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Effects of Upper Extremity
Neural Mobilization on Thermal
Pain Sensitivity: A Sham-Controlled
Study in Asymptomatic Participants
eural mobilization (NM)
is a part of manual
therapy that has been
reported to be an
effective intervention for certain
conditions,23,29,32,43 including carpal
tunnel syndrome55 and low
back pain.11 Other investigators,
however, have reported that
NM provides no additional
beneﬁts when compared to
other interventions.56,65 A recent
systematic review of randomized
controlled trials involving NM
has suggested that there is
limited evidence for the use
of NM in the treatment of
certain upper-quarter conditions.24
Speciﬁcally, incorporating NM
in the treatment of patients with
carpal tunnel syndrome,1,3,47
cervicobrachial pain,21,20 and lateral

N

epicondylalgia71 has been associated with
decreased ratings of pain and disability.
Many of these studies are considered to
be of “moderate” methodological quality,

based on criteria from the Physiotherapy
Evidence Database (PEDro) scale. Conversely, other studies are “limited” in
TIJK:O:;I?=D0 A single-blinded, quasi-experimental, within- and between-sessions assessment.
TE8@;9J?L;I0 To investigate potential
mechanisms of neural mobilization (NM), using
tensioning techniques in comparison to sham NM
on a group of asymptomatic volunteers between
the ages of 18 and 50.

T879A=HEKD:0 NM utilizing tensioning
techniques is used by physical therapists in the
treatment of patients with cervical and/or upper
extremity symptoms. The underlying mechanisms
of potential beneﬁts associated with NM tensioning
techniques are unknown.

TC;J>E:I7D:C;7IKH;I0 Participants (n =
62) received either a NM or sham NM intervention
2 to 3 times a week for a total of 9 sessions, followed by a 1-week period of no intervention to assess carryover effects. A-delta (ﬁrst pain response)
and C-ﬁber (temporal summation) mediated pain
perceptions were tested via thermal quantitative
sensory testing procedures. Elbow extension range
of motion (ROM) and sensory descriptor ratings
were obtained during a neurodynamic test for the
median nerve. Data were analyzed with repeatedmeasures analysis of variance (ANOVA).

TH;IKBJI0 No group differences were seen for
A-delta mediated pain perception at either immediate or carryover times. Group differences were

methodological quality1 and, therefore,
only provide preliminary evidence for the
use of NM.24 While the clinical literature
identiﬁed for immediate C-ﬁber mediated pain perception (P = .032), in which hypoalgesia occurred
for the NM group but not the sham NM group. This
hypoalgesic effect was not maintained at carryover
(P = .104). Group differences were also identiﬁed
for the 3-week and carryover periods for elbow
extension ROM (P = .004), and for the participant
sensory descriptor ratings (P = .018), in which
increased ROM and decreased sensory descriptor
ratings were identiﬁed in participants in the NM
group but not the sham NM group.

T9ED9BKI?ED0 This study provides preliminary
evidence that mechanistic effects of tensioning NM
differ from sham NM for asymptomatic participants. Speciﬁcally, NM resulted in immediate, but
not sustained, C-ﬁber mediated hypoalgesia. Also,
NM was associated with increased elbow ROM and
a reduction in sensory descriptor ratings at 3-week
and carryover assessment times. These differences
provide potentially important information on the
mechanistic effects of NM, as well as the description of a sham NM for use in future clinical trials.

TB;L;BE<;L?:;D9;0 Therapy, level 2b. J
Orthop Sports Phys Ther 2009;39(6):428-438. doi:
10.2519/jospt.2009.2954

TA;OMEH:I0 manual therapy, neurodynamic
testing, temporal summation
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provides preliminary support of NM, the
effects and underlying mechanisms of
NM are unknown,7,31 and investigation
of such factors could provide valuable
information to the ambiguous clinical
literature.
Mechanisms of NM have been primarily supported by theoretical concept.10,25,57 NM has been demonstrated to
produce mechanical effects in terms of
nerve strain and excursion in cadaveric
studies12,15 and recent in vivo studies.16 Although limited in the literature, another
potential effect of NM is on autonomic
function. Increased blood ﬂow velocity
within the radial artery52 and decreased
skin temperature of the hand51 have been
suggested during neurodynamic testing
procedures, similar to NM tensioning
interventions.
There are different methods of delivering NM, including “sliding” and “tensioning” techniques.6,14,57 Sliding techniques
involve combinations of movements that
result in elongation of the nerve bed at
one joint, while reducing the length of
the nerve bed at an adjacent joint.15,16,57
These techniques are suggested to be
less aggressive in nature compared to
tensioning techniques, which involve increasing the distance between each end
of the nerve bed via elongation.57 It has
been demonstrated that these techniques
exert different biomechanical effects on
the nervous system.12,15 For example, in
a cadaveric study15 sliding techniques
resulted in less strain and larger longitudinal excursion of the median nerve at
the wrist when compared to tensioning
techniques. Differences in clinical theories also exist when comparing these NM
techniques. For example, sliding techniques have been theorized to play a role
in the dispersion of inﬂammatory products and limiting ﬁbroblastic activity.15
Moreover, tensioning techniques have
been suggested to play a role in reducing intraneural swelling and circulatory
stasis by altering intraneural pressure associated with these techniques.15
Speciﬁc to the purposes of the current
study, the hypoalgesic effects of NM utiliz-

ing tensioning techniques have not been
reported as they have been for spinal manipulative therapy.22,30,70 When determining hypoalgesia, the use of a sham group
in study designs strengthens the ability
to separate speciﬁc mechanistic effects
from nonspeciﬁc effects.33,70 Therefore, to
determine the association between NM
tensioning techniques and hypoalgesia,
sham techniques that do not speciﬁcally
stress tissues would serve as an appropriate comparison group.39 Sham NM techniques would also be a good comparison
for other parameters, such as range of
motion (ROM) and reports of sensory
descriptors typically measured during
neurodynamic testing.
Therefore, the aims of the present study
were 3. First, we investigated if immediate hypoalgesic effects occurred in participants receiving NM utilizing a tensioning
technique or a sham NM technique via
thermal pain sensitivity testing. The rationale for using thermal testing was to allow
comparison to a previous study involving
spinal manipulation.30 Second, we investigated if there were any group differences
(NM versus sham NM) in elbow extension ROM or sensory descriptors during
the neurodynamic test for the median
nerve over time. Finally, we investigated
if there were lasting carryover effects for
hypoalgesia, ROM, or sensory descriptors
following NM tensioning application. We
hypothesized participants receiving a NM
tensioning technique would demonstrate
hypoalgesic effects via thermal pain sensitivity testing, increased elbow extension
ROM, and decreased sensory descriptor
ratings in comparison to those receiving
sham NM.
We tested these effects in a group of
asymptomatic participants for several
reasons. First, we wanted to determine
the hypoalgesic effects for asymptomatic
participants receiving NM by use of tensioning techniques, as per our previous
studies involving spinal manipulation.4,30
Second, symptomatic individuals can experience continuous, nociceptive input
that is likely to result in enhanced pain
sensitivity in comparison to asymptomat-

ic individuals.30,60,61,63,74 With asymptomatic individuals we were able to control
levels of nociceptive input, and such control may not be feasible in symptomatic
individuals. Third, the use of asymptomatic individuals eliminates commonly
encountered confounding variables associated with clinical conditions, including
concomitant physical therapy interventions (eg, exercise or modalities) and pain
medications.30

C;J>E:I
FWhj_Y_fWdji

J

his sample consisted of 62 undergraduate and graduate students
(46 females; mean  SD age, 23.7
 3.9 years) who responded to advertisements posted throughout a Health
Science Center of a large research university. Per inclusion criteria, subjects
were between 18 and 50 years of age, not
currently experiencing any neck or dominant upper extremity symptoms, did not
have a history signiﬁcant for a chronic
painful condition, and were not using
pain relievers. Eligible participants were
also required to speak and comprehend
English so they could respond to verbal
questions, comprehend questionnaires,
and understand instructions during the
procedures of the study. Prior to participating in any study-related procedures,
participants read and signed an informed
consent form approved by the University
of Florida Institutional Review Board.
Potential participants were verbally
screened for current painful conditions
involving their neck or dominant upper
extremity and for chronic pain conditions
(ie, ﬁbromyalgia) or current use of pain
relievers.

FheY[Zkh[i
Participants completed a demographic
questionnaire, and psychological factors
known to inﬂuence pain reporting were
measured to determine if there were
baseline group differences that could
potentially inﬂuence results. Thermal
pain sensitivity, elbow ROM, and sen-
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sory descriptors during neurodynamic
testing were collected prior to the initial
intervention. Thermal pain sensitivity
measures were collected again immediately following the initial session, ninth
session, and 1 week following the ninth
session. In addition, neurodynamic testing measures were obtained during the
ninth session and 1 week following the
ninth session. The rationale for obtaining
measures 1 week following the ninth session was to determine if there were any
lasting carryover effects after a 1-week
period with no NM provided.
Self-Report Questionnaires Several selfreport questionnaires were administered
to determine if the groups differed on
important variables that might inﬂuence
thermal pain responses. These questionnaires are described as follows. The Pain
Catastrophizing Scale (PCS) utilizes a
13-item, 5-point Likert scale, with higher scores indicating elevated levels of
catastrophizing.45,64,67 The Fear of Pain
Questionnaire (FPQ-9) utilizes a 9-item,
5-point Likert scale, with higher scores
indicating elevated levels of fear.42,46,54,69
The Tampa Scale of Kinesiophobia-General Population (TSK-G) utilizes a 12item, 4-point Likert scale, with higher
scores indicating elevated levels of fear of
movement and injury/reinjury.34,38,72 The
State-Trait Anxiety Inventory, the trait
portion of the State Anxiety Inventory,
utilizes a 20-item, 4-point Likert scale,
with higher scores indicating elevated
levels of anxiety.2,58
Speciﬁc Questions Several speciﬁc questions were administered to determine if
the groups differed on important variables that could inﬂuence thermal pain
responses. These descriptions were rated
on a 10-cm visual analog scale (VAS),
with “none” and “most severe imaginable”
as scale anchors. Deﬁnitions were provided to describe the difference between
“threatened” and “challenged.” These
questions are as follows: “Describe your
current level of fear about the pain you
are about to feel,” “Describe your current
level of anxiety about the pain you are
about to feel,” “Describe how threatened
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you are about the pain you are about to
feel,” and “Describe how challenged you
are about the pain you are about to feel.”
Thermal Pain Sensitivity Quantitative
sensory testing was performed as per
previously established protocols involving thermal stimuli.30,50,53,59,62,63 Thermal
stimuli may be used to differentially affect A-delta and C-ﬁber nociceptive input.48,50,63 Thermal stimuli were delivered
via contact thermode and a computercontrolled neurosensory analyzer (TSA2001; Medoc, Ltd, Ramat Yishai, Israel)
with a handheld, peltier-element–based
stimulator. Participants were familiarized
to the thermal stimuli and pain-rating
devices with a practice session prior to
actual testing. This practice session has
previously been described in detail elsewhere.30 Thermal pain threshold and
tolerance temperatures (°C) and pain
intensity ratings (numerical rating scale
[NRS]; potential range, 0-100) were obtained from this practice session.
During testing, stimuli were applied
to the participants’ dominant sides, and
stimulus sites included the volar surface of
the forearm just distal to the elbow joint
(ﬁrst pain response) and the thenar eminence of the hand (temporal summation).
These anatomical locations were selected
based on the purported segmental (C6C8, T1) and peripheral (median nerve)
innervation of skin in these regions.
First Pain Response Heat stimuli of 3 seconds duration were applied to the skin of
the participants’ dominant forearm. The
temperature increased rapidly (10°C/s)
from baseline to a randomly presented
peak of 45°C, 47°C, 49°C, or 51°C. Participants were asked to rate their ﬁrst pain
intensity felt. These ratings are believed
to be primarily mediated by input from
A-delta ﬁbers.48,50 The exact stimulation
site over the forearm slightly varied (approximately 5 cm distally) between stimuli exposure and the interval between
stimuli was at least 60 seconds to avoid
carryover effects from the preceding
thermal stimulus. Participant response
to thermal stimuli was determined with
a mechanical slide algometer for evoked

]
pain intensity, which was anchored on
the left with “no pain sensation,” representing 0, and on the right with “most
intense pain sensation imaginable,” representing 100. The investigator (J.B.) operated the algometer until the participant
verbally indicated the algometer reading
indicated the evoked pain intensity. The
thermode was maintained in place by the
participant until the trial was completed
or participants physically removed the
thermode, whichever occurred ﬁrst. This
ensured that participants had the ability
to remove the thermode in cases when
the temperatures were not tolerated.
Temporal Summation A train of 10 consecutive heat pulses, of less than 1-second
duration, at an interstimulus interval of
3 seconds, was delivered to the thenar
eminence of the participants’ dominant
hand. The stimulation site was not varied
at the hand because only 1 train of stimuli
was delivered, and therefore carryover effects were not a concern. An interstimulus interval of 3 seconds was selected
to ensure the development of temporal
summation.48,50 Participants were asked
to rate their second pain intensity associated with all 10 heat pulses, and temporal
summation was deﬁned as the difference
between the ﬁfth and second pain rating
for purposes of our analysis. Temporal
summation is believed to be primarily
mediated by C-ﬁber input.48,50 For temporal summation, a NRS was used for
evoked pain intensity because of the rapid sequence of ratings. The NRS ranged
from 0 to 100, with 0 representing “no
pain” and 100 representing “worst pain
intensity imaginable.”
Neurodynamic Testing A neurodynamic
test for the median nerve was performed
similar to those reported in the literature.10,18,19,26,57 The participant was positioned supine and the cervical spine
was positioned in approximately 25° of
contralateral lateral ﬂexion or when the
ﬁrst sense of increased resistance was
perceived by the investigator, whichever
occurred ﬁrst. This option was provided
to account for participants where a ﬁrst
sense of resistance was perceived by the
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investigator prior to achieving 25° of contralateral lateral ﬂexion of the cervical
spine. This was followed by the following
consecutive positioning procedures: (1)
the application of passive scapular depression until a sense of resistance was
perceived by the investigator; (2) 90° of
combined shoulder abduction and external rotation; combined forearm supination, wrist extension, ﬁnger extension
until a sense of resistance was perceived
by the investigator; (3) elbow extension
was then applied until a sense of resistance was perceived by the investigator or
when shoulder girdle elevation was noted. A research assistant recorded elbow
extension ROM with a universal goniometer; (4) the participant was asked to
actively slide the head back to a neutral
position; (5) the investigator applied additional elbow extension until a sense of
resistance was perceived or when shoulder girdle elevation was noted. Again,
a research assistant recorded elbow extension ROM, as previously described.
Participants rated predetermined sensory descriptors during the application
of neurodynamic testing procedures.
Sensory descriptors were rated via a 10cm VAS during step 3 described above.
The sensory descriptors included those
previously reported in the literature for
various neurodynamic tests: “stinging,”
“tingling,”17,73 “tightness,”73 “sharpness,”73
and “numbness.”68 A preliminary factor
analysis indicated that all 5 sensory descriptors loaded on to a single latent variable, which was an expected ﬁnding for a
group of asymptomatic participants. The
factor analysis ﬁndings indicated that
data reduction was appropriate, and,
for our analyses, the 5 sensory descriptor VAS scores were averaged to create a
single sensory description variable (ie, average of VAS scores for stinging, tingling,
tightness, sharpness, and numbness).

:[i_]d
A quasi-experimental design was used
in this study. The initial 31 participants
were assigned to receive NM utilizing
a tensioning technique, while a second

<?=KH;'$Prepositioning consisted of placing the
participant in the neurodynamic test position.
Neural mobilization exercise 1 consisted of 10 cycles
of (A) passive elbow ﬂexion and (B) extension
(arrow). An initial sense of resistance perceived
by the investigator was used as a sign to alternate
directions.

cohort of 31 participants were assigned
to receive a sham NM technique. All
participants were blinded to their group
assignment, while the investigator was
aware of participant group assignment.
Participants received intervention 2 to
3 times per week until they completed 9
sessions (mean  SD days, 32.2  9.2).
This time frame had to be adjusted based
on individual participant scheduling conﬂicts where they could not commit to 3
sessions per week.

?dj[hl[dj_ed
Participants Who Received Neural Mobilization Participants in the NM group

received a combination of techniques
previously described in the literature for
treatment of upper extremity and cervicobrachial conditions.10 These conditions
may involve ischemia or inﬂammation of
neural tissue, which have the potential
to alter the normal physiology of the
nervous system.57 The NM tensioning
technique consisted of 2 exercises. The

<?=KH;($Prepositioning consisted of the
participant being placed in the neurodynamic test
position. Neural mobilization exercise 2 consisted
of positioning the elbow in (A) extension and (B)
having the participant actively perform 10 cycles
of contralateral cervical lateral-ﬂexion (arrow) from
a neutral position. Participants were asked to only
encounter an initial sense of resistance when moving
into the direction of lateral ﬂexion.

ﬁrst exercise involved passively positioning the participant in the neurodynamic
testing position. As the position was assumed, 10 cycles of passive elbow ﬂexion/
extension, at a rate of approximately 6
seconds per cycle (3 seconds into extension and 3 seconds into ﬂexion), were
provided (<?=KH;'). Upon moving from elbow ﬂexion to extension, an initial sense
of resistance perceived by the investigator
was used as a sign to alternate directions.
Following the 10th cycle, a static hold was
maintained while in elbow extension for
10 seconds. The second exercise involved
the same initial neurodynamic test positioning, with the exception of any cervical components (ie, the cervical spine was
positioned in a neutral position). Instead
of mobilizing the elbow, the participant
was asked to perform active movements,
consisting of cervical lateral ﬂexion away
from the test extremity, to and from a neutral position (<?=KH;I(). Participants were
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Descriptive Statistics*
DCd3)'

I^WcDCd3)'

PLWbk[

Age (y)

23.3 (2.8)

24.2 (4.7)

0.388

Sex (n, % female)

23 (74.2)

23 (74.2)

1.000

LWh_WXb[

†

Worst pain ever experienced

5.9 (1.9)

6.8 (2.5)

Fear about pain about to feel†

2.1 (2.1)

2.0 (2.1)

0.848

Anxiety about pain about to feel†

2.0 (2.2)

1.4 (1.7)

0.305

asked to only encounter an initial sense
of resistance when moving into the direction of lateral ﬂexion. This was repeated
for a total of 10 cycles. Following the 10th
cycle, a static hold was maintained while
in lateral ﬂexion for 10 seconds.
Participants Who Received Sham Neural
Mobilization Participants in the sham

NM group received a treatment consisting
of maneuvers that mimic the NM treatment but believed not to stress the neural
tissues in the upper extremity.1,8,9,10,37 The
sham NM consisted of passively positioning the participants in the following
consecutive positions: (1) a neutral cervical spine (0° of lateral ﬂexion), (2) 45°
of shoulder abduction without scapula
depression, and (3) 45° of shoulder external rotation combined with 45° of elbow ﬂexion with forearm pronation. This
was immediately followed by 10 cycles of
passive wrist ﬂexion/extension at a rate

0.120

Threat about pain about to feel†

1.4 (1.5)

1.3 (1.8)

0.757

Challenged about pain about to feel†

2.2 (1.4)

2.1 (1.8)

0.723

Catastrophizing‡

14.0 (6.6)

16.2 (8.4)

0.239

Fear of pain§

12.9 (5.9)

14.1 (5.7)

0.397

Kinesiophobia||

23.3 (4.7)

23.1 (4.5)

0.848

¶

<?=KH;)$Prepositioning for the sham neural
mobilization technique consisted of the following:
(1) a neutral cervical spine; (2) 45° of shoulder
abduction without scapula depression; (3) 45°
of shoulder external rotation combined with 45°
of elbow ﬂexion with forearm pronation. This was
immediately followed by 10 cycles of passive wrist
(A) ﬂexion and (B) extension (indicated by arrow).
Upon moving from wrist ﬂexion to extension, an initial
sense of resistance perceived by the investigator was
used as a sign to alternate directions.

]

Anxiety

34.7 (6.6)

33.1 (6.4)

0.345

Pain threshold (°C)

44.5 (2.3)

44.3 (2.4)

0.747

Pain threshold rating†

18.1 (13.2)

30.1 (21.4)

0.007

Pain tolerance (°C)

47.9 (1.7)

47.3 (2.1)

0.193

Pain tolerance rating†

36.6 (21.2)

54.5 (21.4)

0.002

Abbreviation: NM, neural mobilization.
* All data are reported as mean (SD) ratings, unless otherwise indicated.
†
Numerical rating scale (potential range, 0-100).
‡
Pain Catastrophizing Scale (potential range, 0-52).
§
Fear of Pain Questionnaire, 9-item (potential range, 0-36).
||
Tampa Scale of Kinesiophobia, general version (potential range, 12-48).
¶
State-Trait Anxiety Inventory (potential range, 20-80).

J78B;(

Between-Session Group Measures*

LWh_WXb[

8Wi[b_d[

Feijjh[Wjc[dj'

NM

24.4 (17.8)

21.3 (18.6)

Sham NM

33.5 (25.6)

27.4 (20.3)

NM

38.7 (22.0)

33.4 (26.5)

Sham NM

45.6 (27.4)

37.1 (26.9)

NM

5.5 (10.1)

0.7 (7.0)

Sham NM

3.1 (9.2)

5.0 (7.2)

First pain (47°C)†

†

First pain (49°C)

Temporal summation†

Abbreviation: NM, neural mobilization.
* All data are reported as mean (SD) ratings.
†
Numeric rating scale ratings (0-100)

of approximately 6 seconds per cycle (3
seconds into extension and 3 seconds into
ﬂexion) (<?=KH;)7 and )8). Upon moving
from wrist ﬂexion to extension, an initial
sense of resistance was used as a sign to
alternate directions. Following the 10th
cycle, a static hold was maintained while
in wrist ﬂexion for 10 seconds.

:WjW7dWboi_i
All data analyses were performed using
SPSS 15.0 for Windows (SPSS Inc, Chicago, IL) at a type I error rate of 0.05.
Descriptive statistics were generated for
the demographic, psychological, and pain
threshold and tolerance levels. Baseline
variables were considered for covariates
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J

he 2 groups did not signiﬁcantly
differ on demographics, previous
pain ever experienced, self-ratings
of fear, anxiety, threat, and challenge for
the thermal pain, self-report psychological questionnaires, and temperature of
threshold and tolerance (J78B;'). Independent sample t testing revealed signiﬁcant group differences on pain threshold
(P = .007) and tolerance (P = .002) rat-

J78B;)

Between-Session Group Measures*
8Wi[b_d[

Feijjh[Wjc[dj/

<ebbem#kf†

NM

137.4 (13.7)

145.6 (17.8)

145.6 (16.6)

Sham NM

129.0 (14.4)

125.0 (8.7)

123.4 (9.8)

LWh_WXb[
Elbow extension ROM‡

Sensory descriptors‡§
NM

1.6 (1.2)

1.1 (0.9)

1.0 (0.6)

Sham NM

2.7 (1.4)

3.1 (1.7)

3.1 (2.3)

Abbreviations: NM, neural mobilization; ROM, range of motion.
* All data are reported as mean (SD).
†
Occurred 1 week after session 9.
‡
Recorded during the neurodynamic test for the median nerve, where 180° is full elbow extension.
§
Visual analog scale ratings (0-10).

20

15

Change in Rating of Pain (NRS)

if both of the following conditions were
met: (a) group differences in baseline
variable (ie, demographic, psychological,
or pain threshold tolerance levels) and
(b) same baseline variable was correlated
with a dependent variable (ie, temporal
summation).
Our purposes were investigated by
testing for group-by-time interactions for
ﬁrst pain response, temporal summation,
neurodynamic testing elbow ROM, and
neurodynamic testing sensory descriptors.
Dependent measures of the immediate
response to NM were ﬁrst pain responses
for 47°C and 49°C, and temporal summation. Consistent with our previous studies
on spinal manipulation,4,30 immediate response data for 45°C and 51°C were not
presented because they lack sensitivity to
changes from pain treatment due to being
subthreshold or at tolerance for a majority
of the participants respectively. These variables were tested using 2-by-2 mixed-model (between-group, within-time) analyses
of variance (ANOVAs), with time factors
of baseline and session 1. Carryover effects
for ﬁrst pain responses at 47°C and 49°C,
and temporal summation, were tested using 2-by-4 mixed-model (between-group,
within-time) ANOVAs, with time factors
of baseline, sessions 1 and 9, and 1 week
after session 9. Changes in neurodynamic
testing elbow ROM measures and sensory
descriptor ratings were tested using separate 2-by-3 mixed-model (between-group,
within-time) ANOVAs, with time factors
of baseline, session 9, and 1 week after session 9.

10

*

5

0
–5

–10

–15

–20

Temporal
Summation

First Pain
Response (47°C)
NM

First Pain
Response (49°C)

Sham NM

<?=KH;*$Immediate within session A-delta and C-ﬁber mediated pain change for induced pain. Abbreviations:
NM, neural mobilization; NRS, numerical rating scale (potential range, 0-100). Negative numbers indicate an
increase in pain (hyperalgesia). Error bars are 2 standard errors. *Signiﬁcant group-by-time interaction for
temporal summation hypoalgesia (P = .032).

ings, and were also signiﬁcantly correlated with the thermal pain sensitivity
measures used as dependent variables
(r2 = 0.106 to 0.376). Therefore, threshold and tolerance ratings were used as
covariates for the thermal pain sensitivity analyses. Mean measures for thermal
pain sensitivity ratings, elbow extension
ROM, and sensory descriptor ratings
during their respective testing sessions
are summarized in J78B;I( and ).

J^[hcWbFW_dI[di_j_l_jo
?cc[Z_Wj[;÷[Yji
There were no signiﬁcant group-by-time
interactions for ﬁrst pain hypoalgesia at
either 47°C (F1,58 = 0.961, P = .331, partial
I2 = 0.016) or at 49°C (F1,58 = 0.641, P =
.427, partial I2 = 0.011). There was, however, a main effect for time at 49°C (F1,58
= 5.23, P = .026, partial I2 = 0.083), with
both the participants in the NM group
(mean  SD NRS rating, 5.2  15.1) and
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those in the sham NM group (NRS rating, 8.5  14.0) demonstrating ﬁrst pain
hypoalgesia from baseline to session
1. In contrast, there was a signiﬁcant
group-by-time interaction for temporal
summation hypoalgesia (F1,58 = 4.84, P =
.032, partial I2 = 0.077) (<?=KH;*). Participants in the NM group demonstrated
inhibition of temporal summation (mean
 SD NRS rating for hypoalgesia, 4.8 
9.7), while participants in the sham NM
group demonstrated facilitation of temporal summation (NRS rating for hyperalgesia, –1.9  11.8).
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D[kheZodWc_YJ[ij_d];bXemHEC
There was a signiﬁcant group-by-time
interaction for elbow extension ROM
during neurodynamic testing (F1.587,87.290
= 6.734, P = .004, partial I2 = 0.109)
(<?=KH;+). Participants in the NM group
demonstrated increased ROM measures
(mean  SD elbow extension ROM, 8.6°
 17.2°), while participants in the sham
NM group demonstrated decreased
ROM measures (–5.7°  13.0°). These
group differences were observed at session 9 and maintained at the 1 week
postintervention carryover session.

D[kheZodWc_YJ[ij_d]I[dieho
:[iYh_fjehi
There were signiﬁcant group-by-time
interactions for changes in sensory descriptors (F1.836,102.791 = 4.360, P = .018,

*

*

Session 9

Carryover

150.0
145.0
140.0
135.0
130.0
125.0
120.0
115.0

Baseline

J^[hcWbFW_dI[di_j_l_jo
9Whhoel[h;÷[Yji

NM

Sham NM

<?=KH;+$Changes in elbow extension range of motion (ROM) by neural mobilization (NM) group. Full elbow
extension is 180°, therefore smaller values indicate less elbow extension. Error bars are 2 standard errors. *Signiﬁcant
group-by-time interaction for between-session elbow extension ROM during neurodynamic testing (P = .004).

5.0
4.5

Change in Rating of Sensation (VAS)

There were no signiﬁcant group-by-time
interactions for ﬁrst pain hypoalgesia at
either 47°C (F3,162= 0.300, P = .825, partial I2 = 0.006) or at 49°C (F2.556,137.999 =
1.100, P = .346, partial I2 = 0.020). In
addition, there were no signiﬁcant hypoalgesia main effects at either temperature. Similarly, there were no signiﬁcant
group-by-time interactions for temporal summation hypoalgesia (F2.636,142.366
= 2.152, P = .104, partial I2 = 0.038) or
main effects for temporal summation
hypoalgesia (F2.636,142.366 = 0.599, P = .595,
partial I2 = 0.011).

]

155.0

Elbow Extension ROM (deg)

[

4.0

*

*

Session 9

Carryover

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Baseline
NM

Sham NM

<?=KH;,$Changes in sensory description by neural mobilization (NM) group. Abbreviation: VAS, visual analog scale.
Increased values indicate increases in the combined average ratings of "stinging, tingling, tightness, sharpness, and
numbness" combined. Error bars are 2 standard errors. Signiﬁcant group-by-time interaction for sensory descriptors
duirng neurodynamic testing (P = .018).

partial I2 = 0.072) (<?=KH; ,). Participants in the NM group demonstrated
decreased ratings for sensory descriptors
(mean  SD VAS rating change, 0.6 
1.1), while participants in the sham NM
group demonstrated increased ratings
(–0.4  2.3). These group differences
were observed at session 9 and maintained at the 1 week postintervention
carryover session.
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J

his study investigated the immediate and carryover mechanistic
effects of NM on thermal pain sensitivity, ROM, and sensory descriptors
in asymptomatic participants. Overall,
our results suggest that NM utilizing a
tensioning technique had an immediate
hypoalgesic effect on C-ﬁber mediated
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pain perception via thermal pain sensitivity testing. Furthermore, NM by use
of tensioning techniques resulted in improvements in elbow extension ROM and
decreased intensity of speciﬁc sensory
descriptors during neurodynamic testing. This study contributes to the literature by documenting differences between
NM tensioning and sham NM intervention in these measures, suggesting that
the mechanistic effects of NM are potentially related to anatomical positions that
speciﬁcally stress neural and/or vascular
tissues, rather than nonspeciﬁc effects
such as expectation of beneﬁt.

D[khef^oi_ebe]_YWb;÷[Yji
Neurophysiological effects of spinal manipulation have been previously reported
in the literature.22,30,70 Our results in this
current study demonstrate that NM tensioning had an immediate hypoalgesic
effect on C-ﬁber mediated pain perception (temporal summation), but not on
A-delta ﬁber mediated pain perception.
This is an interesting ﬁnding because
the inhibition of temporal summation is
similar to what we have observed in studies of spinal manipulation in asymptomatic participants.4,30 In this current study,
temporal summation was used as a proxy
measure of “wind-up,” which is deﬁned as
dorsal horn centralization resulting from
tonic, peripheral nociceptive input.49
While direct measurement of wind-up is
not possible in human participants, temporal summation of thermal stimuli has
been reported to be an acceptable behavioral measure of this phenomenon.48
Enhanced temporal summation of Cﬁber mediated pain has been identiﬁed in
patients with painful conditions in comparison to healthy controls.41,60,61,63 Therefore, inhibition of temporal summation
is believed to have therapeutic value.5
Inhibition of temporal summation was
associated with NM in the current study,
suggesting a hypoalgesic mechanism for
NM tensioning techniques. Interestingly,
this hypoalgesic mechanism converges
with one from a previous study of spinal
manipulation.5

The immediate reductions in temporal
summation were detected during the ﬁrst
session only; however, there were no differences in C-ﬁber or A-delta mediated pain
perception at later treatment times. This
could indicate that the hypoalgesic effect
from NM may be short term, only. However, the fact that asymptomatic individuals were used in this study should also be
considered when interpreting the lack of
carryover hypoalgesic effects. Unlike individuals with musculoskeletal pain, asymptomatic individuals may have encountered
a ceiling effect in regard to their hypoalgesic responses. In other words, hypoalgesic
effects may not be expected to occur over
extended periods in asymptomatic individuals. In the absence of tissue injury
or inﬂammatory process, nociceptive responses experienced from thermal stimuli
may not exert the same physiological and
psychological responses as would occur in
the presence of actual tissue injury.

;÷[YjiedHECWdZI[dieho:[iYh_fjehi
The NM tensioning technique also resulted in improvements in ROM and sensory
descriptors at 3 weeks and the carryover
assessment. Coppieters et al13 has indirectly conﬁrmed the speciﬁcity of the
neurodynamic test for the median nerve,
thus suggesting the nervous system is the
limiting factor during this test. As the NM
tensioning technique utilized in this study
shares similar characteristics to the neurodynamic test, a plausible explanation may
be that increased elbow ROM measures
were the result of longitudinal elongation
of the nerve bed.16 Additionally, the possibility that these ﬁndings were the result
of nonneural effects (eg, musculoskeletal
tissue) cannot be ruled out.

I^WcJ[Y^d_gk[
Overall, sham techniques for the study of
manual therapy are limited in the literature and, as a result the nonspeciﬁc effects
of manual therapy, have not been well
described.33,40 The key aspect of a sham
technique is that it resembles the actual
treatment as closely as possible, without
actually including the speciﬁc active com-

ponent.28,33 Our study provides evidence
that the NM tensioning techniques and
sham NM share therapist handling, but
differ on responses related to temporal
summation, ROM changes, and sensory
descriptor modiﬁcation. These data provide promising preliminary evidence that,
although similar in appearance, there are
key differences in the “active” agents of
the 2 NM treatments included in this
study. Therefore, the described sham NM
may provide the potential to investigate
speciﬁc versus nonspeciﬁc effects in future clinical studies.33

B_c_jWj_edi
The primary limitation of this study was
the differences in the sham and NM tensioning techniques. Our NM tensioning
technique included active cervical motion, while the sham NM technique did
not. Given this, we were unable to determine the actual mechanism through
which the hypoalgesic changes occurred,
as hypoalgesia has been immediately induced in symptomatic individuals using
cervical spine mobilization in partial neurodynamic testing positions70 and following a craniocervical ﬂexion coordination
exercise.44 Nonetheless, the difference between the subjects receiving the NM tensioning and those in the sham NM group
suggests that hypoalgesic effects may be
related to the application of some component of the NM tensioning technique and
not to nonspeciﬁc factors like expectation
of symptom relief.
Another difference due to the inclusion of cervical movement in the NM
technique alone was that the 2 techniques
differed in dosage parameters, with the
NM receiving more mobilization time.
The results of a recently updated systematic review have suggested that there
is limited evidence of beneﬁt for active
ROM cervical exercises and emphasized
the need for phase 2 trials to identify the
most effective dosage parameters.35 Nevertheless, we acknowledge differences in
dosage parameters as potential limitations in this study.
Another limitation is that asymptom-
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[
atic individuals were recruited for this
study. Therefore, similar ﬁndings in symptomatic individuals may not occur. Also, it
was impossible to determine if changes in
pain perception, ROM, and sensory descriptor ratings were clinically relevant.
This study recruited asymptomatic participants and utilized an induced pain
protocol, with the goal of investigating potential mechanisms of NM by utilizing a
sham controlled design. Determining the
clinical effectiveness of NM by use of tensioning techniques was not a primary goal
of this study. Additional sensory descriptors reported by symptomatic individuals could have been utilized in this study,
including “pulling,”57 “pins and needles,”57
“stretch,”36 and “ache,”36 which is another
potential limitation of this study.
A ﬁnal limitation of this study is the
use of a quasi-experimental design. Quasi-experimental designs are inferior to
randomized designs in respect to assumptions made regarding internal validity.66
Considering that we observed baseline
differences in the treatment groups, a
true experimental design would have
been a stronger methodological choice.
For example, the lack of investigator
blinding may have inﬂuenced neurodynamic testing outcomes and could have
been addressed if blinding was implemented in this study. Additionally, participants’ expectation of symptom relief
prior to intervention was not monitored.
This factor may have inﬂuenced thermal
pain sensitivity and neurodynamic sensory descriptor ratings.4

<kjkh[IjkZo
Future studies should involve patients
with neck and/or upper extremity symptoms and incorporate experimental designs to minimize systematic variation.27
These future studies should also include
clinically relevant outcome measures
and longer follow-up times than 1 week.
Another possibility for future study is
to include a true control group to assess
the natural history of clinical conditions.
The use of a true control group will allow
investigators to analyze the “absolute” ef-
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fectiveness of NM in relation to speciﬁc
and sham comparison techniques.33 Last,
future studies involving symptomatic participants should consider modiﬁcation of
the sham NM technique to better match
the NM technique on cervical motion (ie,
including ipsilateral cervical lateral ﬂexion) and dosage parameters.

9ED9BKI?EDI

J

his study suggests immediate
differences in temporal summation
and 3-week differences in ROM and
sensory descriptors when comparing NM
utilizing tensioning techniques and sham
NM techniques for a cohort of asymptomatic individuals. The results provide
information on potential mechanisms associated with NM tensioning techniques
and describe a sham NM technique that
could potentially be used in future clinical studies. T

A;OFE?DJI
<?D:?D=I0 NM utilizing tensioning tech-

niques had an immediate effect on temporal summation, similar to what has
been observed in spinal manipulation,
suggesting mechanism of action may
be inhibition at the dorsal horn. Also,
elbow extension ROM and sensory descriptors differed and were maintained
over the 4-week study period.
?CFB?97J?ED0 NM tensioning techniques
have measurable differences when compared to sham NM in several measures.
97KJ?ED0 The study involved asymptomatic individuals and nonrandomized
treatment assignment. As a result, these
results are focused on describing potential mechanisms of NM tensioning, not
clinical effectiveness of NM tensioning
or other NM techniques (eg, sliding).
Reproduction of this study in a sample
of symptomatic individuals utilizing a
randomized experimental design will
have a larger impact on clinical practice.
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