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The effect of spinal position on sciatic nerve
excursion during seated neural mobilisation
exercises: an in vivo study using ultrasound
imaging

Richard Ellis1, Samantha Osborne2, Janessa Whitfield3, Priya Parmar4,
Wayne Hing5

1Health and Rehabilitation Research Institute, School of Clinical Studies, AUT University, Auckland,
New Zealand, 2School of Physiotherapy, AUT University, New Zealand, 3School of Physiotherapy,
Bond University, Australia, 4Biostatistics Unit, Faculty of Health and Environmental Sciences, AUT University,
Auckland, New Zealand, 5Faculty of Health Sciences and Medicine, Bond University, Gold Coast, Australia

Objectives: Research has established that the amount of inherent tension a peripheral nerve tract is
exposed to influences nerve excursion and joint range of movement (ROM). The effect that spinal posture
has on sciatic nerve excursion during neural mobilisation exercises has yet to be determined. The purpose
of this research was to examine the influence of different sitting positions (slump-sitting versus upright-sit-
ting) on the amount of longitudinal sciatic nerve movement during different neural mobilisation exercises
commonly used in clinical practice.
Methods:High-resolution ultrasound imaging followed by frame-by-frame cross-correlation analysis was
used to assess sciatic nerve excursion. Thirty-four healthy participants each performed three different
neural mobilisation exercises in slump-sitting and upright-sitting. Means comparisons were used to
examine the influence of sitting position on sciatic nerve excursion for the three mobilisation exercises.
Linear regression analysis was used to determine whether any of the demographic data represented
predictive variables for longitudinal sciatic nerve excursion.
Results: There was no significant difference in sciatic nerve excursion (across all neural mobilisation
exercises) observed between upright-sitting and slump-sitting positions (P50.26). Although greater
body mass index, greater knee ROM and younger age were associated with higher levels of sciatic
nerve excursion, this model of variables offered weak predictability (R 250.22).
Discussion: Following this study, there is no evidence that, in healthy people, longitudinal sciatic nerve
excursion differs significantly with regards to the spinal posture (slump-sitting and upright-sitting). Further-
more, although some demographic variables are weak predictors, the high variance suggests that there
are other unknown variables that may predict sciatic nerve excursion. It can be inferred from this research
that clinicians can individualise the design of seated neural mobilisation exercises, using different seated
positions, based upon patient comfort and minimisation of neural mechanosensitivity with the knowledge
that sciatic nerve excursion will not be significantly influenced.

Keywords: Neural mobilisation, Neurodynamics, Sciatic nerve, Ultrasound imaging, Ultrasonography, Peripheral nervous system, Physiotherapy, Physical

therapy

Introduction
Limb and spinal position may influence the inherent

tension of a peripheral nerve tract and therefore influ-

ence nerve excursion and joint range of movement

(ROM) as the body moves. For example, a cadaver

study, which examined the straight-leg raise (SLR)

test, found there was less excursion of the tibial nerve1

when the nerve was pre-tensioned with ankle dorsiflex-

ion, and the reverse when the ankle was plantarflexed

and the nerve tract unloaded. In vivo studies of the

median2,3 and ulnar nerves4 found that when the nerve

tract was pre-tensioned less nerve excursion occurred

following wrist movement; the reverse trend was

observed when the nerve tract was unloaded. Further-

more, Coppieters et al.5 observed less in vivo median

nerve excursion during elbow extension when the
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cervical nerve roots and brachial plexus were pre-ten-

sioned (via contralateral side-flexion of the cervical

spine compared to ipsilateral side-flexion).

There are numerous examples of the influence that

limb position has upon neural tension during neuro-

dynamic testing and neural mobilisation, however,

there is less information regarding the effects of

spinal position. Analysis of cadavers has concluded

that cervical- and thoracic flexion-induced cephalic

movement of the spinal cord and lumbo-sacral

nerve roots with an associated increase in tension

of these structures.6,7 Furthermore, the addition of

cervical flexion to the slump test has shown signifi-

cant decreases in knee extension, assumed to occur

from increased tension imposed upon the sciatic

nerve tract and lumbo-sacral nerve roots.8,9

The influence that spinal flexion may have upon

the outcome of slump-based neurodynamic tests is

yet to be determined. It has been shown that spinal

flexion (slump) compared to spinal neutral (upright),

during the femoral nerve neurodynamic test, resulted

in significant differences in both hip extension ROM

and pain intensity.10 The mechanical influences of a

flexed spine (slump) versus a neutral spine (upright)

have yet to be determined for the seated slump test.

A loss of mobility of the lumbo-sacral nerve roots

and/or sciatic nerve has been implicated in clinical

conditions such as lumbar nerve root adhesion11,12

and sciatic nerve entrapment.13,14 Theoretical con-

cepts regarding neural mobilisation have advocated

for their use to influence peripheral nerve movement

(i.e. sliding and elongation).3,5,15 Furthermore, neural

mobilisation exercises performed in slumped sit-

ting16,17 have been used in research targetting move-

ment of the lumbo-sacral nerve roots and/or sciatic

nerve. The mechanical influence such exercises may

have would be clinically advantageous for conditions

whereby sciatic nerve excursion is impaired. Given

the fact that increased nerve tension directly influ-

ences available nerve excursion,18 the effect of joint

position and spinal posture during neural mobilis-

ation exercises also needs to be considered, in order

to maximise nerve excursion.

The use of neural mobilisation exercises, which use

modifications of the slump test have been advocated

for people with low-back related leg pain.15–17,19–21

Furthermore, clinicians have also been asked to con-

sider varying spinal posture (slump versus upright) in

sitting based neural mobilisation exercises.20 As indi-

cated earlier, it is possible that the degree of spinal

flexion utilised during seated based exercises may

impact upon relative neural tension and therefore

nerve mechanics. Therefore, the aim of this study

was to determine whether different spinal postures

(slump-sitting versus upright-sitting) altered the

amount of longitudinal sciatic nerve movement

during neural mobilisation exercises commonly used

in clinical practice. It was hypothesised that exercises

performed in slump-sitting would induce less longi-

tudinal sciatic nerve excursion compared to those in

upright-sitting due to potentially greater tension

being imposed on the sciatic nerve and lumbo-

sacral nerve roots in slump-sitting.

Methods
Design
A controlled laboratory study involving a single

group, observational, repeated measures comparison

was conducted. The dependent variable was longi-

tudinal sciatic nerve excursion. The independent vari-

able was the spinal posture adopted for each of the

two sitting positions (slump-sitting and upright-sit-

ting) used for the neural mobilisation exercises.

Participants
Thirty-eight healthy participants over the age of

18 years (Table 1) were recruited into the study by

means of advertisements posted on university and

community noticeboards. Participants were excluded

if they had a history of major trauma or surgery to

the lumbar, hip, buttock (glutaeal) or hamstring

(posterior thigh) regions; symptoms consistent with

sciatic nerve impairment (i.e. paraesthesia, weakness,

etc.); or a positive slump test as described by Butler.19

Participants were also excluded if they had a

neurological condition or other systemic disorders

(e.g. diabetes) that might alter the function of the

peripheral nervous system.

Intervention
For all neural mobilisation exercises, knee extension

was performed passively via a Biodex system 3,

(Biodex Medical, Shirley, NY, USA) isokinetic

dynamometer. To standardise knee ROM, partici-

pants were positioned in slump-sitting (Fig. 1) with

the cervical spine in full, comfortable flexion. For

the leg to be tested (randomly chosen), the knee

was passively extended from 90u flexion until the par-

ticipant experienced a 4 out of 10 feeling of ham-

string stretch discomfort on a numeric rating scale

(NRS) (0 equivalent to ‘no stretch,’ 10 equivalent

to the ‘worst imaginable stretch’). The level of 4/10

was chosen to represent a moderate level of stretch

discomfort, and has been used in previous

research.22,23

Two sitting positions used for the neural mobilis-

ation exercises were investigated. For slump-sitting

(Fig. 1) participants were positioned on the Biodex

and asked to adopt a slumped spinal posture.15 The

slump position was maintained through contact of

the sternum against a 45 cm diameter ball placed

on the participant’s lap. A seatbelt was utilised to

maintain this position. The upright-sitting position

Ellis et al. Spinal position effect on sciatic nerve excursion
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differed (Fig. 2) as all participants relaxed into the

back-rest of the Biodex.

In both positions, the hip of the tested leg was set

at 90u flexion, as measured by a universal goni-

ometer. Belts were used across the pelvis and the

thigh of the tested leg to further maintain the

position.

Threeneuralmobilisationexerciseswere randomlyper-

formed for each of the sitting positions. These included:

Single-joint mobilisation (knee): Passive knee

extension, performed by the Biodex from 90u flexion
to the pre-determined point of 4/10 stretch discom-

fort (moving of the sciatic nerve caudally via the

tibial nerve). Each participant was instructed to

look straight ahead to maintain consistency of cervi-

cal spine position (Fig. 3, Images A and D).

Slider mobilisation: Simultaneous passive knee

extension performed by the Biodex from 90u flexion

to the pre-determined ROM of 4/10 stretch (moving

of the sciatic nerve caudally via the tibial nerve)

and active cervical spine extension from full comfor-

table cervical flexion to full comfortable cervical

extension (unloading of nervous system cranially)

(Fig. 3, B and E).

Tensioner mobilisation: Simultaneous passive knee

extension performed by the Biodex from 90u flexion

to the pre-determined ROM of 4/10 stretch discom-

fort (see above) (moving of the sciatic nerve caudally

via the tibial nerve) and active cervical flexion from

full comfortable cervical extension to full comforta-

ble cervical flexion (loading of nervous system

cranially) (Fig. 3, C and F).

Figure 2 Upright-sitting position. Photograph reprinted

with permission.

Table 1 Participant demographic details

Demographic details

Males (n ¼ 18) Females (n ¼ 16) T-test

Mean (^standard deviation) Mean (^ standard deviation) P-value

Age (year) 27.4 (4.4) 32.5 (13.09) 0.16
Height (cm) 182.0 (5.0) 164.9 (5.0) 0.82
Weight (kg) 87.0 (10.5) 63.0 (7.0) 0.12
Body Mass Index (BMI) (kgm22) 26.3 (2.6) 23.2 (2.4) 0.71
Knee Range of motion (8) 64.7 (12.2) 64.8 (20.5) 0.05

Figure 1 Slump-sitting position. Photograph reprinted with

permission.

Ellis et al. Spinal position effect on sciatic nerve excursion
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Knee joint motion occurred at an angular velocity

of 20u/s. Two repetitions of each movement were per-

formed as familiarisation trials, allowing the partici-

pant to practice timing of active cervical spine

movement in coordination with passive knee exten-

sion. A further three repetitions of each movement

were performed for data collection with a 1-min

rest between each mobilisation exercise. For all of

the exercises, each participant was instructed to

allow their foot and ankle to remain relaxed during

the movement of the knee joint.

Outcome measures
Longitudinal excursion of the sciatic nerve (measured

in millimetres, mm) was assessed at the level of the

posterior mid-thigh (half-way between the glutaeal

and poplitaeal creases). The same experienced sono-

grapher performed all ultrasound scans and was

blinded to the analysis of all ultrasound imaging.

B-mode real-time ultrasound imaging was per-

formed using a Philips iU22 (Philips Medical Systems

Company, The Netherlands) ultrasound machine

with a 12–5 MHz, 50 mm, linear array transducer.

Each video sequence was converted off-line to a

digital format (bitmaps). ImageJ (Version 1.42,

National Institute of Health, Maryland, USA) digital

image analysis software was used to calculate the

scale conversion from pixels to millimetres.

Each video sequence was then analysed using

frame-by-frame cross-correlation analysis. This

method employs a cross-correlation algorithm to

determine relative pixel movement, of grey scale

speckle features, between successive frames in a

sequence of ultrasound images.24 Pixel shift measure-

ments for the nerve were offset against (subtracted

from) pixel shift measurements from stationary struc-

tures (i.e. subcutaneous layers, bone, etc.) within the

same ultrasound field. This method allows for any

slight movement of the ultrasound transducer to be

eliminated from the analysis. This method has been

previously reported and proved to be highly reliable

for the assessment of nerve motion.5,15,24,25

To be selected for analysis, each video sequence

had to have clear pixilation and clear identification

of the sciatic nerve. Two video sequences were then

randomly chosen for each of the three neural mobil-

isation exercises per participant. During data collec-

tion and analyses, the researcher was blinded to the

Figure 3 Illustration of the three different neural mobilisation exercises performed in both sitting positions. Upright-sitting

exercises are shown by images A–C and slump-sitting exercises are shown by images D–F. Images A and D represent

single joint mobilisations, B and E represent slider mobilisations and C and F represent tensioner mobilisations.

Ellis et al. Spinal position effect on sciatic nerve excursion
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participant (including their relevant demographic

data), the recording session, the sitting position and

the neural mobilisation exercise.

Data analysis
A priori power analysis and sample size calculation was

performed based on data from seven participants from

of a previous pilot trial (unpublished) that utilised a

similar research design to that of the current study.

The dependent variable usedwas sciatic nerve excursion

for different neural mobilisation exercises and the inde-

pendent variable was neural mobilisation sitting pos-

ition (slump-sitting or upright-sitting). The analysis

was performed using G*Power 3 software
26,27 with cal-

culations based on a 30% difference being observed.

This percentage change was chosen based on similar

research15 and was considered to reflect a change that

would be notable to clinicians. With power set at 0.8

and alpha of 0.05, the required number of participants

was 30.

A Shapiro–Wilk test was used to examine the data

for normaility. On the basis of normally distributed

data, a paired T-test was utilised to examine the

effect of slump-sitting and upright-sitting positions

on longitudinal sciatic nerve excursion across the

three mobilisation exercises.

The intrarater reliability of measuring longitudinal

sciatic nerve excursion using the method described

was also examined. A 2-way mixed intraclass corre-

lation coefficient (ICC2,1), with 95% confidence inter-

vals and standard error of measurement (SEM) were

calculated to determine the reliability of

measurement.

In order to better understand the influence of

spinal position on sciatic nerve excursion in our

cohort, further analysis was conducted to determine

whether any of the demographic data represented

predictive variables for the amount of longitudinal

sciatic nerve excursion by means of a model fitting

procedure using linear regression analysis. Variables

that were significant to 10% were retained in the

model. Statistical significance was defined as

Pv0.05.

Results
Of the 38 participants enrolled in the study, data

from four participants were excluded due to poor

image quality. Of the 34 remaining participants, 16

were female and 18 were male. The descriptive demo-

graphic data for the 34 participants are shown in

Table 1. Following the Shapiro–Wilk test, it was

apparent that sciatic nerve excursion for this

sample was normally distributed (Pw0.05).

Sciatic nerve excursion (across all neural mobilis-

ation exercises) was observed to be slightly greater

for upright-sitting compared to slump-sitting

(Table 2), however, this was not significant

(P50.26). For all data, the movement of the sciatic

nerve was in a distal direction (i.e. towards the knee).

The reliability of measuring sciatic nerve excursion

across two trials for the three neural mobilisations

was excellent for both the slump position (ICC

0.86, 95% CI, 0.84–0.92; SEM, 0.25 mm) and the

upright position (ICC 0.89, 95% CI, 0.85–0.92;

SEM, 0.21 mm).

A linear mixed effects model was fit to predict sciatic

nerve excursion using repeated measures of outcome

data and several covariates (listed in Tables 1 and 2).

A backwards stepwise selection procedure was used to

determine significant predictors of sciatic nerve excur-

sion from these covariates. Variables that were not stat-

istically significant (Pw0.10) (Table 3), along with

height and weight (due to being highly correlated with

BMI) were excluded from the final model. Age, BMI,

knee ROM and sitting position were retained as signifi-

cant predictors of sciatic nerve excursion (F(3,

403)538.9, Pv0.0005, R 250.22). Greater BMI, knee

ROM and younger age were associated with higher

levels of sciatic nerve excursion (Table 3). Slump pos-

ition was associated with less sciatic nerve excursion

compared to the upright position, however this was

not a statistically significant effect (P50.17, Table 3).

The R 2 value (R 250.22) was low, indicating that this

model offers weak predictability. More than 75% of

the variability surrounding sciatic nerve movement

was not accounted here, highlighting that important

risk factors for sciatic nerve excursion are yet to be

identified.

Discussion
To the authors’ knowledge, this study is the first in

vivo study, which has assessed the influence of

spinal posture on lower limb peripheral nerve excur-

sion during neural mobilisation exercises. The results

of this study found no evidence to support the

hypothesis that neural mobilisation exercises per-

formed in slump-sitting induce less longitudinal scia-

tic nerve excursion, compared with those performed

in upright-sitting. This hypothesis was formed

based on the assumption that slump-sitting would

result in greater tension being imposed on the sciatic

nerve via the spinal cord and lumbo-sacral nerve

roots. The lack of statistical significance in this

study coupled, with the fact that the R 2 statistic

was low (22%), indicates that there is more than

75% variability in our study data that is unaccounted

for by the variables in our model. This suggests that

there are other variables (that are either unknown or

not currently collected) that may better predict sciatic

nerve excursion among healthy participants utilising

neural mobilisation exercises in different sitting

positions.

Ellis et al. Spinal position effect on sciatic nerve excursion
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Previous research has demonstrated that the

amount of inherent tension to which a peripheral

nerve is exposed can have a direct influence on the

amount of nerve excursion available when the limb

moves.1–4 Although nerve tension was not quantified,

the results of the current study suggest that the

assumed increase in generalised neural tension

applied to the spinal cord and lumbo-sacral nerve

roots by slump-sitting did not alter sciatic nerve

excursion.

The findings of this study regarding the influence

of spinal position upon nerve excursion appear to

contradict the conclusions of previous studies. For

example, previous research has indicated that the

position of the cervical spine5 or movement of the

cervical spine28 significantly influenced median

nerve excursion during upper limb neural mobilis-

ation exercises. There are several explanations that

need to be considered. In the first instance, previous

research has examined nerve excursion in the upper

limb.5,28 The kinematics and functional use of the

upper quadrant (i.e. cervical spine, scapulao-thoracic

region and upper limb) is very different to that of the

lower quadrant (i.e. lumbar spine, pelvis and lower

limb). This fact makes direct comparison of nerve

movement between the upper and lower quadrants

difficult and possibly inappropriate.

Furthermore, it could also be argued that any

increase in neural tension imposed from slump-sitting

may be greatest at or near the thoracic and lumbo-

thoracic regions. These regions are distant to the

axes of joint rotation used during the neural mobilis-

ation exercises examined. This anatomic distance

may have limited any increased neural tension

induced with spinal slump upon excursion of the

sciatic nerve at the posterior mid-thigh. Although

this is speculative, there is some evidence to suggest

that anatomical distance may be a factor in relative

neural tension. For example, previous research has

suggested that the addition of cervical flexion

during the SLR test did not show any significant

change in hip flexion at the first onset of manually

perceived resistance, in either healthy individuals or

those with a lumbar radiculopathy.29 Also the work

of Ellis et al.15 concluded that the addition of cervical

flexion to a seated neural mobilisation exercise did

not significantly alter sciatic nerve excursion which

was induced from knee extension. However, the

argument for anatomic distance and relative neural

tension is controversial. From their cadaver based

research, Gilbert et al.1 concluded that the addition

of ankle dorsiflexion to the SLR caused a significant

decrease in displacement of the L5 and S1 nerve

roots. In regard to nerve root strain, it was evident

that ankle dorsiflexion resulted in greater strain,

however this did not reach significance. Clearly

there is further research to be done to fully under-

stand the influence that anatomic location has upon

relative neural tension.

Neural tension influences the amount of perceived

stretch and is known to limit joint ROM.3,5,15,18 In

order to avoid potential adverse effects from exces-

sive nerve stretch in the current study, knee extension

joint ROM was limited to elicit a sensation of 4/10

(NRS) stretch in full slump-sitting. This was done

to allow participants to move through a greater

ROM than an absolute ROM limit may have

allowed. This would therefore induce more nerve

excursion, while minimising potential adverse effects

(e.g. increased neural mechanosensitivity) from

excessive nerve stretch. The choice of the level of 4/

10 represented a moderate level of stretch and has

been used in previous research.22,23 However, by lim-

iting knee ROM in this way it is likely it was not

possible to apply adequate tension to the lumbosa-

cral-sciatic nerve tract to take the sciatic nerve

through its full range of excursion. Furthermore, in

the upright-position (where the nervous system is

Table 2 Descriptive statistics for longitudinal sciatic nerve excursion. Values are represented in millimetres (mean+standard
deviation). All values indicate distal movement of the sciatic nerve (i.e. towards the knee)

Sitting position Slider mobilisation Single-joint mobilisation Tensioner mobilisation

Slump 6.4 ^ 2.7 6.2 ^ 2.9 6.0 ^ 2.9
Upright 6.9 ^ 2.6 6.1 ^ 2.5 6.4 ^ 2.7

Table 3 Output from repeated measures model

Variable Category Beta (95% CI) P-value

Constant 21.88 (24.93, 1.17) 0.227
Age (years) 2 0.08 (20.10, 20.06) < 0.0001
Sex Males 0.15 (0.45,0.75) 0.626
Body mass index (BMI) (kgm22) 0.30 (0.20, 0.40) < 0.0001
Knee range of motion (8) 0.04 (0.02, 0.05) < 0.0001
Position Slump 0.34 (20.14, 0.82) 0.168

Ellis et al. Spinal position effect on sciatic nerve excursion
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believed to be exposed to less tension) knee ROM

was kept to the same range as for slump-sitting.

This may have further decreased the likelihood of

moving the sciatic nerve through its full range of

excursion. Although this pragmatic approach to

knee ROM standardisation allowed maintenance of

a consistent methodology, it may have contributed

to the non-significant result and inability to support

the original hypothesis.

Limitations
It is important to note that this study examined a

healthy population. Foundation research, which

gains an understanding of concepts such as nerve

excursion, requires information pertaining to healthy

individuals. However, this does create a limitation in

that direct inferences to clinical populations cannot

be made from this research.

The methods used to perform the neural mobilis-

ation exercises in the current study are similar to

those used in previous work.15 As was also noted in

Ellis et al.,15 it was logistically difficult to use both

passive knee and passive cervical spine movements

for the neural mobilisation exercises. It is acknowl-

edged that this is a methodological limitation, in

that the active cervical spine movement presents a

less rigorous control than the standardised passive

knee movements that were used.

A further limitation to consider was the use of the

standardised 45 cm diameter ball to maintain the

slump position. The potential exists that, depending

on the relative size of each participant, the size of

the ball dictated different degrees of spinal flexion

and therefore may have influenced neural tension.

The choice to use the 45 cm ball was a pragmatic

one, based on previous research that had previously

reported this method.15 However, it is acknowledged

that this is a methodological limitation.

Finally, it is noted that the foot and ankle of the

moving leg was not held in a standardised position.

It is not standard clinical practice to restrict foot

and ankle movement in neural mobilisation exercises,

such as those used in this study. Furthermore, the

intention was to maximise knee extension, within

the set comfort parameters, in order to maximise

the sciatic nerve excursion that this induced. It is

acknowledged, however, that having the foot in a

non-standardised position presents a confounding

variable that may have influenced the amount of scia-

tic nerve excursion seen.

Clinical implications
The clinical implications of the research are that

spinal posture has little effect on sciatic nerve excur-

sion between different sitting-based neural mobilis-

ation exercises for the sciatic nerve and associated

tracts in healthy participants. Although the current

study assessed healthy participants, it can be inferred

from the results that clinicians are able to individua-

lise seated neural mobilisation exercises with regard

to lumbar position, to meet the requirements of indi-

vidual patients, without compromising sciatic nerve

excursion. For example, neural mobilisation exercises

performed in upright-sitting utilising tolerable ranges

of movement at the knee and cervical spine have the

potential to elicit similar sciatic nerve excursion as

slump-sitting exercises, with the additional benefit

of creating less neural tension and potentially miti-

gating any related adverse effects.
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