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Short-term changes in median nerve neural tension after a suboccipital
muscle inhibition technique in subjects with cervical whiplash: a

randomised controlled trial�
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bstract

bjectives  To assess the immediate effect of a suboccipital muscle inhibition (SMI) technique on: (a) neck pain, (b) elbow extension range
f motion during the upper limb neurodynamic test of the median nerve (ULNT-1), and (c) grip strength in subjects with cervical whiplash;
nd determine the relationships between key variables.
esign  Randomised, single-blind, controlled clinical trial.
etting  Faculty of Nursing, Physiotherapy and Podiatry, University of Seville, Spain.
articipants  Forty subjects {mean age 34 years [standard deviation (SD) 3.6]}  with Grade I or II cervical whiplash and a positive response

o the ULNT-1 were recruited and distributed into two study groups: intervention group (IG) (n  = 20) and control group (CG) (n  = 20).
nterventions  The IG underwent the SMI technique for 4 minutes and the CG received a sham (placebo) intervention. Measures were collected
mmediately after the intervention.

ain  outcome  measures  The primary outcome was elbow range of motion during the ULNT-1, measured with a goniometer. The secondary
utcomes were self-perceived neck pain (visual analogue scale) and free-pain grip strength, measured with a digital dynamometer.
esults  The mean baseline elbow range of motion was 116.0◦ (SD 10.2) for the CG and 130.1◦ (SD 7.8) for the IG. The within-group

omparison found a significant difference in elbow range of motion for the IG [mean difference −15.4◦, 95% confidence interval (CI) −20.1
o −10.6; P  = 0.01], but not for the CG (mean difference −4.9◦, 95% CI −11.8 to 2.0; P  = 0.15). In the between-group comparison, the
ifference in elbow range of motion was significant (mean difference −10.5◦, 95% CI −18.6 to −2.3; P  = 0.013), but the differences in grip
trength (P  = 0.06) and neck pain (P  = 0.38) were not significant.

onclusion  The SMI technique has an immediate positive effect on elbow extension in the ULNT-1. No immediate effects on self-perceived

ervical pain or grip strength were observed.
 2013 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

eywords: Whiplash injuries; Median nerve; Manipulation, Spinal; Pain

c
ntroduction
Cervical whiplash injury is a common disorder, mainly
efined by persistent neck and upper limb pain. Following
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ervical whiplash, neck pain can radiate to the spinal cord
oots and has been linked with slight changes in median nerve
unction [1]. Cervical whiplash may also influence inter-
ertebral discs, muscles, facet joints and ligaments, which
ay irritate surrounding nerve roots [2]. Therefore, neural
esponses and dysesthetic pain can appear in the absence of
pparent nerve fibre or tissue damage [3].

Upper limb neurodynamic tests (ULNTs) are used to
ssess the functionality of the brachial plexus and to

hed by Elsevier Ltd. All rights reserved.
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iagnose peripheral neuropathic pain [4]. A pathological
esponse to the ULNT of the median nerve (ULNT-1) is
ased on reproduction of the patient’s symptoms, along with
he presence of resistance to movement and decreased elbow
oint range of motion at pain onset or pain tolerance [4].
ence, mechanosensitivity of the median nerve can be eval-
ated by detecting differences in elbow range of motion [5].
n addition, an abnormal response to the ULNT-1 has been
inked to increased protective muscle activity in the cervical
egion and restrained joint movement to avoid overextensibil-
ty of neural tissue [6]. The involvement of sensitive cervical
erve tissues is present in 89% of subjects suffering persis-
ent arm pain and paresthesia in chronic cervical whiplash
7]. Irritation of the brachial plexus, with constant diffuse
ain and/or paraesthesia in the upper limb, was observed in
8% of subjects suffering from cervical whiplash between 1
nd 12 weeks after the injury [8].

Lowered pain thresholds have been reported locally in the
erve trunks in the upper extremities, and distal to the injured
rea in subjects with chronic cervical-whiplash-associated
isorders [9]. This finding suggests that local diffuse neck
ain in cervical whiplash is related, in part, to sensitisation
f the cervical nerve roots, but also to a central sensitisation
rocess that may affect distal areas (e.g.  wrist) where no tissue
amage is required to provoke pain and alter functionality
9]. Grip strength has been included as a tool to measure
unctional capacity in cervical whiplash [10]. Entrapment of
he median nerve in the carpal tunnel has been suggested as
n associated component to the chronic pain of the upper limb
n patients with cervical whiplash [11]. Furthermore, reduced

ovement of the median nerve has been reported proximal
o the carpal tunnel in subjects with non-specific arm pain
12]. To the best of the authors’ knowledge, this is the first
tudy to report the effect of manual therapy on grip strength
n patients with cervical whiplash.

Myofascial induction aims to relax muscular excitability,
hich may be linked to the perpetuation of central sensitisa-

ion in cervical whiplash [13]. It has also been shown to have a
ositive impact on joint range of motion [14], pain relief [15]
nd overall physical function [16]. This study hypothesised
hat a suboccipital muscle inhibition (SMI) procedure would
educe the muscle guarding in this region in patients with
ervical whiplash. Therefore, the objective of this study was
o assess the immediate effect of the SMI technique on the
ubject’s response to the ULNT-1, self-perceived neck pain
nd grip strength, and determine the relationship between key
ariables.

aterials  and  methods

esign  and  randomisation  procedure
A randomised [using a randomised number table designed
y an Internet website (randomized.com)], single-blind (no
elationship between the evaluator and the therapist in charge

d
p
C
t
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f the intervention, also see ‘Blinding’ section) controlled
linical trial was undertaken. An external consultant pre-
ented access to the sequence for those participating in the
tudy.

linding

Before randomisation, all participants were informed of
he general aspects of the trial (possible benefits, risks, side
ffects of assessments and interventions, and that different
ypes of treatments would be compared). Subjects and eval-
ators, who collected or analysed data, were unaware of the
reatment allocation group.

ampling  process

The subjects were selected according to non-probabilistic
onvenience sampling techniques. The results of a previous
ilot study [17] were analysed using the program Ene 2.0
Universidad Autónoma de Barcelona, Spain). Taking into
ccount a one-tailed hypothesis, a sample size of 17 subjects
er group was necessary for a mean between-group differ-
nce in elbow range of motion of 5◦, an α  value of 0.05 and
tatistical power of 90%.

nclusion  and  exclusion  criteria

The inclusion criteria for participants were: (a) age 18
o 55 years; (b) medical diagnosis of Grade I or II cervical
hiplash according to the Québec Task Force [18]; and (c)
ositive response to the ULNT-1 for both evaluator and ther-
pist. Patients with any of the following characteristics were
xcluded: (a) neck pain within 3 months preceding cervical
hiplash; (b) medical diagnosis of at least Grade III cervical
hiplash according to the Québec Task Force [18]; (c) mal-

ormations, previous surgery or injury in the cervical spine or
he upper limbs that could prevent the subject from perform-
ng the ULNT-1; (d) history of neurological and/or rheumatic
isorders; (e) soft tissue therapy within 3 months preceding
he study; and (f) any contraindication to the intervention
echnique (e.g.  tumoral disease, osteitis).

articipants

Fifty-six (n  = 56) subjects with Grade I or II cervical
hiplash were recruited for the study from one of the

esearcher’s practices. After the allocation phase, the final
ample included 40 subjects (17 women and 23 men) with a
ean age of 34 years [standard deviation (SD) 3.6, range 19 to

5 years]. The participants were randomised into two study
roups: intervention group (IG) (n  = 20) and control group
CG) (n  = 20). No loss to follow-up was recorded during the

ata collection or analysis phases (Fig. A, see online Sup-
lementary material) [19]. The study protocol followed the
ONSORT guidelines, was designed according to the insti-

utional review board, and registered in the Australian and
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Box  1:  Standard  sequence  of  movements  during
median nerve  upper  limb  neurodynamic  test
(ULNT-1)

• Shoulder girdle depression/stabilisation
• Shoulder girdle abduction (slightly >90◦)
• Wrist/fingers extension (90◦)
• Maximal forearm supination
• Shoulder external rotation
• Elbow extension
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Sham  intervention  in  the  control  group
• Structural differentiation (cervical sidebending)

ew Zealand Clinical Trials Registry (Registration Number
CTRN 12611001238965).

easurement  protocol

After a consulting physician had diagnosed cervical
hiplash, patients were selected if they qualified under the

nclusion/exclusion criteria. A clinical neurological exami-
ation was performed on all subjects. The subject filled in
n informed consent form, as established by the Declara-
ion of Helsinki. The study was conducted in the same room
t a constant temperature. Participants received the evalua-
ion and intervention protocol together in one session. Both
he therapist and the evaluator were senior physical therapists
ith over 6 years of experience in the field of manual therapy.
he evaluator had been trained previously in management of

he assessment tools. The assessment protocol was conducted
n the following order.

elf-perceived  neck  pain

A visual analogue scale (VAS) was used. The subject
emained seated on the treatment table with both feet on the
round, and was asked to mark the current intensity of pain on

 horizontal 100-mm line (0 mm indicating no pain, 100 mm
ndicating the maximum possible pain). The VAS is a pre-
ise, effective, sensitive and reliable measurement tool for
he evaluation of acute and chronic pain [20].

valuation  of  elbow  range  of  motion  during  the  ULNT-1

The participant was placed in the supine position with the
pper limbs resting along the body, and the elbow of the tested
ide flexed 90◦. The therapist asked the subject to ‘Let me
now when you start feeling pain or discomfort in the painful
rea’. The ULNT-1 was performed according to recognised
ethods (Box 1) [4]. The first step of the sequence was gen-

le shoulder girdle depression; this was standardised using
n air-filled pressure sensor (Stabiliser, Chattanooga Group

nc., Chattanooga, TN, USA) placed between the evalua-
or’s forearm and the upper surface of the subject’s shoulder,
nd then inflated to a baseline of 40 mmHg [6]. Shoulder a
therapy 100 (2014) 249–255 251

irdle depression was continued until the pressure reached
0 mmHg, whereupon the sequence continued as shown in
ox 1. When the subject reported pain or discomfort, the

herapist stopped and measured the elbow extension range
f motion. A universal goniometer was used, aligned along
he mid humeral shaft, medial epicondyle and ulnar styloid.
ntra-tester reliability of elbow extension with a goniometer
s reported to be high [intra-class correlation coefficient 0.97,
5% confidence interval (CI) 0.95 to 0.99] [21], with a mean
ifference from a gold standard of 1.1◦ (SD 5.1, 95% CI 9.2
o −11.4) and a maximal error of 10.3◦ [21].

The evaluator assessed which side had the more painful
pper trapezius or the ULNT-1 provoked more severe symp-
oms or discomfort according to the subject’s perception.
he evaluation was only made on the more painful side.
he ULNT-1 has been shown to have high intra- and inter-
xaminer reliability (intra-class correlation coefficient >0.95)
n patients with cervicobrachial pain [22] and in asymp-
omatic subjects [23]. It has been suggested that differences
reater than 4.5◦ represent a slight improvement when the
LNT-1 is repeated several times; when a single test is per-

ormed, differences should be greater than 7.5◦ to show a
elatively meaningful clinical change [22].

rip  strength

Pain-free grip strength was measured with a digital
ynamometer (JAMAR 5030J1, Chicago, IL, USA) on the
ame side as that used to evaluate elbow range of motion. The
ubject was in a seated position, with the shoulder adducted
nd neutrally rotated, the elbow flexed to 90◦, the forearm in
he neutral position, and the wrist with a ‘subtle’ dorsal flex-
on, if needed, or in the neutral position [24]. The subject was
nstructed to ‘Grasp it as strongly as you can without feeling
ain or discomfort’. Three measurements were made, taking
he mean as the reference value. Dynamometric evaluation
f grip strength has proven to be valid [24].

uboccipital  muscle  inhibition  technique  in  the
ntervention  group

The subject was in the supine position, and the therapist
at at the head of the table and placed both hands under the
ubject’s head, contacting the space between the occipital
ondyles and the spinal process of the second cervical ver-
ebra with the fingertips. Constant and painless pressure was
xerted upward, towards the therapist [25]. A review of the
iterature indicated that 4 minutes was required to attain tis-
ue relaxation at the suboccipital level [17,26]. Participants
ere asked to keep their eyes closed to avoid eye movements

hat might affect suboccipital muscle tone.
The sham (placebo) intervention consisted of performing
ctive movement of flexion/extension of the hip and knee
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Table 1
Baseline characteristics of participants.

Control group (n = 20) Intervention group (n = 20) P-value

Age (years) 36 (5.3) (5.2) 0.21
Gender

Female, n (%) 6 (30) 11 (55) 0.18
Male, n (%) 14 (70) 9 (45)

Affected upper limb (ULNT-1)
Dominant side, n (%) 12 (60) 8 (40) 0.28
Non-dominant side, n (%) 8 (40) 12 (60)
Grip strength (kg) 25.9 (6.3) 25.1 (6.3) 0.84
Perceived neck pain (VAS) (mm) 56.2 (10.6) 52.0 (9.0) 0.52
Elbow extension (◦) 116.0 (10.2) 130.1 (7.8) 0.02
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ata are expressed as mean (standard deviation) or as n (%).
LNT-1, upper limb neurodynamic test of the median nerve; VAS, visual a

oints on the opposite side to which the measurement was
aken, according to the response to the ULNT-1. The inter-
ention time was also set at 4 minutes.

tatistical  analysis

PASW Advanced Statistics Version 18.0 (SPSS Inc.,
hicago, IL, USA) was used for statistical analysis. Mean

SD), mean difference and 95% CI of the difference were
alculated for each variable. The Kolmogorov–Smirnov test
howed a normal distribution of all quantitative variables
P > 0.05). Baseline characteristics in the study groups were
ompared using Student’s t-test for quantitative variables and
hi-squared test for categorical variables.

Inferential analysis of variance for repeated measures
ANOVA test) for group (CG or IG) and time (pre- or
ost-intervention) allowed between-group differences to be
bserved. The effect size was evaluated using Cohen’s test,

nd Pearson’s correlation coefficients were used to evalu-
te the association between variables. P  < 0.05 was taken to
ndicate statistical significance.

a
s
m

able 2
hange scores, and within- and between-group post-intervention comparisons for g

imb neurodynamic test of the median nerve.

Pre-intervention
Mean (SD)

Post-intervention
Mean (SD)

With
Mean

rip strength
Control group 25.9 (6.3) 28.0 (7.3) −2.1
Intervention

roup
25.1 (6.3) 25.5 (7.9) −0.4

eck pain (VAS)
Control group 56.2 (10.6) 55.2 (10.5) 1.0 (−
Intervention

roup
52.0 (9.0) 48.7 (10.8) 3.2 (−

lbow extension
Control group 116.0 (10.2) 120.9 (14.8) −4.9
Intervention

roup
130.1 (7.8) 145.5 (11.5) −15.

D, standard deviation; CI, confidence interval; VAS, visual analogue scale; P-valu
 scale; P, statistical significance of the between-group difference.

esults

The study sample (n  = 40) was evaluated to compare
etween-group differences in physical and clinical charac-
eristics at baseline (Table 1). Significant differences were
nly found for elbow goniometry (P  = 0.02).

Elbow range of motion and grip strength improved in
oth groups after the intervention, but neck pain was slightly
orse after the intervention in both groups (Table 2). In the
ithin-group comparison, only elbow range of motion was

ound to differ significantly for the IG (P  = 0.01). When com-
aring between-group differences following the intervention
Table 2), a significant difference was found for elbow range
f motion [P  = 0.01; F(1,38) = 6.81; R2 = 0.15]. However, no
ignificant between-group differences were found for grip
trength (P  = 0.06) or neck pain and/or discomfort (P  = 0.38).

The correlation study showed an association between neck
ain and the other measured variables. A positive correlation
as found between age and neck pain (P  < 0.01; r  = 0.49),
nd a negative correlation was found between pain and grip
trength (P  < 0.01; r = −0.54), and pain and elbow range of
otion (P  = 0.01; r  = −0.38).

rip strength (kg), neck pain (mm) and elbow extension (◦) during the upper

in-group difference
 (95% CI)

Between-group difference
Mean (95% CI)

P-value

 (−3.6 to −0.5) 1.67 0.06
 (−1.4 to 0.5) (−0.1 to 3.45)

1.8 to 3.8) −2.2 0.39
1.5 to 8.0) (−7.5 to 3.0)

 (−11.8 to 2.0) −10.5 0.01
4 (−20.1 to −10.6) (−18.6 to −2.3)

e, statistical significance of the between-group difference.
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iscussion

The SMI technique had a positive effect on elbow exten-
ion during the ULNT-1 in subjects with cervical whiplash.
lbow range of motion increased immediately after the inter-
ention in the IG by 15.4◦ (SD 10.2◦). This result exceeds
he threshold (4 to 7.5◦ improvement in elbow mobility)
hat has been suggested to indicate a clinical change [22].
onetheless, SD estimates for elbow range of motion at
ain onset during the ULNT-1 in symptomatic and asymp-
omatic subjects has been observed to range from 14◦ to
0◦ [4]. Furthermore, the potential maximal error for mea-
urement of elbow extension with a universal goniometer is
pproximately 10◦ [21], which means that the clinical rel-
vance of the present results needs to be considered with
aution. Although the goniometer is a simple, reliable and
ommonly used tool in clinical practice, the findings must be
nterpreted with caution when slight changes are found, due
o the variability between subjects, the overlap in range of

otion and the amount of measurement error [4]. Neverthe-
ess, the aim of this study was not to compare the ULNT-1
ange of motion between both upper limbs or with asymp-
omatic subjects, but to assess the changes between pre- and
ost-intervention.

The SMI technique has previously reported positive
esults distal to the area of treatment. Quintana Aparicio
t al.  [25] found an increase in hamstring flexibility after
he SMI manoeuvre, and they considered that fascial con-
inuity in the muscle and neural level would be a possible
xplanation for this phenomenon. The dura mater establishes

 direct link with the musculoskeletal system through the rec-
us capitis posterior minor muscle in the suboccipital region,
he so-called ‘myodural bridge’ [27]. A manual technique
hat may achieve a release of tension at this level would
ffect peripheral tension according to the tensegrity theory
28]. This theory proposes a structural concept of the body
hat explains how release of fascial tension in one part may
nvolve the whole structure, being the main biomechanical
asis to explain the results of myofascial techniques [28]. Fur-
hermore, fascial continuity through neuromuscular chains
as been hypothesised to elucidate a relationship between
eck and upper limb muscles [29]. That would explain the
elease of distal tension and, consequently, the improvement
f joint mobility after a local technique at the suboccipital
evel.

The myodural bridge also represents a potential expla-
ation for the effect of manual therapy at the suboccipital
egion on craniocervical pain, as the increase of fatty infiltra-
ion in the rectus capitis posterior minor muscle of subjects
ith chronic neck pain after cervical whiplash suggests dam-

ge to the suboccipital musculature [27]. Nonetheless, no
ifferences in VAS scores were observed in the IG. In fact,
ccording to the results of correlations, an improvement in

lbow mobility should have implied a decrease in cervi-
al pain. On the one hand, local changes after myofascial
nduction in the cervicomandibular area have been observed

i
t
s

therapy 100 (2014) 249–255 253

egarding neck mobility [14], and neural and muscular
echanosensitivity [15,26]. On the other hand, no changes

n pressure pain threshold at a local level were reported after
ascial induction manoeuvres in the cervical region [14].
owever, all these studies evaluated short-term effects in

symptomatic subjects, and they all concluded that the results
ere below the minimum detectable change to assume clini-

al significance. In a pilot study with subjects with subacute
ervical-whiplash-associated disorders who underwent the
ascial Manipulation© technique, Picelli et  al.  [30] observed

 significant decrease in neck pain in a 2-week follow-up.
evertheless, the Fascial Manipulation technique is different

rom the procedure used in the present trial, and was not per-
ormed solely within the cervical region, making comparison
etween the two studies difficult.

Vernon et  al.  [31] reported that irritability of the deep cer-
ical paraspinal tissues, as happens after cervical whiplash,
ay cause hyperalgesia linked to a central sensitisation

rocess. This may explain why the SMI technique was
ot sufficient to activate the descendent inhibitory system
nd relieve pain. Central sensitisation can be perpetuated
y psychological aspects that increase pain at the central
ervous system level [32]. Psychological and cognitive fac-
ors also play a role in cervical whiplash influencing pain
erception, and may contribute as a perpetuating factor of
ervical-whiplash-associated disorders [33]. In conclusion,
oncerning neck pain relief, there is limited evidence for
ost of the therapies used for cervical whiplash, although

ctive interventions seem to have more effect than passive
odalities [34].
Regarding grip strength, there were no between-group

ifferences after the intervention. Immediate changes in pain-
ree grip strength have been observed in the affected upper
imb after end range high-velocity low-amplitude spinal

anipulation, either in the cervical or thoracic region, in sub-
ects with lateral epicondylalgia [35,36]. Spinal manipulation
as been reported to produce hypoalgesic effects related to
ts influence on central mechanisms of processing and con-
rolling pain [37]. However, this effect has not been found
ith the SMI technique.

tudy  limitations

Measurements of grip strength and elbow extension were
nly made in one upper limb. Therefore, it was not possible
o compare the results between dominant and non-dominant
ides. It was hypothesised that some of the participants may
ave been expecting financial compensation following a road
raffic accident. Self-reported pain and symptoms during the
LNT-1 could have been influenced by this aspect, as being
art of a compensation process has been associated with
oorer outcomes [38]. Finally, all the effects were evaluated

n the short term. It would be interesting to assess results over
he medium to long term to observe results of higher clinical
ignificance.
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onclusion

The SMI technique immediately improves elbow exten-
ion during the ULNT-1 in subjects with cervical whiplash.
owever, no immediate effect on grip strength or neck pain
as observed.

thical  approval:  Ethical Committee of Experimentation of
he University of Seville, Spain.

onflict of  interest:  None declared.

ppendix  A.  Supplementary  data

Supplementary data associated with this article can be
ound, in the online version, at http://dx.doi.org/10.1016/
.physio.2013.09.005.
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