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Abstract

Objective. To determine the immediate effect of neural tension technique (NTT) on conditioned pain modulation in
patients with chronic neck pain. A secondary objective was to determine the immediate effect of neural tensioner tech-
nique on pain intensity and cervical range of movement. Design. Randomized clinical trial. Setting. University medical
center. Subjects. Fifty-four patients with neck pain (13 males and 41 females; mean= SD age = 20.91 = 2.64 years) were
randomly allocated to two groups: NTT or sham technique. Methods. Participants received a visual analog scale (VAS)
and neck disability index (NDI) after inclusion. Conditioned pain modulation (CPM) and active cervical range of motion
were measured before and after the intervention. Each subject received one treatment session. Results. The results of
the analysis of variance revealed a significant effect for the group x time interaction only for CPM (F=11.09, P=0.002,
;7% =0.176). No significant interactions were found for the other measures (VAS [F=1.719, P=0.195, ng =0.031], pres-
sure pain threshold C2 [F=0.731, P=0.398, '1?, =0.018], flexion [F=0.176, P=0.677, nf, =0.003], extension [F=0.035,
P=0.852, 5 =0.001], lateral flexions [F=0.422, P=0.519, 75 =0.008], and rotations [F = 1.307 P=0.258, ;3 = 0.024]).
Regarding CPM, intergroup interaction differences were found postintervention (P=0.002) with a high effect size
(d=0.98). Conclusions. This study suggests that neural tension technique enhances immediate conditioned pain
modulation in patients with chronic neck pain, but not pain intensity or cervical range of movement.
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Introduction complaints in people older than age 15years, and the

Neck pain (NP) is ranked as the fourth greatest contribu-  one-year prevalence for NP is estimated to be 19.5%, af-
tor to global disability and the 21st in terms of overall ~ fecting more women than men (26.4% compared with
burden [1]. In Spain, NP is the fifth cause of chronic 12.3%, respectively) [2,3].
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In 20135, the Spanish National Health Service (SNHS)
allocated a total amount of €52,799,000 for rehabilita-
tion [3]. Treatments offered by the SNHS for chronic NP
are exercises, manual mobilization, thermotherapy, and
electrotherapy. Approximately half (50.82%) of these
treatments are considered ineffective, with inconclusive
evidence on effectiveness [4]. Thus, a better understand-
ing of the mechanisms underlying NP and pain modula-
tion is critical when developing a plan of care.

First, NP patients have shown alterations in pain proc-
essing that result in localized and widespread hypersensi-
tivity to mechanical stimuli compared with pain-free
controls [5,6]. Recent research concludes that symptoms
of central sensitization (CS) can be found to a greater ex-
tent in patients with chronic nonspecific NP with neuro-
pathic features, where negative biopsychosocial factors
are also involved [7]. However, a previous systematic re-
view showed a lack of evidence within nontraumatic NP
subjects [8]. In traumatic or whiplash-associated disor-
ders, features of CS, for example, both sensory hypersen-
sitivity (decreased pain thresholds) and hypoesthesia
(increased detection thresholds), can be found [9,10].

Second, conditioned pain modulation (CPM) is also
thought to be impaired in individuals with chronic pain
compared with healthy individuals [11]. Diffuse noxious
inhibitory control is an activation of the pain modulation
mechanisms that reflects the descending endogenous an-
algesia system activity. This is mediated by supraspinal
areas and networks located in the rostral brainstem, such
as the periaqueductal gray matter and the rostral ventro-
medial medulla [12,13]. In recent years, CPM has been
identified as a measure of great research importance for
its ability to modulate pain [14]. The most common way
to evoke CPM involves the application of a harmful con-
ditioned stimulus and a reliable test to evaluate it, for ex-
ample, the cold-pressor test [11]. Regarding NP, a recent
study showed that a preexisting impairment in CPM is a
risk factor to develop new-onset chronic NP [15]. This
impairment was also found in patients with chronic
whiplash-associated disorders [16,17]. Yet this dysfunc-
tion might not be present in chronic idiopathic NP [17],
or even in long-term NP [18]. Due to the small sample
size used and the lack of evidence in this regard, the cur-
rent evidence is not sufficient to draw firm conclusions.

The effect of physical therapy modalities, such as
TENS [19], and joint mobilization [20] on CPM have
shown positive results in patients with chronic pain. NM
in animal studies activates the descending inhibitory pain
system by means of serotoninergic and noradrenergic
pathways in the spinal cord [21]. In healthy human par-
ticipants, NM has proved to produce an immediate wide-
spread hypoalgesic effect vs placebo [22,23]. The NM
techniques, such as tensioning and gliding techniques,
aim to restore the mechanical relation of the nerve with
its connective tissue [24]. However, the effect of NM on
CPM in patients with chronic NP has not been studied
yet. We hypothesized that conditioned pain modulation

would become more effective following the application
of neural tensioner technique than a sham technique.

Thus, the purpose of this study was to determine the
immediate effect of neural tensioner technique on condi-
tioned pain modulation in patients with chronic neck
pain. A secondary objective was to determine the imme-
diate effect of neural tensioner technique on pain inten-
sity and cervical range of movement. In parallel, we
observed the influence of psychological variables on con-
ditioned pain modulation.

Methods

This is a randomized controlled clinical trial and was
conducted in accordance with the CONSORT statement
[25]. Patients were blinded to group assignment, and the
assessor was blinded to allocation. Randomization into
two groups (neural tension technique [NTT] and sham
technique [ST]) was performed using a computer-
generated random-sequence table with a two-balanced
block design (GraphPad Software, Inc., La Jolla, CA,
USA). A member of the research team who was not in-
volved in the assessment or treatment of the subjects was
in charge of the randomization and maintenance of the
list. The trial was registered in the US National Institutes
of Health Clinical Trials Registry with the registration
number NCT02816060.

Participants

Individuals with neck pain were enrolled from the Rey
Juan Carlos University Medical Center between June
2016 and November 2016 via recruitment flyers.
Individuals were included in the study if they met the fol-
lowing inclusion criteria: aged 18-65 years; neck pain
perceived in the posterior region of the cervical spine,
from the superior nuchal line to the first thoracic spinous
process with more than 12 weeks of evolution and with-
out radicular symptoms radiated to the head, trunk, and/
or the upper limbs [9]; and the ability to understand,
write, and speak Spanish fluently. They were excluded if
they presented: development of systemic or degenerative
diseases; symptoms of moderate or severe depression
according to Beck’s questionnaire [26]; pain in any area
of the lower back and/or the head in the last nine months;
neck pain associated with whiplash injuries; medical red
flag history (i.e., tumor, fracture, metabolic diseases,
rheumatoid arthritis, osteoporosis); neck pain with cervi-
cal radiculopathy; neck pain associated with externalized
cervical disc herniation, fibromyalgia syndrome, previous
neck surgery; neck pain accompanied by vertigo caused
by vertebrobasilar insufficiency or accompanied by non-
cervicogenic headaches due to a traumatic event in the
past 12 months; and history of neck or face pain in the
last six months. All of the procedures used in this study
were planned according to the ethical principles of the
Declaration of Helsinki and were approved by the Ethics
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Committee of Rey Juan Carlos University. All subjects
agreed voluntarily to sign the informed consent for this
study.

Procedure

Each subject came to the center for one day. The study
protocol was explained to the subject, after which they
read and signed an informed consent form. All measure-
ments were performed before and five minutes after the
subject received the treatment protocol. First, the partici-
pants received a visual analog scale (VAS) and Neck
Disability Index (NDI). CPM and active cervical range of
motion were also measured before the intervention.
Later, subjects received treatment for seven minutes: ei-
ther NTT or ST. Both interventions were applied at a fre-
quency of 0.5 Hz (with metronome control/steps) for two
minutes and repeated three times with 30 seconds of rest
time between each mobilization. The VAS, CPM, and ac-
tive cervical range of motion were also measured after
the intervention.

Measures

Conditioned Pain Modulation Assessment

As a primary outcome measure, CPM was tested using
the lower extremity submaximal effort tourniquet test,
which is a reliable and widely used measure in research
[14,27,28]. Initially, a baseline reading of pressure pain
threshold (PPT) was assessed using algometry at the dor-
sal aspect of the midpoint between the base of the nail
and the interphalangeal joint of the right thumb. The
PPT is defined as the lowest pressure that, using stan-
dardized testing conditions, needs to be applied to cause
the slightest sensation of pain [29]. PPTs were measured
using a digital algometer (FDX 25; Wagner Instruments,
Greenwich, CT, USA). After determining the PPT base-
line, the conditioning stimulus was induced using a modi-
fied submaximal effort tourniquet procedure. Subjects
elevated their left leg with ankle dorsiflexion for approxi-
mately one minute to obtain partial exsanguination,
whereupon the blood pressure cuff was inflated to 250-
260 mmHg. After that, subjects then caried out active
dorsiflexion exercises with their ischemic leg. After every
five repetitions, subjects verbally rated their leg pain until
6 was reached. Although the tourniquet remained in-
flated, PPT algometry assessment was performed in the
same location as previously described (kg/cm?).

Pressure Pain Threshold . PPT was measured by using
the same digital algometer previously described. An aver-
age of three measurements was calculated at three points
of the cervical spine (a summation was performed from
the measurements of the spinous process of C2, right pil-
lar joint of C5-C6, and left pillar joint of C5-C6). It
showed a high level of reliability with good interexa-
miner reliability (ICC=0.82-0.97) for cervical spine
pain [30,31].

Visual Analog Scale

The VAS is a 100-mm line, oriented horizontally, with
one end representing “no pain” and the other end repre-
senting “worst pain.” Subjects were asked to rate their
current pain with a mark on the scale [32].

Neck Disability Index . The NDI is a well-validated 10-
item questionnaire, with each item rated on a scale from
0 to 5. The sum of the 10 items gives a score between 0
and 50 [33,34]. The NDI has sufficient support in the lit-
erature as the most commonly used instrument for
reporting neck pain [33,35]; a Spanish validation of the
index was used [36]. The total score is expressed as a per-
centage of the maximum possible [36].

Active Cervical Range of Motion. Active cervical range
of motion was assessed with a CROM device
(Performance Attainment Associates, Lindstrom, MN,
USA). The CROM device consists of three inclinometers
(one for each plane of motion) attached to a plastic
frame. A standardized protocol was used to reduce po-
tential bias [37]. Patients were seated in a chair, and the
CROM device was placed over their head. The assessor
asked patients to perform active neck movements in max-
imum range. CROM measurements were taken before
and five minutes after treatment. Trials were completed
in the same order: flexion, extension, right rotation, left
rotation, right latero-flexion, and left latero-flexion.
Three measurements were performed in each direction,
and the average value was calculated. CROM has been
shown as a reliable measure for patients with neck pain
(ICC=0.88-0.96); the minimum detectable changes are
5.1° for extension, 6.5° for flexion, 4.9° for left rotation,
6.1° for right rotation, 4.2° for left lateral flexion, and
3.6° for right lateral flexion [38].

Confusion Measures

Pain Catastrophizing

The Spanish version [39] of the pain catastrophizing scale
(PCS) was used [40]. The PCS is a 12-item questionnaire
that measures three components of catastrophizing: mag-
nification, rumination, and helplessness. This version has
demonstrated appropriate internal consistency, test—
retest reliability, and sensitivity to change [39].

Kinesiophobia

To assess fear of movement and injury, the Tampa Scale
for Kinesiophobia (TSK) was used [41]. It has demon-
strated good psychometric properties [42]. A Spanish ver-
sion of the TSK that has 11 items was used in the current
study [43].

State Trait Anxiety Inventory

To measure anxiety, the State Trait Anxiety Inventory
(STAI) was used. The STAI is a questionnaire consisting
of two subscales; each of the two subscales (trait anxiety
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Figure 1. Neural tensioner technique. A) Start position. B) Final position.

and state anxiety) consists of 20 items, scored from 0
(none) to 3 (very much) [44]. This questionnaire has
shown high convergent validity with other measures of
related anxiety [45].

Beck Depression Inventory

The Beck questionnaire is one of the most widely used
screening instruments for measuring the severity of de-
pression in patients. The Beck contains 21 items and
identifies symptoms and attitudes associated with depres-
sion. Each item is evaluated on a severity scale ranging
from 0 to 3, with a total score ranging from 0 to 63: 0—
10 on the BDI indicates absent or minimal depression,
10-18 mild to moderate depression, 19-29 moderate de-
pression, and 30-63 severe depression. This psychologi-
cal factor has been used before in patients with neck pain
[46-48].

Treatment Protocol

The treatment techniques were applied by a second
trained therapist with experience in manual therapy.
Each group received seven minutes of the assigned treat-
ment after the technique was explained to the subject.
The technique was performed at a frequency of 0.5Hz
(with metronome control/steps) for two minutes and re-
peated three times, with 30 seconds of rest between each
mobilization.

Neural Tensioner Technique Group

This group received a specific stretch to provide mechani-
cal stress across the median nerve. This technique had
two positions, start and end. It consisted of going from
one to the other position constantly, maintaining a con-
stant speed. In the start position, the subject was supine
lying on a couch with the following parameters: contra-
lateral cervical side bending, shoulder depression, shoul-
der abduction and external rotation to 90°, elbow flexion
to 90°, and forearm supination (Figure 1A) [49]. In the fi-
nal position, the therapist extended the elbow fully while
maintaining the positions of all the joints as described
above until the subjects felt tension (Figure 1B), then
returning to the start position. The therapist monitored

Figure 2. Sham technique. Only moving elbow flexion to exten-
sion and vice versa.

the subject to make sure they had no pain. In case of
reported pain, the flexion of the elbow was adapted to
nonpainful ranges.

Sham Technique Group

The control group received an ST with minimal mechani-
cal stress across the median nerve. Subjects were placed
in neutral cervical spine position with no shoulder de-
pression, shoulder abduction and external rotation to
45°, elbow extension to 45°, and forearm pronation
(Figure 2). This ST was used previously in patients with
carpal tunnel syndrome in a clinical trial [49]. This tech-
nique was passively repeated from elbow flexion to ex-
tension in the same way as the NTT group.

Sample Size

The CPM was chosen as the primary outcome measure.
The effect size f was calculated using a pilot study, and
the CPM outcome was calculated to be 0.25. Using the
software G*power 3 [50], for analysis of variance
(ANOVA) repeated measures, within—between factors,
with a power of 0.95, and an alpha level of 0.03, a total
of 54 subjects was estimated. Dropout rate was not taken
into account because the study design was to evaluate the
immediate effects.

Data Analysis
The statistical package SPSS 21.0 (SPSS Inc, Chicago,
IL, USA) was used for analysis of all data. The
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(N =63)

Assessed for eligibility

Excluded (N =9)

e Did not meet the inclusion

4

criteria (N = 6)
e Declined to participate (N = 3)

Randomized (N = 54)

|

Allocated to intervention (N = 27)

Received neural tensioner technique (N = 27)

Did not receive allocated intervention (N = 0)

)

Allocated to intervention (N = 27)

Received sham technique (N = 27)

Did not receive allocated intervention (N = 0)

v

Lost to follow-up (N = 0)

Y
Analyzed (N = 27)

Excluded from analysis (N = 0)

Figure 3. Consort flow diagram.

Kolmogorov-Smirnov test was used, and the entire sam-
ple had a normal distribution (P > 0.05). Descriptive sta-
tistics are presented as means = SDs. For categorical
variables, the chi-square test was used. Two-way
repeated-measures ANOVA were used to compare con-
tinuous outcome variables. The factors analyzed were
group (NTT group and ST group) and time (baseline and
post-treatment). The time x group interaction, which
tests the hypothesis of interest, was also analyzed. Partial
eta-squared (nfz)) was calculated as a measure of effect
size (strength of association) for each main effect and in-
teraction in the ANOVAs: 0.01-0.059 represented a
small effect, 0.06-0.139 a medium effect, and >0.14 a
large effect [51]. Post hoc analysis was performed in the
case of significant ANOVA findings with Bonferroni cor-
rection for multiple comparisons between variables.
Effect sizes (d) were calculated according to Cohen’s
method, in which the magnitude of the effect was classi-
fied as small (0.20-0.49), medium (0.50-0.79), or large
(0.8) [52]. The o level was set at 0.05 for all tests, and the
confidence interval (CI) was set to 95% [52].

Additionally, psychological variables and CPM were
included as covariates in two-way repeated-measures
analyses of covariance (ANCOVA) using the same 2x2
ANOVA model described above.

A4

Lost to follow-up (N = 0)

Analyzed (N = 27)

Excluded from analysis (N = 0)

Results

Fifty-four subjects with chronic neck pain were included
in this study. No subjects dropped out during the study;
the flow chart of the subjects is represented in Figure 3.
The mean= SD for age was 20.91 = 2.64 years, and for
duration of pain, it was 28.27=+ 24.92 months. There
were no significant differences in sex, weight, or height
between the study groups (P > 0.05); although a statisti-
cally significant difference was found for age (P = 0.006),
the NTT group was older. All demographic characteris-
tics between groups are presented in Table 1. VAS and
cervical range of movement pre- and postintervention
values are shown in Table 2.

The results of the ANOVA revealed a significant effect
for the group x time interaction only for CPM
(F=11.09, P=0.002, né =0.176). No significant main
effects were found for the other measures (VAS
[F=1.719, P=0.195, n2=0.031, PPT C2
[F=0.731, P=0.398, nf) =0.018], flexion [F=0.176,
P=0.677, nf) =0.003], extension [F=0.035, P=0.852,
nf) =0.001], lateral flexions [F=0.422,
P=0.519, nf) =0.008], and rotations [F=1.307 P =0.258,
né =0.024]). Regarding the results of CPM, intergroup
interaction differences were found postintervention
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Table 1. Baseline participant characteristics

NTT Group ST Group
(N=27) (N=27) P Value
Age, y 21.83 £3.16 19.93+1.43 <0.01*
Sex M/F (female %) 4/23 (85.2) 9/18 (66.7) 0.11
Duration of pain, mo 32.10%26.31 24.15+23.04 0.23
CPM, kg/cm?® 0.04 £0.13 0.05 £0.12 0.78
NDI, 0-50 10.31+5.22 10.33%3.60 0.9
VAS, 0-100 mm 45.2+20.9 34.8+18.2 0.06
CROM, grades
Flexion 54.37+12.2 51.9+11.77 0.45
Extension 64.3+ 12.61 61.19+10.95 0.33
Lateral flexion 83.61+13.98 82.1+11.21 0.66

Rotation 115.89+16.18  112.23+15.46 0.39
Psychological measures

PCS, 12-84 12.60+9.25 13.40+8.15 0.73

TSK, 11-44 17.00x8.06 18.44+6.50 0.46

Anxiety state, 0-60 16.79+8.84 17.03%+6.72 0.90

BDI, 0-63 6.41+4.46 6.55%3.56 0.89

Values are presented as mean =+ standard deviation.

Beck = Beck Depression Inventory; CPM = conditioned pain modulation;
CROM = cervical range of motion; NDI = Neck Disability Index; NTT =
neural tension technique group; PSC = pain catastrophizing scale; ST = sham
technique group; TSK = Tampa Scale of Kinesiophobia; VAS = visual analog
scale.

*P <0.01.

Table 2. Visual analog scale and cervical range of movement
pre- and postintervention

Pre-intervention,  Postintervention,
Group  Mean = SD Mean *= SD
VAS, 0-100 mm NTT 45.2+20.9 31.7£21.3
ST 34.8£18.2 27.1£19.1
CROM, grades
Flexion NTT 54.36+12.20 52.66%10.16
ST 51.90+11.76 49.41£11.07
Extension NTT 64.29+12.61 63.51+10.82
ST 61.18+10.94 60.83+10.58
Lateral flexion NTT 83.60+13.97 85.28+14.27
ST 82.09+11.20 82.22+12.12
Rotation NTT 115.88+16.18 120.43£10.83
ST 112.23£15.45 113.40£14.70

NTT = neural tension technique group; ST = sham technique group; VAS

= visual analog scale.

(P=0.002) in favor of the NTT group, with a high effect
size (d =10.98); these results are presented in Table 3.

Conditioned Pain Modulation and Interaction with
Psychological Factors

Repeated-measures ANCOVA did not show significant
interaction between covariable and time for catastrophiz-
ing (F=1.556, P=0.21, n;=0.030), kinesiophobia
(F=1.654, P=0.20, n2=0.031), anxiety (F=1.930,
P=0.17, né =0.036), or depression (F=1.095,

P=0.30, nﬁ =0.021). Descriptive data are presented in
Table 1.

Discussion

The aim of this study was to determine the immediate ef-
fect of neural tensioner technique on endogenous analge-
sia mediated by CPM in subjects with chronic neck pain.
Our results showed significant differences in CPM after
treatment between NTT and ST groups, with a large ef-
fect size; the neural stretching enhanced CPM in patients
with chronic neck pain. To the authors’ knowledge, this
is the first study that explores the influence of neural ten-
sioner technique on CPM in patients with chronic neck
pain, and our findings may contribute to a better under-
standing of the immediate effects of the technique. The
literature clarifies that endogenous pain modulation is al-
tered in subjects suffering from chronic pain [27,28].
Also, evidence shows positive findings in patients with
osteoarthritis of the knee, in terms of improvement in en-
dogenous pain modulation, when performing a surgical
treatment [27].

Regarding the effects of physical therapy, evidence
exists for enhanced CPM through different treatments
such as TENS or manual therapy [20,53]. Furthermore,
there is evidence for decreased temporal summation (im-
proving pain modulation) after the mobilization of the
median nerve in carpal tunnel syndrome [49].
Neurodynamic research with asymptomatic subjects
showed that neural gliding and neural stretching produce
a widespread hypoalgesic effect in comparison with pla-
cebo [23]. Besides, there is evidence that neural mobiliza-
tion techniques provide immediate clinically relevant
benefits with no evidence of harmful effects [54]. Our
results are in line with recent research, as the NTT group
demonstrated better outcomes. However, the pain inten-
sity of the NP did not improve. The VAS mean of the
NTT group was slightly higher than that of the ST
(11.6 mm) group, and there were no statistically signifi-
cant differences between groups; also, postintervention,
both groups did not obtain statistical changes or clini-
cally important differences (between 20.9 and 57.5) [55].
This may be related directly to the fact that the subject
did not receive any technique on the cervical spine, just
observable arm movement. This is in line with a recent
study in which the neurophysiological effect only oc-
curred in the experimental treatment group and not in
the sham group [49]. Hence the authors can assume the
sham technique was well conducted. Also note that better
neurophysiological effect values were observed in the ex-
perimental group.

For cervical range of motion, no differences between
groups were observed. This may be due to the fact that
the technique was not focused directly on the cervical re-
gion joints, and the duration of the treatment was only
seven minutes. In the literature, there have been no stud-
ies that have isolated the neural techniques used in the
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Table 3. Mean and post hoc tests with Bonferroni correction for time x group interaction and time factor

Pre- intervention,

Postintervention, Mean Difference (95% CI);

Group Mean = SD Mean = SD Effect Size d
CPM, kg/cm?® ST 0.05*0.12 0.01x0.09 0.039 (-0.24 t0 0.102); 0.37
NTT 0.04+0.13 0.15+0.18 0.106 (0.167 to 0.046)*; 0.7

ST vs NNT postintervention

0.135 (0.054 to0 0.216)*; 0.98

CI = confidence interval; CPM = conditioned pain modulation; NTT = neural tension technique group; ST = sham technique group.

*P <0.01.

current study and also used the same measure of cervical
ROM. Furthermore, a recent study reported changes in
cervical ROM after a neural mobilization, but this study
also included cervical traction for two weeks [56].

From a psychological point of view, the sample was
homogeneous and there were no differences between
groups. This adds further support to the validity of the
study. Our results are supported by a recent meta-
analysis showing that anxiety, depression, and pain cata-
strophizing levels may not be associated with a less
efficacious diffuse inhibitory control system response
[57]. Our outcomes differ from those of other studies,
which have observed that the conditioning modulation
can be enhanced by positive expectations and attenuated
by negative expectations and increased stress levels
[58,59]. Furthermore, Hermans et al. [59] concluded that
younger age is related to better CPM. This could explain
the results of our study because most of the subjects were
young adults; therefore, psychological factors might not
have played an important role in influencing the func-
tioning of CPM.

This study had several limitations. First, the treatment
involved only one single session, and there was no long-
term evaluation; more sessions could provide more infor-
mation regarding whether the CPM improvement
remains over time. Second, the sample consisted of
mostly young adults; for this reason, the results of this
study cannot be extrapolated to all age groups, and fu-
ture studies must focus on an older age state. Third, the
CPM evaluation used was by tourniquet test for an eco-
nomic reason. A research study conducted in 2012 com-
paring the ischemic-tourniquet test with the cold pressor
test showed that the cold pressor test is a more reliable
procedure [11]. Also, the authors did not take into ac-
count the expectations of the subjects, and according to a
recent systematic review, this could influence the findings
as they concluded that positive expectations are related
to better conditioned pain modulation [59]. Finally, pro-
longed neurodynamic techniques seem to be more effec-
tive; therefore, the short duration of the treatment in this
trial (seven minutes) could be a reason for not finding
more significant outcomes [54]. Future research should
consider these limitations. This research can be helpful
for future studies that aim to evaluate the role of rehabili-
tation medicine approaches regarding the involvement of
CPM in clinical practice.

Conclusions

This study suggests that neural tension technique enhan-
ces immediate conditioned pain modulation in subjects
with chronic neck pain. The neural tension technique
was not superior to the sham technique in improving
immediate pain intensity and cervical range of
movement.

References

1. Hoy D, March L, Woolf A, et al. The global burden
of neck pain: Estimates from the global burden of dis-
ease 2010 study. Ann Rheum Dis 2014;73
(7):1309-15.

2. Ferndndez-de-las-Penas C, Herndndez-Barrera V,
Alonso-Blanco C, et al. Prevalence of neck and low
back pain in community-dwelling adults in Spain: A
population-based national study. Spine (Phila Pa
1976) 2011;36(3): E213-9.

3. Informe Anual del Sistema Nacional de Salud.
Ministerio de Sanidad, Servicios Sociales e Igualdad.
Spanish government. 2015: 211.

4. Serrano-Aguilar P, Kovacs FM, Cabrera-Herndndez
JM, Ramos-Goni JM, Garcia-Pérez L. Avoidable
costs of physical treatments for chronic back, neck
and shoulder pain within the Spanish National
Health Service: A cross-sectional study. BMC
Musculoskelet Disord 2011;12(1):287.

5. Sjors A, Larsson B, Persson AL, et al. An increased re-
sponse to experimental muscle pain is related to psy-
chological status in women with chronic non-
traumatic neck-shoulder pain. BMC Musculoskelet
Disord 2011;12(1):230.

6. Andersen JH, Kaergaard A, Frost P, et al. Physical,
psychosocial, and individual risk factors for neck/
shoulder pain with pressure tenderness in the
muscles among workers performing monotonous,
repetitive work. Spine (Phila Pa 1976) 2002;27(6):
660-7.

7. Lbépez-de-Uralde-Villanueva 1, Beltran-Alacreu H,
Ferndndez-Carnero J, Gil-Martinez A, La Touche R.
Differences in neural mechanosensitivity between
patients with chronic nonspecific neck pain with and
without neuropathic features. A descriptive cross-
sectional study. Pain Med 2016;17:136-48.

220z Asenuer g0 uo 1senb Aq /91.540S/.2Z1/9/02/3191e/auiolpawuled/woo dno-olwspese//:sdny woJj papeojumoq



1234

Fernandez-Carnero et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Malfliet A, Kregel J, Cagnie B, et al. Lack of evidence
for central sensitization in idiopathic, non-traumatic
neck pain: A systematic review. Pain Physician 2015;
18(3):223-36.

Merksey H, Bogduk N. Classification of Chronic
Pain. Descriptions of Chronic Pain Terms. Vol. 2. 2nd
ed. TASP Press; 1994.

Chien A, Sterling M. Sensory hypoaesthesia is a fea-
ture of chronic whiplash but not chronic idiopathic
neck pain. Man Ther 2010;15(1):48-53.

Lewis GN, Heales L, Rice DA, Rome K, McNair P]J.
Reliability of the conditioned pain modulation para-
digm to assess endogenous inhibitory pain pathways.
Pain Res Manag 2012;17(2):98-102.

Villanueva L. Diffuse Noxious Inhibitory Control
(DNIC) as a tool for exploring dysfunction of endoge-
nous pain modulatory systems. Pain 2009;143
(3):161-2.

Yarnitsky D, Arendt-Nielsen L, Bouhassira D, et al.
Recommendations on terminology and practice of
psychophysical DNIC testing. Eur ] Pain 2010;14
(4):339.

Pud D, Granovsky Y, Yarnitsky D. The methodology
of experimentally induced diffuse noxious inhibitory
control (DNIC)-like effect in humans. Pain 2009;144
(1-2):16-9.

Shahidi B, Curran-Everett D, Maluf KS. Psychosocial,
physical, and neurophysiological risk factors for
chronic neck pain: A prospective inception cohort
study. J Pain 2015;16(12):1288-99.

Daenen L, Nijs J, Roussel N, et al. Dysfunctional pain
inhibition in patients with chronic whiplash-
associated disorders: An experimental study. Clin
Rheumatol 2013;32(1):23-31.

Scott D, Jull G, Sterling M. Widespread sensory hy-
persensitivity is a feature of chronic whiplash-
associated disorder but not chronic idiopathic neck
pain. Clin J Pain 2005;21(2):175-81.

Mlekusch S, Schliessbach J, Cdmara RJA, et al. Do
central hypersensitivity and altered pain modulation
predict the course of chronic low back and neck pain?
Clin J Pain 2013;29(8):673-80.

Dailey DL, Rakel BA, Vance CGT, et al.
Transcutaneous electrical nerve stimulation reduces
pain, fatigue and hyperalgesia while restoring central
inhibition in primary fibromyalgia. Pain 2013;154
(11):2554-62.

Courtney CA, Steffen AD, Ferndndez-de-Las-Penas
C, Kim J, Chmell SJ. Joint mobilization enhances
mechanisms of conditioned pain modulation in indi-
viduals with osteoarthritis of the knee. J Orthop
Sports Phys Ther 2016;46(3):168-76.

Santos FM, Silva JT, Giardini AC, et al. Neural mobili-
zation reverses behavioral and cellular changes that char-
acterize neuropathic pain in rats. Mol Pain 2012;8:57.
Villafafie JH, Bishop MD, Fernandez-de-las-Penas C,
Langford D. Radial nerve mobilisation had bilateral

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

sensory effects in people with thumb carpometacarpal
osteoarthritis: A randomised trial. ] Physiother 2013;
59(1):25-30.

Beltran-Alacreu H, Jiménez-Sanz L, Fernindez
Carnero J, La Touche R. Comparison of hypoalgesic
effects of neural stretching vs neural gliding: A ran-
domized controlled trial. ] Manipulative Physiol Ther
2015;38(9):644-52.

Coppieters MW, Butler DS. Do “sliders” slide and
“tensioners” tension? An analysis of neurodynamic
techniques and considerations regarding their appli-
cation. Man Ther 2008;13(3):213-21.

Cobos-Carb6 A, Augustovski F. [CONSORT 2010
Declaration: updated guideline for reporting parallel
group randomised trials]. Med Clin (Barc). 20115137
(5):213-5.

Sanz J, Vdazquez C. Adaptacion espanola del
Inventario para la Depresién de Beck-II (BDI-II):
Propiedades psicométricas en poblacién general.
Clinica y Salud 2003;14:249-80.

Kosek E, Ordeberg G. Lack of pressure pain modula-
tion by heterotopic noxious conditioning stimulation
in patients with painful osteoarthritis before, but not
following, pain relief. Pain 2000;88
(1):69-78.

Yarnitsky D. Conditioned pain modulation (the dif-
fuse noxious inhibitory control-like effect): Its rele-
vance for acute and chronic pain states. Curr Opin
Anaesthesiol 2010;23(5):611-5.

Fischer AA. Pressure algometry over normal muscles.
Standard values, validity and reproducibility of pres-
sure threshold. Pain 1987;30(1):115-26.

Walton DM, Macdermid JC, Nielson W, et al.
Reliability, standard error, and minimum detectable
change of clinical pressure pain threshold testing in
people with and without acute neck pain. J] Orthop
Sports Phys Ther 2011;41(9):644-50.

Chesterton LS, Sim J, Wright CC, Foster NE.
Interrater reliability of algometry in measuring pres-
sure pain thresholds in healthy humans, using multi-
ple raters. Clin J Pain 2007;23(9):760-6.

Misailidou V, Malliou P, Beneka A, Karagiannidis A,
Godolias G. Assessment of patients with neck pain: A
review of definitions, selection criteria, and measure-
ment tools. ] Chiropr Med 2010;9(2):49-59.

Vernon H. The Neck Disability Index: State-of-the-
art, 1991-2008. ] Manipulative Physiol Ther 2008;31
(7):491-502.

Vernon H, Mior S. The Neck Disability Index: A
study of reliability and validity. ] Manipulative
Physiol Ther 1991;14(7):409-15.

MacDermid JC, Walton DM, Avery S, et al.
Measurement properties of the Neck Disability
Index: A systematic review. J Orthop Sports Phys
Ther 2009;39(5):400-17.

Andrade Ortega JA, Delgado Martinez AD, Almécija
Ruiz R. Validation of the Spanish version of the Neck

surgical

220z Aenuep €0 uo 1senb Aq /91.510G/.2Z1/9/0Z/3191ue/auinipawuled/woo dno-oiwepeoe//:sdny wolj papeojumoq



Neural Tension Effects

1235

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Disability Index. Spine (Phila Pa 1976) 2010;35
(4):E114-8.

Audette I, Dumas J-P, Coté JN, De Serres S]J. Validity
and between-day reliability of the cervical range of
motion (CROM) device. J Orthop Sports Phys Ther
2010;40(5):318-23.

Fletcher JP, Bandy WD. Intrarater reliability of CROM
measurement of cervical spine active range of motion in
persons with and without neck pain. ] Orthop Sports
Phys Ther 2008;38(10):640-5.

Garcia Campayo J, Rodero B, Alda M, et al.
Validation of the Spanish version of the pain cata-
strophizing scale in fibromyalgia [in Spanish]. Med
Clin (Barc) 2008;131(13):487-92.

Sullivan M, Bishop S, Pivik J. The pain catastrophiz-
ing scale: Development and validation. Psychol
Assess 1995;7(4):524-32.

Miller R, Kori S, Todd D. The Tampa Scale. 1991.
https://www.whria.com.au/wp-content/uploads/2015/
03/TAMPA.pdf.

Roelofs J, Goubert L, Peters ML, Vlaeyen JWS,
Crombez G. The Tampa Scale for Kinesiophobia:
Further examination of psychometric properties in
patients with chronic low back pain and fibromyal-
gia. Eur J Pain 2004;8(5):495-502.

Gomez-Pérez L, Lépez-Martinez AE, Ruiz-Parraga
GT. Psychometric properties of the Spanish version of
the Tampa Scale for Kinesiophobia (TSK). J Pain
2011;12(4):425-35.

Guillén-Riquelme A, Buela-Casal G. Psychometric re-
vision and differential item functioning in the State
Trait Anxiety Inventory (STAI) [in Spanish].
Psicothema 2011;23:510-5.

Bieling PJ, Antony MM, Swinson RP. The State-Trait
Anxiety Inventory, Trait version: Structure and content
re-examined. Behav Res Ther 1998;36(7-8):777-88.
Borsbo B, Peolsson M, Gerdle B. Catastrophizing, de-
pression, and pain: Correlation with and influence on
quality of life and health—a study of chronic
whiplash-associated disorders. J] Rehabil Med 2008;
40(7):562-9.

Mantyselkd P, Lupsakko T, Kautiainen H, Vanhala
M. Neck-shoulder pain and depressive symptoms: A
cohort study with a 7-year follow-up. Eur J Pain
2010;14(2):189-93.

Yalcinkaya H, Ucok K, Ulasli AM, et al. Do male and
female patients with chronic neck pain really have

49.

50.

S1.

52.

53.

54.

55.

S6.

57.

58.

59.

different health-related physical fitness, depression,
anxiety and quality of life parameters? Int ] Rheum
Dis 2017;20(9):1079-108.

Bialosky JE, Bishop MD, Price DD, et al. A random-
ized sham-controlled trial of a neurodynamic tech-
nique in the treatment of carpal tunnel syndrome. J
Orthop Sports Phys Ther 2009;39(10):709-23.

Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power
3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav
Res Methods 2007;39(2):175-91.

Cohen J. Eta-squared and partial eta-squared in fixed
factor ANOVA designs. Educ Psychol Meas 1973;33
(1):107-12.

Cohen J. Statistical Power Analysis for the Behavioral
Sciences. 2nd ed. Hillsdale, NJ: Lawrence Earlbaum
Associates; 1988.

DeSantana JM, Walsh DM, Vance C, Rakel BA,
Sluka KA. Effectiveness of transcutaneous electrical
nerve stimulation for treatment of hyperalgesia and
pain. Curr Rheumatol Rep 2008;10(6):492-9.

Nee R]J, Vicenzino B, Jull GA, Cleland JA,
Coppieters MW. Neural tissue management provides
immediate clinically relevant benefits without harm-
ful effects for patients with nerve-related neck and arm
pain: A randomised trial. J Physiother 2012;58(1):
23-31.

Emshoff R, Bertram S, Emshoff I. Clinically impor-
tant difference thresholds of the visual analog scale: A
conceptual model for identifying meaningful intrain-
dividual changes for pain intensity. Pain 2011;152
(10):2277-82.

Kannabiran B. Neural mobilization for brachial neural-
gia among Cellulo-Teno Periosteo Myalgic Syndrome
(CTPMS) patients. MOJ Orthop Rheumatol 2015;2
(1):1-6.

Nahman-Averbuch H, Nir R-R, Sprecher E,
Yarnitsky D. Psychological factors and conditioned
pain modulation. Clin ] Pain 2016;32(6):541-54.
Bjorkedal E, Flaten MA. Expectations of increased
and decreased pain explain the effect of conditioned
pain modulation in females. J Pain Res 2012;5:
289-300.

Hermans L, Van Oosterwijck J, Goubert D, et al.
Inventory of personal factors influencing conditioned
pain modulation in healthy people: A systematic liter-
ature review. Pain Pract 2016;16(6):758-69.

220z Aenuep €0 uo 1senb Aq /91.510G/.2Z1/9/0Z/3191ue/auinipawuled/woo dno-oiwepeoe//:sdny wolj papeojumoq


https://www.whria.com.au/wp-content/uploads/2015/03/TAMPA.pdf
https://www.whria.com.au/wp-content/uploads/2015/03/TAMPA.pdf

	pny115-TF1
	pny115-TF2
	pny115-TF3
	pny115-TF4
	pny115-TF5
	pny115-TF6

