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A B S T R A C T

Background: Chronic neck pain affects a significant percentage of the adult population. Commonly, the pain is of
unknown origin. In those cases, some alterations in motor control (MC) can appear in the deep cervical muscles.
The specific training of these muscles could improve muscular function and reduce pain and disability.
Objective: To determine whether MC, using cranio-cervical flexion (CCF), is more effective than other treatments
for non-specific chronic neck pain (NSCNP).
Design: Systematic review with meta-analysis.
Methods: A search was done in journals and in a variety of databases, between December 2017 and March 2018.
Randomized clinical trials (RCTs) and systematic reviews of RCTs comparing MC with other treatments in adults
with NSCNP, regarding pain and disability, were included. Risk of bias was analysed using the Cochrane risk of
bias tool. Data was analysed using a random effects model. Heterogeneity was evaluated using the I2statistic. The
quality of the evidence was measured using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach.
Results: Ten articles were included for qualitative review; nine were used for a quantitative analysis about the
effect of MC on pain and eight for the analysis regarding disability. The meta-analysis comparing MC versus
other treatments showed significant differences regarding pain and disability.
Conclusions: MC interventions for NSCNP patients reduces pain and disability. MC seems to be more effective to
reduce pain and disability than other treatments.

1. Introduction

Neck pain affects between 12.1 and 71.5% of the world population
and is incapacitating in more than 10% of cases (Haldeman et al.,
2008). The majority of the cases have a non-specific origin (Childs
et al., 2008). Neck pain affects mainly the adult population and it is
associated with a decrease in quality of life, affecting activity and
mental health (Fernández-de-las-Peñas et al., 2011). In more than half
of patients who have experienced neck pain, the pain will return in the
following years – for most of them, in the first year (Childs et al., 2008).
Due to all of the above, neck pain can be considered a social problem
which has a significant impact on patients, their families and compa-
nies; as well as the National Health System which has to bear the cost of

medication, sick pay and diagnostic testing (Childs et al., 2008; Hoy
et al., 2010).

After the first episode of acute neck pain, alterations in MC appear
affecting neuromuscular behaviour. The main changes are decrease in
strength, range of movement and velocity. These alterations impact
high load activities (lifting) without provoking any modifications in less
demanding activities. This is possible because in the cervical spine, the
same activity can be done by different muscles with similar lines of
action (Gizzi et al., 2015). Endurance has been proved to be reduced in
situations where the subject is in pain, due to the reduction in the ac-
tivity of deep flexor and extensor muscles which also produce an in-
crease in superficial muscle tone (Falla and Farina, 2008; Schomacher
and Falla, 2013; Brage et al., 2015; O'Leary et al., 2007; Jull et al.,
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2009). In a recent study where the sensitivity of upper trapezius,
splenius capitis and levator scapulae was evaluated, 100% of patients
with cervical pain presented hypersensitivity in some of these muscles
(Cerezo-Téllez et al., 2016). This process can explain the recurrence of
cervical pain over the first year after an acute episode and contribute to
its chronicity (Childs et al., 2008; Hoy et al., 2010). Furthermore, it
could explain the MC deficits that patients with chronic neck pain
present (Falla and Farina, 2008).

Specific training tailoring the deep flexor and extensor muscles in-
creases their activity. As such, it reduces the overactivation of the su-
perficial muscles, reducing pain and disability (Schomacher and Falla,
2013; Brage et al., 2015). Specifically, CCF training improves the ac-
tivation pattern of the neck muscles (Jull et al., 2009). For that reason,
MC has been referred to CCF throughout this paper.

There are several studies which examine this (Brage et al., 2015;
O'Leary et al., 2007; Jull et al., 2009; Cerezo-Téllez et al., 2016) and
even some systematic reviews (Amiri et al., 2007; Gross et al., 2016)
but they do not include many RCTs nor do they conduct a thorough
meta-analysis. In light of this, it is necessary to conduct a systematic
review and meta-analysis that collects the latest studies about the ef-
fectiveness of MC in the adult population with NSCNP. The objective is
to determine if MC interventions are more effective regarding pain re-
duction and disability than other treatments.

2. Methods

This systematic review followed “The Cochrane Handbook for
Systematic Review of Intervention” (Higgins and Green, 2011). This
systematic review and the Meta-analysis are reported according to
Preferred Reporting Items for Systematic Reviews and Meta-analyses
guidelines (PRISMA) (UrrútiaG, 2010). A formal protocol was devel-
oped and submitted to PROSPERO (CRD42018081542).

2.1. Data sources and searches

Indirect sources were consulted. The databases PubMed, PEDro,
Cochrane, SCOPUS and Web of Science were searched. The journals
“Fisioterapia” and “Cuestiones de Fisioterapia” were reviewed.

The initial search was done between December 2017 and March
2018, where systematic reviews and RCTs were identified. The articles
belonging to the systematic reviews were searched in April and May
2018.

2.1.1. Searching strategy
The strategy used is recommended by The Cochrane Back and Neck

Review Group (Furlan et al., 2015). Medical Subject Headings (MeSH)
and free text were used and combined according to the requirements of
each database. The search algorithm and descriptors used for PubMed
can be found on Table 1. This was adapted for the different databases as
appropriate.

2.2. Study selection

Title and abstract were screened independently by two reviewers
(J.B.R. and V.C.S). All discrepancies were discussed between the re-
viewers. Only those publications written in English or Spanish were

evaluated.
The following inclusion criteria were used. The publications were

RCTs or systematic reviews published from 2007. Participants were
adults with NSCNP (≥3 months). The treatment of the experimental
group had to be MC exercises (using CCF) intended to retrain neuro-
muscular behaviour. This had to be compared with a different inter-
vention. Validated scales were used to measure pain - the Visual Analog
Scale (VAS) (Knop et al., 2001) or the Numeric Rating Scale (NRS)
(Jensen et al., 1999) and disability – the Neck Disability Index (Vernon
and Mior, 1991).

Studies of patients with specific neck pain were excluded, as well as
the studies where the patients had a trauma or cervical surgery prior
the commencement of the study. Studies that included patients with
neurologic signs were excluded, as were those where the patient had a
temporomandibular disorder.

2.3. Data extraction and risk of bias assessment

Data was extracted by two independent reviewers (C.M.G and
R.S.D). The reviewers filtered and evaluated the complete text of the
studies determining those suitable for revision. They conducted the
data extraction. Risk of bias was evaluated using the Cochrane tool
following the Updated Method Guideline for Systematic Reviews
(Furlan et al., 2015). Discrepancies were discussed between the re-
viewers and resolved with an independent reviewer if necessary.

2.4. Data synthesis and analysis

Studies with comparable outcomes were included in the qualitative
analysis. Studies used 100mm VAS or 11-point NRS. Disability was
measured with NDI (range 0–50). Results were divided into immediate-
short term (≤4 weeks after intervention) and short-to medium-term
(between 5- and 10-weeks post-intervention).

MC exercises, using CCF, were compared with the control group.
Besides, an analysis between subgroups - made regarding the type of
intervention, was conducted.

Data was analysed using mean difference (MD) that were converted
into a standardized mean difference (SMD) with a confident interval
(CI) of 95%. A random effects model was used to determine the effect
size. Large effect size was considered to be 0.8 or more; medium be-
tween 0.5 and < 0.8; and small when 0.2 to<0.5 (Ferguson, 2009).
Statistical significance was set at p < 0.05.

Effect size and its calculation for the outcomes pain and disability
were presented using a forest plot. Test of heterogeneity were analysed
using theI2statistic (Higgins et al., 2003).

The quality of evidence in this meta-analysis was evaluated using
the GRADE approach, which has four levels of evidence: very low, low,
moderate or high (Ryan and Hill, 2016; Schunemann et al., 2008). To
rate the quality of evidence different criteria, such as the presence of
study limitations, indirectness of evidence, unexplained heterogeneity
or inconsistency of results, imprecision of results, and high probability
of publication bias (Austin et al., 2014) were considered.

Studies were blinded and analysed by an independent reviewer.
Data was analysed using the software Review Manager 5.3.

Table 1
Search strategy for PubMed.

#1 “Neck pain” (MeSH) and “chronic pain” (MeSH)
#2 “Exercise therapy” (MeSH) OR “Exercise” (MeSH) OR “Proprioception” (MeSH) OR “Motor control” OR “Train” OR “Exercis*” OR “Craniocervical flexion test” OR

“Craniocervical flexor muscles”
#3 #1 AND #2
#4 “Whiplash” (MeSH) OR “Neuritis” (MeSH) OR “Brachial plexus” (MeSH) OR “Temporomandibular joint disorders” (MeSH) OR “Pain postoperative” (MeSH)
#5 #3 NOT #4
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3. RESULTS

3.1. Study selection

From the searches for systematic reviews and RTCs, 42 articles were
fully analysed. After the inclusion and exclusion criteria were applied,
10 articles were included in the systematic review and meta-analysis
(Fig. 1).

3.2. Description of the evidence

The studies included, 10 RCTs, measured the effect of MC exercises
on pain and disability on adults with NSCNP compared to other treat-
ments. The intervention was based on the protocol described by Jull
(Jull et al., 2004, 2009). MC by using CCF was compared to strength-
ening and endurance exercises for cervical flexion (O'Leary et al., 2007;
Jull et al., 2009; Javanshir et al., 2015; Falla et al., 2008; Kim and
Kwag, 2016), mobilisations (Lluch et al., 2013; O'Leary et al., 2012;
Kwan-Koo and Kim, 2016) or other treatments – proprioceptive ex-
ercises (Gallego-Izquierdo et al., 2016) or ‘wait and see’ (Falla et al.,
2013).

Risk of bias was assessed using the Cochrane Handbook tool avail-
able in the software Review Manager 5.3. The result of this analysis is
presented on Table 2.

The studies included between 18 and 60 patients, with a total of 423
across the RCTs. Four studies only included women to avoid differences
caused by gender. The characteristic of the studies included can be

found on Table 3.
The quality of evidence included in this meta-analysis was assessed

using the GRADE approach. The studies analysed were divided into
groups: association with pain immediate-short-term, association with
pain short-to medium-term and association with disability short-to
medium-term. The results regarding pain and disability showed very
low to moderate evidence. The full analysis can be seen on Table 4.

3.3. Association with pain

The studies presented the outcome pain using the VAS scale on six
studies and NRS on the remaining four. Three of the studies measured
the outcome over the immediate-short term (O'Leary et al., 2007; Kim
and Kwag, 2016; Lluch et al., 2013) and seven over the short-to
medium-term (Jull et al., 2009; Javanshir et al., 2015; Falla et al., 2008;
Kim and Kwag, 2016; O'Leary et al., 2012; Kwan-Koo and Kim, 2016;
Falla et al., 2013).

3.3.1. Comparison versus control group
Comparing MC with a control group over the immediate-short term

showed no significant greater decrease in pain with a small effect size
(SMD -0.33, [95% CI] −0.73 to 0.08, n=96, p=0.11 a MD of 0.34,
[95% CI] −0.76 to 0.09, p=0.09) and a null heterogeneity (I2=0%)
in both cases. The analysis of the subgroups did not demonstrate any
difference between groups and showed a null heterogeneity (I2=0%).

The short-to medium-term comparison (Fig. 2) presented significant
pain reduction with a moderate effect size (SMD -0.58, [95% CI] −0.97

Fig. 1. Literature search, PRISMA Flow diagram.
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to −0.20, n= 349, p=0.003) a MD of −0.97 ([95% CI] - 2.05 to
−0.30, p=0.0002) and a high heterogeneity (I2=67%) in both cases.

The subgroup analysis indicated significant differences between
groups (p=0.009) and showed a high heterogeneity in the SMD ana-
lysis (I2=78.6%). The funnel plot graph showed a likelyrisk of pub-
lication bias in terms of the short-medium term analysis (Fig. 3).

One of the studies was not included in the analysis of the MC effect
over pain versus a control group because the data could not be com-
bined (Gallego-Izquierdo et al., 2016). This study showed a significant
decrease in both groups (MC and proprioceptive exercises) regarding
pain after the first treatment session that was maintained after one- and
three-months post-intervention.

3.4. Association with disability

Only eight of the ten selected studies for the meta-analysis (Jull
et al., 2009; Javanshir et al., 2015; Falla et al., 2008; Kim and Kwag,
2016; O'Leary et al., 2012; Kwan-Koo and Kim, 2016; Gallego-Izquierdo
et al., 2016; Falla et al., 2013) had disability as an outcome to compare
the effects of MC versus other treatments when measuring the results
over the short-to medium-term using the NDI.

3.4.1. Comparison versus control group
This meta-analysis showed a significant reduction in disability when

comparing MC exercises with a control group in the short to medium-
term (Fig. 4), with a small size effect (SMD -0.44 [95% CI] −0.81 to
−0.08, n= 377, p=0.02) and a high heterogeneity (I2=66%). The
MD was −2.31 [95% CI] −4.38; −0.24, p= 0.03 with a high het-
erogeneity (I2=81%).

No significant differences were found between groups (p > 0.05)
with a null heterogeneity (I2=0%) in the SDM and MD analysis. A
likely publication bias was observed in the funnel plot graph (Fig. 5).

4. Discussion

The objective of this meta-analysis was to assess if a treatment based
on MC exercises, using CCF exercises, reduces pain and disability and if
this intervention is more effective than other treatments for NSCNP.
This is relevant due to an increase of NSCNP in the population, which
has a vast social and economic cost (Haldeman et al., 2008; Childs
et al., 2008; Fernández-de-las-Peñas et al., 2011; Hoy et al., 2010). A
search of the literature from 2007 to 2018 was done and ten articles
were finally included.

The results of this systematic review and meta-analysis have de-
monstrated that MC exercises reduce pain (measured immediate-short
term and short-to medium-term) and disability (when measured short-
to medium term).

When the effect of MC interventions is compared with other treat-
ments (strengthening and endurance exercises, mobilisations or other
treatments – proprioceptive exercises or ‘wait and see’) the difference in
reduction in pain and disability is statistically significant with moderate
and small effect size, respectively. When the subgroups are analysed
separately regarding pain, only the group other treatments is statisti-
cally significant. However, if the analysis concerns disability, the none
of the groups are significant.

Therapeutic exercise is recommended (grade B in the Clinical
Practice Guidelines) for those patients with chronic neck pain asso-
ciated with an alteration in movement. It is also recommended (grade
C) when the pain is associated with coordination deficits (Blanpied
et al., 2017). Moreover, several studies support the use of exercise to
treat NSCNP due to the reduction in pain and disability that exercise
provokes (Gross et al., 2016). This is also effective when combined with
manual therapy (Fredin and Håvard, 2017). A Cochrane review on
chronic pain shows similar results regarding general exercise and its
effect on pain and disability (Geneen et al., 2017).

Several studies support the use of mobilisations as an effectiveTa
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treatment for NSCNP (Hidalgo et al., 2017; Farooq et al., 2017). In the
study conducted by (Lluch et al., 2013) (Lluch et al., 2013) similar
results are obtained using mobilisations as an intervention. However,
MC exercises also improve outcomes with regards to motor tasks. This
can be explained due to the increase in activation velocity achieved in
the deep cervical flexor muscles that occurs when training these mus-
cles in isolation, as happens during MC exercises (Boudreau et al.,
2010).

The meta-analysis revealed significant differences in the effective-
ness of MC reducing pain compared with ‘wait and see’. However, no
differences were found when compared with “exercise group”,

“mobilisation group” or proprioceptive exercise to reduce pain and
disability. According to the study conducted by Falla et al. (2013)where
the effect of an MC intervention versus ‘wait and see’ was analysed, a
significant reduction in pain and disability favouring the MC group was
achieved. Furthermore, the study conducted by Gallego-Izquierdo et al.
(2016)also showed a significant reduction in pain and disability levels
when treated with either MC or proprioceptive exercises. These results
confirm the benefits observed when using therapeutic exercises for
NSCNP.

It has been shown that those patients with NSCNP can improve
when doing different exercise modalities. The load of the exercise

Table 4
GRADE assessment.

Number of Studies Risk of
Biasa

Inconsistencyb Indirectness of
Evidencec

Imprecisiond Publication
Biase

Quality of Evidence SMD (95%CI)

Association with pain: immediate-short term (0 to 10 weeks)
Motor Control vs Control Group 3 No No No Very Serious No ⊕⊕◯◯

LOW
−0.33 (−0.73,0.08)

Motor Control vs Subgroup-Exercise
Therapy 2

No No No Very Serious No ⊕⊕◯◯
LOW

−0.26 (−0.71,0.18)

Motor Control vs Subgroup-Mobilisation 1 No No No Very Serious No ⊕⊕◯◯
LOW

−0.62 (−1.57,0.33)

Association with pain: short to medium term (5 to 10 weeks)
Motor Control vs Control Group 8 No Serious No Serious Serious ⊕◯◯◯

VERY LOW
0.58 (−0.97, 0.2)

Motor Control vs Subgroup-Exercise
Therapy 5

No No No Serious No ⊕⊕⊕◯
MODERATE

−0.25 (−0.50, 0.01)

Motor Control vs Subgroup-Mobilisation
2

No Very Serious No Very Serious No ⊕◯◯◯
VERY LOW

−1.21 (−2.57, 0.15)

Motor Control vs Subgroup- Other
treatments
1

No No No Very Serious No ⊕⊕◯◯
LOW

−1.23 (−1.87,−0.60)

Association with disability: short- to medium- TERM (5 to 10 weeks)
Motor Control vs Control Group 9 No Serious No Serious Serious ⊕◯◯◯

VERY LOW
−0.44 (−0.81, 0.08)

Motor Control vs Subgroup-Exercise
Therapy 5

No No No Serious No ⊕⊕⊕◯
MODERATE

−0.23 (−0.49, 0.02)

Motor Control vs Subgroup-Mobilisation 2 No Very Serious No Very Serious No ⊕◯◯◯
VERY LOW

−1.44 (−3.58, 0.71)

Motor Control vs Subgroup- Other
treatments 2

No Serious No Very Serious No ⊕◯◯◯
VERY LOW

−0.36 (−1.02, 0.29)

a No risk of bias was found in any study.
b I2> 40%: serious. I2> 80%: very serious.
c No indirectness of evidence was found in any study.
d N < 300: serious. N < 300 and estimated effect little or absent: very serious.
e Based on funnel plot analysis.

Fig. 2. Effect on pain short-to medium-term (SDM).
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should depend on the extent of the pain or the disability (O'Leary et al.,
2009). Recent studies refer to the importance of a good initial assess-
ment of motor tasks to be able to conduct a treatment tailored to those
deficits, resulting in a more effective treatment (Falla et al., 2012; Jull
et al., 2008). This could be the subject of future studies.

4.1. Strengths and limitations

One of the strengths of this review is that only RCTs were included.
Furthermore, the studies included had similar interventions and did not
include any co-interventions which could influence the results. To
minimise the risk of selection bias, the studies were reviewed in-
dependently by two different researchers. Where the merits of an article
were a subject of debate, the inclusion or exclusion of the article was
discussed between the researchers.

Several limitations can be considered when interpreting the results
found in this review. Firstly, selection bias – only articles published in
English or Spanish were reviewed and no research of grey literature was
done; therefore, it is likely that not all the studies relevant to the dis-
cussion were analysed. Secondly, only a few studies were found that
met the criteria for this meta-analysis. Thus, there was insufficient data
to enable a viable analysis of outcomes regarding disability in the im-
mediate to short-term. Moreover, the analysis in terms of pain outcomes
over the immediate to short-term was based on limited data points.

Lastly, the heterogeneity was null in the statistical analysis of pain
outcomes, but high or moderate for the disability analysis. It is im-
portant to consider the influence the study conducted by Kwan-Woo
et al. (Kwan-Koo and Kim, 2016) has in the disability analysis. If the
results had been analysed excluding that study, the heterogeneity
would have been null, and therefore the analysis would have shown a
low publication bias.

5. Conclusions

Based on the results of this meta-analysis we can conclude that an
intervention based on MC exercises (using CCF) when compared with
other treatments (strengthening and endurance exercises tailoring cer-
vical flexion, mobilizations or other treatments – proprioceptive ex-
ercises or ‘wait and see’) shows statistically significant results regarding
diminution of pain (VAS or NRS) and disability (NDI) in a population
with NSCNP. If we analyse each subgroup separately, the meta-analysis
will reveal significant differences in the effectiveness of MC compared
with the “other treatment” group to reduce pain.

No systematic reviews that analysed the effect of MC interventions
in isolation were found. Nor were meta-analysis that compared MC with
other treatment techniques.

The evidence remains ambiguous regarding this subject. Therefore,
more high-quality studies that assess the effect of MC exercises versus

Fig. 3. Funnel plot showing effect on pain short-to medium-term (SMD).

Fig. 4. Effect on disability short-to medium-term (SMD).

Fig. 5. Funnel plot showing effect on disability short-to medium-term (SMD).
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other treatment techniques are necessary.
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