OPEN ACCESS

REVIEW PAPER

The Effectiveness of Cervical Sensorimotor
Control Training for the Management of
Chronic Neck Pain Disorders: A Systematic
Review and Meta-Analysis

Izabela Luznik, Maja Pajek, Vedrana Sember, Ziva Majcen Rosker
Affiliations: University of Ljubljana, Faculty of Sport, Ljubljana, Slovenia

Correspondence: |. Luznik. University of Ljubljana, Faculty of Sport, Gortanova 22, 1000 Ljubljana, Slovenia. E-mail: izabela.luznik@fsp.uni-lj.si

( 3\

Abstract

This systematic review and meta-analysis aimed to evaluate the effectiveness of cervical sensorimotor
control training for the management of chronic neck pain (NP) disorders compared to no treatment, or
other conservative or non-conservative treatments. The review was conducted following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines (PROSPERO registration
number: CRD42022381714). A comprehensive database search was performed (until November 2023)
for randomized controlled trials (RCTs) and clinical trials evaluating the effects of cervical sensorimotor
control training on several subjective and objective outcomes in adults with chronic NP (traumatic or
non-traumatic origin). Data on study and patient characteristics, outcome measures, and effects on prima-
ry and secondary outcomes were extracted. Seven RCTs (409 participants) were included, of which 6 quali-
fied for meta-analysis. Low-certainty evidence suggests that cervical sensorimotor control training is more
effective for reducing pain (standardized mean difference (SMD): 0.48; 95% confidence interval (Cl): 0.07
to 0.89) and improving cervicocephalic kinesthesia at short term than no treatment, and for reducing ki-
nesiophobia at intermediate term compared to other treatment modalities. No significant between-group
differences were found for other outcomes and follow-ups (very low-to-moderate-certainty evidence).
Considering the significant improvements in cervicocephalic kinesthesia, cervical sensorimotor control
training could be an important element in the rehabilitation of patients with chronic NP disorders. How-
ever, the current evidence in the literature is scarce to draw conclusions regarding its effectiveness as a
stand-alone rehabilitation program.
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Introduction

Neck pain (NP) is one of the most commonly reported
musculoskeletal disorders (Kazeminasab et al., 2022), affecting
more than 30% of people annually (Cohen, 2015). It is an im-
portant public health concern in the general population (Safiri
et al., 2020) that often results in significant disability and eco-
nomic costs (Hurwitz et al., 2018; Kazeminasab et al., 2022).
Patients with NP suffer from pain and discomfort, while also
report being limited in their daily activities due to pain-relat-
ed disability (Nolet et al., 2015). Such functional limitations
can affect patients’ quality of life, which is often compromised
in this population (Lin et al., 2010; Nolet et al., 2015; Pedisic
et al., 2013). In addition, patients with chronic NP may suf-
fer from fear of movement (kinesiophobia) (Asiri et al., 2021;
Demirbiiken et al., 2016; Ulug et al., 2016), the higher severity
of which is associated with greater pain and disability as well
as lower quality of life (Luque-Suarez et al., 2019).

Furthermore, previous research shows that NP is associated
with reduced cervical range of motion (ROM) (Rudolfsson et
al., 2012) as well as alterations in cervical motor control which
have been observed in patients with NP through impaired acti-
vation of the deep cervical flexor muscles demonstrated during
the craniocervical flexion test (CCFT) (Chiu et al., 2005; Jull
et al., 2008) and altered cervical sensorimotor function (de
Vries et al., 2015; Kristjansson & Treleaven, 2009; Stanton et al.,
2016). More specifically, sensorimotor deficits commonly seen
in patients with NP can arise from abnormal cervical afferent
input (Kristjansson & Treleaven, 2009) affecting patients’ abili-
ty to sense the position and movement of body parts and, con-
sequently, how they respond to external and internal changes
in the environment throughout their daily activities (Proske
& Gandevia, 2012). In addition, the results of a recent study
suggest that NP as such can also significantly affect cervical
sensorimotor control function, as an increased error in cervi-
cal joint repositioning was observed in healthy subjects after
experimentally induced NP (Wang et al., 2022). Accordingly,
altered cervicocephalic kinesthetic awareness (de Vries et al.,
2015; Stanton et al., 2016) and postural balance (Ruhe et al.,
2011) are commonly identified in patients with NP. Moreover,
it has been suggested that altered sensorimotor control due to
cervical proprioceptive deficits could contribute to the recur-
rence and chronicity of NP (Kristjansson & Treleaven, 2009;
Qu et al,, 2022; Roijezon et al., 2015), while there is growing
evidence that adaptations in neuromuscular function (e.g.,
changes in muscle properties and activity, mobility, sensorimo-
tor control) can occur not only in patients with chronic NP, but
also in individuals with recurrent NP during a period in remis-
sion (Alalawi et al., 2022; Devecchi et al., 2021). These findings
suggest that restoration of neuromuscular function is along
with pain relief important in the management of patients with
NP disorders and that neuromuscular characteristics should be
monitored during clinical assessment using objective outcome
measures to properly understand the effectiveness of rehabili-
tation approaches (Jull, 2016). In this regard, addressing senso-
rimotor control deficits has been proposed as one of the most
important aspects of treating patients with NP (Kristjansson &
Treleaven, 2009; Peng et al., 2021; Treleaven, 2008).

To date, the effects of various rehabilitation approaches on
chronic NP have been investigated and evaluated. Nevertheless,
research shows that patient outcomes remain suboptimal, un-
derscoring the need to develop more effective approaches for
treating chronic NP (Bier et al., 2018; Blanpied et al., 2017; Cas-

tellini et al., 2022; Sterling et al., 2019). Different types of cer-
vical sensorimotor control exercises that aim to enhance cervi-
cal kinesthetic functions (i.e., position sense, movement sense)
have shown promising results when used in combination or as
stand-alone rehabilitation program for chronic NP, in terms of
improving specific outcomes, including pain, neck disability,
quality of life, kinesiophobia, neck mobility and motor control,
as well as sensorimotor function (Cetin et al., 2022; Espi-Lépez
et al,, 2021; Gallego Izquierdo et al., 2016; Humphreys & Irgens,
2002; Jull et al., 2007; Nusser et al., 2021; Pérez-Cabezas et al.,
2020; Reddy et al., 2021; Revel et al., 1994; Rezaei et al., 2018;
Saadat et al., 2019; Sarig Bahat et al., 2015, 2018; Sremakaew et
al., 2023; Tejera et al., 2020). To the best of our knowledge, no
prior reviews have examined the effectiveness of these training
modalities in patients with chronic NP. Previous systematic re-
views and meta-analyses have mainly focused on specific train-
ing modalities aimed at improving only one aspect of cervical
sensorimotor control (Ahern et al., 2020; Grassini, 2022; Gross
et al,, 2015; McCaskey et al., 2014; Petersen et al., 2013), while
others have investigated the effectiveness of motor control exer-
cises (Rasmussen-Barr et al., 2023), which, in contrast to cervi-
cal sensorimotor control exercises, are primarily aimed at im-
proving control of craniocervical flexion movement and activa-
tion of the deep cervical flexor muscles (de Zoete et al., 2021; Jull
et al,, 2009). This gap in the literature highlights the necessity of
conducting a systematic review and meta-analysis to consolidate
evidence on the effects of cervical sensorimotor control training
to provide new insights for the treatment of chronic NP.

The aim of this systematic review and meta-analysis was to
investigate the effectiveness of cervical sensorimotor control
training on the above-described signs and symptoms related
to chronic NP disorders. Studies with interventions combin-
ing cervical sensorimotor control training with another type
of rehabilitation program were excluded from the review in
order to investigate causality by isolating the effect of a specific
rehabilitation approach.

Methods

The review was conducted according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (Hutton et al., 2015; Moher et al., 2009)
and was registered at the International prospective regis-
ter of systematic reviews (PROSPERO registration number:
CRD42022381714).

Data sources and searches

The electronic databases PubMed, PEDro, ScienceDirect
and Web of Science were searched for literature. Gray liter-
ature of published interventions and systematic reviews was
searched through Google Scholar and DART-Europe E-theses
Portal. Reference lists of relevant reviews and their includ-
ed articles were searched as well as PROSPERO databases to
identify any important ongoing and/or unpublished system-
atic reviews. Unpublished studies were not sought. The data-
bases were systematically searched from inception to Novem-
ber 2023 using the following search string: (neck OR cervical)
AND (propriocept* OR kinest* OR kinaest* OR kinemat* OR
coordination OR “motor control” OR sensorimotor OR “po-
sition sense” OR “movement sense” OR “movement control”)
AND (training* OR exercise* OR rehabilitation* OR inter-
vention* OR program* OR regime*). As different databases
require different search strategies, the search strings for the
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individual databases were adapted. The following filters were
used for individual databases: (a) Clinical trial, Randomized
controlled trial (PubMed); (b) Clinical trial (PEDro); (c) Re-
search articles (ScienceDirect); (d) Article (Web of Science).

Study selection

Two review authors (IL. and Z.M.R.) independently
screened titles and abstracts. Duplicate records were removed
using Microsoft Excel (Microsoft Corporations, Redmond,
Washington, USA). The same two review authors evaluated
the eligibility of the retrieved full-text articles. Discrepancies
that arose during eligibility assessment were resolved through
discussion and by consultation with a third author (V.S.) when
necessary. Randomized controlled trials (RCTs) and clinical
trials were included if they met the following criteria: (1) study
population consisted of adults (mean age: 18+ years) with
chronic NP (> 3 months duration, traumatic or non-traumat-
ic origin); (2) involving an intervention with cervical senso-
rimotor control training/exercises that are based on position
sense, movement sense and/or movement control during or
after active head and neck movements and are aimed to im-
prove cervical sensorimotor control; (3) cervical sensorimotor
control training was compared to (a) no treatment or (b) any
other conservative or non-conservative treatments. Studies
were excluded if cervical sensorimotor control training did
not involve active head and neck movements. Studies focusing
on other modalities: cervical muscle strengthening and en-
durance exercises, proprioceptive neuromuscular facilitation,
neuromuscular joint facilitation, vestibular rehabilitation,
mental imagery exercises, laterality training, and postural bal-
ance training were excluded from this review. Interventions
where cervical sensorimotor control training was combined
with any other type of rehabilitation program were excluded.

Outcome measures

The primary outcomes of interest were objective measures
of sensorimotor control function (i.e., cervicocephalic kin-
esthetic awareness and postural balance) and pain intensity
measured by a pain scale (i.e., visual analog scale (VAS) or nu-
merical rating scale (NRS)). The secondary outcomes of the
review were subjective functional limitations assessed by neck
disability-specific scale (i.e., Neck Disability Index (NDI)), ob-
jective measures of cervical ROM and CCFT and subjectively
measured quality of life and kinesiophobia.

Data extraction and quality assessment

Two review authors (I.L. and Z.M.R.) extracted the data
independently, while the third author (V.S.) checked the ac-
curacy of the entered data. Data on study and patient char-
acteristics, outcome measures and effects on primary and
secondary outcomes were extracted. When studies reported
more than two intervention groups that could be included
in the review, data were extracted from all study arms. When
necessary, authors of the included studies were contacted to
obtain additional data.

For the included studies, risk of bias was assessed inde-
pendently by two review authors (I.L. and Z.M.R.) using the
PEDro scale (Herbert et al., 1998). The PEDro scale has been
shown to be a valid (de Morton, 2009; Macedo et al., 2010) and
reliable (Maher et al., 2003) measure for assessing the method-
ological quality of clinical trials. Trials are considered to be of
good to excellent quality if they score at least 6 points (Cashin
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& McAuley, 2020), which is a widely used cut-off point in the
literature (Armijo-Olivo et al., 2015).

The certainty of evidence was assessed according to the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach (Guyatt et al., 2011) and was clas-
sified as high, moderate, low, or very low. Certainty of evidence
was downgraded according to the: risk of bias, inconsistency, im-
precision, indirectness, and publication bias (Furlan et al., 2015).

Data synthesis and analysis

Only studies that provided sufficient data to calculate the
standardized mean difference (SMD: Hedges’ g) were included
in the meta-analysis. The SMD was calculated as the differ-
ence between changes from baseline in the intervention and
comparator groups based on the reported means, standard de-
viations (SDs), and sample sizes of each group. If the SD was
not available, it was estimated using the standard error (SE),
confidence interval (CI), or p-value according to the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins et
al,, 2022). In addition, if studies reported the sample size, me-
dian and interquartile range, these were used to estimate the
mean and SD by using a formula-based method developed by
Wan et al. (Wan et al., 2014). In studies with multiple relevant
intervention groups, the ‘shared’ group was split into two or
more groups with smaller sample sizes to allow inclusion in
the meta-analysis and to examine heterogeneity across inter-
vention arms (Higgins et al., 2022).

A random-effects model was used to pool the results of
individual trials. The heterogeneity variance 12 was calculated
using the restricted maximum likelihood method (Viechtbau-
er, 2005) and Knapp-Hartung adjustments were used to calcu-
late the CI around the pooled effect (Knapp & Hartung, 2003).
Hedges’ g values of > 0.2, > 0.5, and > 0.8 were interpreted as
small, medium, and large effects, respectively (Ellis, 2010). The
between study heterogeneity was assessed using the 12 statis-
tic, where values of 0%-40% might not be important, 30%-60%
may represent moderate heterogeneity, 50%-90% may repre-
sent substantial heterogeneity, and 75%-100% may represent
considerable heterogeneity (Higgins et al., 2022). A subgroup
analysis was performed based on the comparator interven-
tion to separately consider the effects of the interventions
when compared with no treatment or other conservative or
non-conservative treatments. All statistical analyses were per-
formed in R statistical software (version 4.3.0) (R Core Team,
2023) using the “meta” package, and p-values of less than 0.05
were considered statistically significant.

Protocol changes after the initial PROSPERO registration

After the initial PROSPERO registration, but before any
analyses were performed, the following changes were made to
the protocol and were submitted to our record: slight chang-
es in terminology regarding training modalities; using PEDro
scale to assess risk of bias; adding the criterion not to exclude
interventions involving ocular exercises; using Hedges g to
calculate effect size and using the data synthesis strategy de-
scribed in the above paragraph.

Results
Flow of studies through the review

The study selection process is shown in Figure 1. A total of
3860 records were identified through a comprehensive data-
base search strategy, while 2 were found in other sources (i.e.,
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Figure 1. Prisma flowchart illustrating the study selection process

reference and gray literature searches). After removing du-
plicates and screening articles by title and abstract, 16 papers
were retrieved for full-text screening. Altogether, 7 studies (7
papers with 9 intervention comparisons, involving 409 par-
ticipants) met the inclusion criteria and were included in the
systematic review (Gallego Izquierdo et al., 2016; Humphreys
& Irgens, 2002; Jull et al., 2007; Revel et al., 1994; Rudolfsson
etal,, 2014; Sarig Bahat et al., 2018; Tejera et al., 2020). Among
them, 6 studies (6 papers with 7 intervention comparisons)
that provided sufficient data were included in the meta-analy-
sis (Gallego Izquierdo et al., 2016; Humphreys & Irgens, 2002;
Jull et al., 2007; Revel et al., 1994; Sarig Bahat et al., 2018; Te-
jera et al.,, 2020). All studies included in the systematic review
were RCTs, and two of them were 3-arm studies (Rudolfsson
et al., 2014; Sarig Bahat et al., 2018). Two studies appeared to
meet the inclusion criteria but were excluded from the review
because of ineligible intervention comparisons considering
our inclusion criteria (Rezaei et al., 2018; Sarig Bahat et al,,
2015).

Characteristics of included trials

A comprehensive overview of all trials (n = 7) that met
the predefined criteria is provided in Table 1. The included
trials encompassed 9 intervention comparisons that included
8 interventions with cervical sensorimotor control training.
A total of 409 participants were included in the trials. Two
trials included only women (Jull et al., 2007; Rudolfsson et al.,
2014), while in others the proportion of women ranged from
50% to 85% (Gallego Izquierdo et al., 2016; Humphreys & Ir-
gens, 2002; Revel et al., 1994; Sarig Bahat et al., 2018; Tejera
et al., 2020). Mean duration of the interventions with cervical
sensorimotor control training was 6.1 weeks (4 to 11 weeks).
Three interventions included cervical proprioceptive training,
consisting of head relocation practice, gaze stability, eye-fol-
low and eye-head coordination exercises (Gallego Izquierdo
et al., 2016; Jull et al., 2007; Revel et al., 1994), two interven-
tions included kinematic or neck-specific training using vir-
tual reality (Sarig Bahat et al., 2018; Tejera et al.,, 2020) and
three interventions included eye-head-neck-upper limb coor-
dination exercises (Humphreys & Irgens, 2002), neck coordi-
nation exercise with a custom-made training device (Rudolfs-
son et al., 2014) and kinematic training with a laser pointer
(Sarig Bahat et al., 2018), respectively. In four intervention
comparisons, the comparator group received no treatment

(Humphreys & Irgens, 2002; Revel et al., 1994; Sarig Bahat et
al., 2018), while in five intervention comparisons the compar-
ator group received other conservative or non-conservative
treatments, including craniocervical flexion training (Gallego
Izquierdo et al., 2016; Jull et al., 2007), neck-specific exercises
(performing neck movements while maintaining craniocervi-
cal flexion) (Tejera et al., 2020), strength training for the neck
and shoulders (Rudolfsson et al., 2014), or massage (Rudolfs-
son et al., 2014).

Regarding the primary outcomes defined in the review, 4
trials investigated the short-term effects on cervicocephalic
kinesthetic awareness (cervical position sense or movement
sense) (Humphreys & Irgens, 2002; Jull et al., 2007; Revel et
al., 1994; Sarig Bahat et al., 2018), 1 on postural balance (Ru-
dolfsson et al., 2014) and 6 on pain intensity (Gallego Izqui-
erdo et al., 2016; Humphreys & Irgens, 2002; Jull et al., 2007;
Revel et al., 1994; Sarig Bahat et al., 2018; Tejera et al., 2020),
while 1 trial reported the results on the intermediate-term ef-
fects on pain intensity (Tejera et al., 2020). Long-term effects
on postural balance and pain intensity were only investigated
in 1 trial (Rudolfsson et al., 2014). Furthermore, the results on
the secondary outcomes defined in the review were reported
in 5 trials at short-term follow-up (Gallego Izquierdo et al,,
2016; Jull et al., 2007; Revel et al., 1994; Sarig Bahat et al., 2018;
Tejera et al., 2020), whereas only one trial included relevant
intermediate-term follow-up (Tejera et al., 2020) and another
trial included long-term follow-up (Rudolfsson et al., 2014).
In the included trials, short-term follow-up was conducted at
the end (Gallego Izquierdo et al., 2016; Humphreys & Irgens,
2002; Jull et al., 2007; Rudolfsson et al., 2014; Sarig Bahat et
al., 2018; Tejera et al., 2020), 2 weeks (Revel et al., 1994) or
1 month (Tejera et al., 2020) after the intervention, while in-
termediate- and long-term follow-up was conducted 3 (Tejera
et al., 2020) and 6 months (Rudolfsson et al., 2014) after the
intervention, respectively.

A quantitative synthesis of the results was performed
when adequate data were available for a particular outcome
from the included studies. In this regard, only the results on
pain intensity and subjective functional limitations at short-
term follow-up (considering the earliest follow-up point) were
synthesized, while the results on other outcomes could not be
summarized quantitatively due to insufficient data and con-
siderable differences in outcome reporting and assessment
methods.
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Table 1. Characteristics of included trials (intervention comparisons)

Authorand PEDro  Sample  Age* (I/C) and sex Intervephon . Comparator Intervgnhon Outcome
year (study ; . duration Modality . . dose (minutes/
; score size (I/C) of participants intervention measures
design) (weeks) week)
Gallego 1:29.93(7.34) Cervical
Izquierdo et al.,, 8 28 C:28.43(6.16) 8 roprioceptive Craniocervical 140 CCFT, NDI, PPT,
2016 (14/14)  Sex: males (35.7%) P f’raininp flexion training VAS
(RCT) and females (64.3%) 9
Humphreys & 28 22.6 (19-30)t Eyz—he:rdlgrr:i)ck— NR (2
Irgens, 2002 5 (14/14) Sex: males (50%) 4 corc))rr)dination No treatment sessions/day) HRA, VAS
(RCT) and females (50%) R Y
exercises
1:39.0(11.6) Cervical . .
Jull et al., 2007 58 ] . . Craniocervical
(RCT) 6 (28/30) C:42.7(10.8) 6 proprlggeptlve flexion training 70-140 JPE, NDI, NRS
Sex: females training
48(14) (25-80)t Drug intake
Revel et al,, 60 I: 47+ (25-74)t Cervical (NSAID, AD), HRA,
1994 4 (30/30) C: 46.5% (25-80)t 8 proprioceptive No treatment 60-80 ROM, self-assessed
(RCT) Sex: males (15%) training functional
and females (85%) improvement, VAS
Rudolfsson et 1:50.7(8.6) Neck cgordlpatlon Stfepgth Pos.tL.JraI sway,
70 exercise with a training for precision of goal
al, 2014 6 C:51.6(9.0) 1 60 .
(35/35) custom-made neck and directed arm
(RCT) Sex: females . .
training device shoulders movements
Fast axial cervical
o o Nk coton tors
al., 2014 6 C:51.2(9.0) 11 Massage 60 P . Vi
(35/31) custom-made precision of goal
(RCT) Sex: females - . .
training device directed arm
movements, ROM
. 1: 48+ (35.5,59)§ ) ) . Cervical motion
o g 60 Cases 5 o uirgaler . Noteament g Kinematics EQSD,
ket (30/30)  Sex: males (26.7%) ginter GPE, NDI, ROM,
and females (73.3%) P TSK, VAS
) I: 48% (38.5, 57.5)8 ) ) . Cervical motion
Sarelm? BZ?Jh1aSt « 7 60 C:48% (35, 59)§ 4 K'”S;?: tl\cligczlglmg No treatment 80 kinematics, EQ-5D,
(heT) (30/30)  Sex: males (30.0%) ré’a“t GPE, NDI, ROM,
and females (70.0%) Y TSK, VAS
29.7(10.81)
Tejeraetal., 44 1:32.72(11.63) Virtual reality- Neck-specific NR (2 CPM, FABQ, NDI,
2020 7 (22/22) C:26.68(9.21) 4 based neck- exergses sessions/ PASS-20, PCS, PPT,
(RCT) Sex: males (47.7%) specific training week) ROM, TS, TSK, VAS

and females (52.3%)

Note. AD: analgesic drugs; C: comparator group; CCFT: Craniocervical flexion test; CPM: Conditioned Pain Modulation; EQ-5D: EuroQoL 5-Dimension
Questionnaire; FABQ: The fear-avoidance beliefs questionnaire; GPE: Global perceived effect; HRA: head repositioning accuracy; I: intervention group; JPE:
joint position error; NDI: Neck Disability Index (subjective functional limitations related to neck pain disorders); NR: not reported; NRS: numerical rating scale;
NSAID: nonsteroidal anti-inflammatory drugs; PASS-20: Pain Anxiety Symptoms Scale; PCS: Pain Catastrophizing Scale; PPT: pressure pain thresholds; RCT:
randomized controlled trial; ROM: Active Cervical Range of Motion; TS: Temporal Summation; TSK: Tampa Scale of Kinesiophobia; VAS: visual analog scale
(pain intensity). *Values are presented as mean(SD) unless otherwise indicated. T Age range (min-max). + Median age. § Interquartile range of age (Q1, Q1).

Table 2. PEDro scores of included studies

- 2 £ B % b2 Se 82 o
> c c = Y a A Lo 292 9 © = 4
e B8 28 25 2§ § 5% :7 o8 E3 &5
sudy 5t £3 g8 B2 I £ £ E5 g g8 f: I
w7 €5 g5 8 2 B2 B 28 28 5 £z &
© om @ @ =5 QY QP K
Gallego Izquierdo et al. (2016) Y Y Y Y N N Y Y Y Y Y 8
Humphreys & Irgens (2002) Y Y N Y N N N Y N Y Y 5
Jull et al. (2007) Y Y N Y N N Y Y N Y Y 6
Revel et al. (1994) Y Y N Y N N N N N Y Y 4
Rudolfsson et al. (2014) Y Y N Y N N Y Y N Y Y 6
Sarig Bahat et al. (2018) Y Y Y Y N N Y N Y Y Y 7
Tejera et al. (2020) Y Y Y Y N N N Y Y Y Y 7
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Table 3. Summary of certainty of evidence using the GRADE approach

Number of Publication Certainty of
Outcome participants and Risk of Bias* Inconsistencyt Imprecision# Indirectness§ - evidence -
. Bias1
studies GRADE
Comparison: Cervical sensorimotor control training vs. no treatment
Short-term follow-up
Cervicocephalic 164 partl‘apants . S'GI’IO.US . Serious limitations, ) No serious
. . 3 studies (4 limitations, No serious No serious o ++00
kinesthetic . ; . : downgraded by Lo publication
intervention downgraded by inconsistency. indirectness. ) Low
awareness ; one level. bias.
comparisons) one level.
164 ici i . S .
6 partllapants . Sgrlqus ) Serious limitations, ) No serious
- . 3 studies (4 limitations, No serious No serious L ++00
Pain intensity . ; . - downgraded by - publication
intervention downgraded by  inconsistency. indirectness. ) Low
- one level. bias.
comparisons) one level.
Subjective 76 participants ) ) . Serious limitations, ) No serious
functional 1 study (2 No serious risk No serious downgraded by No serious publication +++0
o intervention of bias. inconsistency. indirectness. ) MODERATE
limitations . one level. bias.
comparisons)
136 participants Serious . . .
. ) L . Serious limitations, . No serious
Cervical range of 2 studies (3 limitations, No serious No serious o ++00
A . ] . : downgraded by A publication
motion intervention downgraded by  inconsistency. indirectness. ) LOow
. one level. bias.
comparisons) one level.
6 participants ) . . Serious limitations, ) No serious
Quality of life 1 study (2 No serious risk No serious downgraded by No serious publication +++0
intervention of bias. inconsistency. indirectness. . MODERATE
. one level. bias.
comparisons)
76 participants . . . Serious limitations, . No serious
Kinesiophobia 1 study (2 No serious risk No serious downgraded by No serious publication +++0
intervention of bias. inconsistency. indirectness. ) MODERATE
) one level. bias.
comparisons)
Comparison: Cervical sensorimotor control training vs. other conservative or non-conservative treatments
Short-term follow-up
. . . . Serious .
Cery|cocepha|lc 58 participants No serious risk No serious serious limitations, limitations, No serious ++00
kinesthetic ) ) ) downgraded by publication
1 study of bias. inconsistency. downgraded by ) LOwW
awareness one level. bias.
one level.
86 participants . . . Serious limitations, . Sgnqus No serious
1 study (2 No serious risk No serious limitations, . ++00
Postural balance . . ; . : downgraded by publication
intervention of bias. inconsistency. downgraded by ) LOwW
) one level. bias.
comparisons) one level.
serious Serious limitations serious No serious
Pain intensit 130 participants No serious risk limitations, downaraded b ! limitations, ublication +000
y 3 studies of bias. downgraded 9 y downgraded by pub VERY LOW
one level. bias.
by one level. one level.
- ’ . Serious -
SUbJe.CtNe 130 participants No serious risk No serious Serious limitations, limitations, No s.eno.us ++00
functional ) ; . : downgraded by publication
o 3 studies of bias. inconsistency. downgraded by ) LOW
limitations one level. bias.
one level.
Serious limitations Serious No serious
Cervical range of 44 participants No serious risk No serious ’ limitations, L ++00
) ; . : downgraded by publication
motion 1 study of bias. inconsistency. downgraded by ) LOW
one level. bias.
one level.
Serious limitations serious No serious
Craniocervical 28 participants No serious risk No serious ' limitations, o ++00
. . . : downgraded by publication
flexion test 1 study of bias. inconsistency. downgraded by - LOW
one level. bias.
one level.
Serious limitations serious No serious
- . 44 participants No serious risk No serious ! limitations, L ++00
Kinesiophobia . . : downgraded by publication
1 study of bias. inconsistency. downgraded by B LOW
one level. bias.
one level.
1-month follow-up
Serious limitations serious No serious
L . 44 participants No serious risk No serious ! limitations, o ++00
Pain intensity . . : downgraded by publication
1 study of bias. inconsistency. downgraded by . LOW
one level. one level bias.

(continued on next page)
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Table 3. Summary of certainty of evidence using the GRADE approach

Number of Publication Certainty of
Outcome participants and Risk of Bias* Inconsistencyt Imprecision# Indirectness§ Biasq evidence -
studies GRADE
R ) s Serious )
SUbJe.CtNe 44 participants No serious risk No serious serious limitations, limitations, No serous ++00
functional B ) A downgraded by publication
R 1 study of bias. inconsistency. downgraded by ) LOW
limitations one level. bias.
one level.
. . Serious .
Cervical range of 44 participants No serious risk No serious SZT:;; “r?étj;lgm’ limitations, NuobTiecgf()ig; ++00
motion 1 study of bias. inconsistency. 9 Y downgraded by publl Low
one level. bias.
one level.
. e Serious .
- . 44 participants No serious risk No serious serious limitations, limitations, No s.erlo.us ++00
Kinesiophobia ] . : downgraded by publication
1 study of bias. inconsistency. downgraded by ) LOwW
one level. bias.
one level.
Intermediate-term follow-up
. S Serious .
L . 44 participants No serious risk No serious Serious limitations, limitations, No sgrlqus ++00
Pain intensity ; . : downgraded by publication
1 study of bias. inconsistency. downgraded by ) Low
one level. bias.
one level.
R . . Serious .
SUbJe.the 44 participants No serious risk No serious serious limitations, limitations, No s.eno.us ++00
functional ; . : downgraded by publication
o 1 study of bias. inconsistency. downgraded by ) Low
limitations one level. bias.
one level.
. - - - . Serious limitations, . Sgrlqus No serious
Cervical range of 44 participants No serious risk No serious downaraded b limitations, ublication ++00
motion 1 study of bias. inconsistency. 9 y downgraded by pub LOwW
one level. bias.
one level.
. . . . Serious limitations, ) Sgnqus No serious
- . 44 participants No serious risk No serious limitations, s ++00
Kinesiophobia 5 . . downgraded by publication
1 study of bias. inconsistency. downgraded by ) Low
one level. bias.
one level.
Long-term follow-up
84 participants . . . Serious limitations, . S'erlo.us No serious
1 study (2 No serious risk No serious limitations, o ++00
Postural balance . . . . : downgraded by publication
intervention of bias. inconsistency. one level downgraded by bias LOW
comparisons) ’ one level. ’
. . . . Serious limitations, . Sgrlqus No serious
- . 57 participants No serious risk No serious limitations, L ++00
Pain intensity 5 . ) downgraded by publication
1 study of bias. inconsistency. downgraded by B LOW
one level. bias.
one level.
. o Serious .
Cervical range of 57 participants No serious risk No serious Szr;?:; I|rr:c|jt:;|gns, limitations, Nuobiigzg; ++00
motion 1 study of bias. inconsistency. 9 y downgraded by pubTh LOwW
one level. one level bias.

Note. GRADE: Grading of Recommendations Assessment, Development and Evaluation. ++++ (high): We have a lot of confidence that the true effect
is similar to the estimated effect. +++0 (moderate): We believe that the true effect is probably close to the estimated effect. ++00 (low): We believe
that the true effect might be markedly different from the estimated effect. +000 (very low): We believe that the true effect is probably markedly
different from the estimated effect. *Serious limitations were identified if more than 25% of studies were classified as being of less than good quality
with a PEDro score < 6. T Serious limitations were identified in case of statistically significant heterogeneity test, 12 > 50%, or if the direction of the
study results was different in the majority (>75%) of studies. ¥ Serious limitations were identified if sample size was smaller than 400, in case of wide
confidence intervals (Cls) when data were presented as standardized mean difference, or if comparisons included only a single study. § Serious
limitations were identified if the population, interventions and outcomes in the studies were not representative of those defined in the inclusion
criteria of the review. 9 Serious limitations were identified if the presented study results differed from the original protocol or study objectives.

Risk of bias and certainty of evidence

The results of risk of bias assessment using the PEDro scale
are presented in Table 2. PEDro scores ranged from 4 to 8 and
the mean PEDro score was 6.1 (SD 1.4). None of the studies
met the blind subjects and therapist criteria and most did not
meet the concealed allocation and intention-to-treat analysis
criteria (Humphreys & Irgens, 2002; Jull et al., 2007; Revel et
al., 1994; Rudolfsson et al., 2014).

The summary of certainty of evidence using the GRADE
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approach is presented in Table 3 and shows that the certainty
of evidence (GRADE) for individual outcomes ranged from
very low to moderate.

Effect of cervical sensorimotor control training versus no treatment

The results of three trials involving four interventions
(n = 164; low certainty of evidence due to high risk of bias
and imprecision) showed significant effectiveness of cervical
sensorimotor control training for improving cervicocephalic
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a

Intervention Comparator Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% C|  PEDro score
Humphreys & Irgens, 2002 7.00 21.96 14 1.00 22.02 14 185% 0.26 [-0.48; 1.01) — 510
Revel et al., 1994 2180 2520 30 4.30 1960 30 37.2% 0.77[0.24;1.29] 410
Sarig Bahat et al., 2018 16.50 30.08 26 6.33 30.76 13 229% 0.33[-0.34; 1.00] 18— M0
Sarig Bahatetal., 2018  16.69 31.52 25 6.33 30.76 12 21.4% 0.32[-0.37; 1.02] — 710
Total (95% ClI) 95 69 100.0% 0.48 [ 0.07; 0.89] ‘
Heterogeneity: Tau® = 0; Chi’ = 1.84, df = 3 (P = 0.61); F = 0% !
Test for overall effect: t; = 3.73 (P = 0.03) -1 05 0 05 1

Favors comparator Favors intervention

b

Std. Mean Difference Std. Mean Difference

Inter

=
Mean SD Total Mean SD Total Weight IV, Random, 95% CI EEDD S

Study IV, Random, 95% CI

T
Gallego Izquierdo et al., 2016 0.94 210 14 102 1.03 14 28.1% -0.05[-0.79; 0.69) 810
Jull et al., 2007 190 190 28 280220 30 37.8% -0.43[-0.95;0.09] - 6/10
Tejera et al., 2020 230268 22 116200 22 341% 047[-0.13;1.07] +—8— o
Total (95% Cl) 64 66 100.0% -0.02 [-1.18; 1.15] —%—
Heterogeneity: Tau® = 0.1392; Chi’ = 4.98, df = 2 (P = 0.08); I = 60%
Test for overall effect: t; = -0.06 (P = 0.96) -1 -05 0 0.5 1

Favors comparator Favors intervention
Figure 2. Forest plots for the effect of cervical sensorimotor control training versus (a) no
treatment (3 trials, n = 164) (Humphreys & Irgens, 2002; Revel et al., 1994; Sarig Bahat et al., 2018)
or (b) other conservative or non-conservative treatments (3 trials, n = 130) (Gallego Izquierdo et
al., 2016; Jull et al., 2007; Tejera et al., 2020) on pain intensity at short-term follow-up

kinesthetic awareness at short-term follow-up compared with
no treatment (Humphreys & Irgens, 2002; Revel et al., 1994;
Sarig Bahat et al., 2018), which was associated with greater im-
provement in head repositioning accuracy, measured with a
laser pointer (p<0.05) (Humphreys & Irgens, 2002; Revel et al.,
1994), and various cervical motion kinematics measured with
a customized neck virtual reality system (p<0.05) (Sarig Ba-
hat et al.,, 2018). In addition, the above-mentioned three trials
with four interventions also compared the short-term effects
of cervical sensorimotor control training and no treatment on
pain intensity (Humphreys & Irgens, 2002; Revel et al., 1994;
Sarig Bahat et al., 2018). The pooled SMD was 0.48 (95% CI:
0.07 to 0.89; p = 0.03; n = 164; 12 = 0%; low certainty of evi-
dence due to high risk of bias and imprecision) (Figure 2a),
indicating a medium effect in favor of cervical sensorimotor
control training on reducing pain intensity at short-term fol-
low-up compared to no treatment.

With respect to the secondary outcomes, based on pooled
results from a single 3-arm trial involving 76 subjects, there
is moderate certainty of evidence (due to imprecision) for no
additional benefit of cervical sensorimotor control training

compared with no treatment in reducing subjective functional
limitations at short-term follow-up (SMD = 0.32; 95% CI: -0.90
to 1.53; p = 0.19; 12 = 0%) (Figure 3a) (Sarig Bahat et al., 2018).
Furthermore, the short-term effects of cervical sensorimotor
control training on improving cervical ROM were compared
with no treatment in two trials (n = 136; low certainty of ev-
idence due to high risk of bias and imprecision) (Revel et al.,
1994; Sarig Bahat et al., 2018). In the first trial, the interven-
tion group demonstrated greater improvement in cervical ROM
(measured with a linear measure) from right to left rotation (p
=0.007), but not from flexion to extension (Revel et al., 1994),
while in the second trial (3-arm trial), no differences were found
between groups in cervical ROM improvement (measured with
a customized neck virtual reality system) (Sarig Bahat et al,,
2018). According to the results of the aforementioned 3-arm
trial, there is moderate certainty of evidence (n = 76; limitations
in imprecision) that there is no difference in the short-term ef-
fects of cervical sensorimotor control training on quality of life
(assessed by EuroQoL 5-Dimension Questionnaire) and kine-
siophobia (assessed by Tampa Scale of Kinesiophobia (TSK))
compared to no treatment (Sarig Bahat et al., 2018).

a Inter i Comp o Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI  PEDro score
Sarig Bahatetal, 2018 531 19.31 26 1.12 1593 13 520% 0.22[-0.44;0.89) —ie 7110
Sarig Bahatetal, 2018 9.13 2007 25 1.12 1593 12 480% 0.42[-0.28; 1.11) —— 7110
Total (95% Cl) 51 25 100.0%  0.32 [-0.90; 1.53] —cTERE—

T

Heterogeneity: Tau” = 0; Chi® = 0.15, df = 1 (P = 0.70); I = 0%
Test for overall effect: t; = 3.31 (P = 0.19)

b

T | [ | T 1

15 1 05 0 05 1 15
Favors comparator Favors intervention

Inter i Comparator Std. Mean Difference Std. Mean Difference PEDro score
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
I
Gallego Izquierdo et al., 2016 3.29 216 14 325 203 14 216% 0.02[-0.72; 0.76] 810
Jull et al., 2007 840830 28 690 530 30 444% 021[-0.30;0.73) — = 610
Tejera et al., 2020 6.82 917 22 664 10.75 22 34.0% 0.02[-0.57;0.61] : 710
Total (95% CI) 64 66 100.0%  0.10 [-0.19; 0.40] #

Heterogeneity: Tau” = 0; Chi’ = 0.31, df = 2 (P = 0.86); I = 0%
Test for overall effect: t; = 1.51 (P = 0.27)

-06-04-02 0 0204 06
Favors comparator Favors intervention
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Figure 3. Forest plots for the effect of cervical sensorimotor control training versus (a) no treatment
(1 3-arm trial, n = 76) (Sarig Bahat et al., 2018) or (b) other conservative or non-conservative
treatments (3 trials, n = 130) (Gallego Izquierdo et al., 2016; Jull et al., 2007; Tejera et al., 2020) on
subjective functional limitations at short-term follow-up
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Effect of cervical sensorimotor control training versus other
conservative or non-conservative treatments

Regarding the primary outcomes, a single trial (n = 58;
low certainty of evidence due to imprecision and indirectness)
comparing the short-term effects of cervical sensorimotor
control training and craniocervical flexion training on cervi-
cocephalic kinesthetic awareness (by measuring cervical joint
position error (JPE) with a 3-Space Fastrak device) reported
greater improvement in the former group, which was related to
greater reduction in JPE from right rotation (p<0.05), but there
were no differences in reduction in JPE from left rotation and
extension between the two groups (Jull et al., 2007). Further-
more, a 3-arm trial reported no differences in the short- and
long-term effects of cervical sensorimotor control training on
improving postural balance (measured with a force platform)
compared with strength training for the neck and shoulders or
massage (short-term follow-up: n = 86, long-term follow-up: n
= 84; low certainty of evidence due to imprecision and indirect-
ness) (Rudolfsson et al., 2014). Three trials involving 130 sub-
jects examined the short-term effects of cervical sensorimotor
control training on pain intensity in comparison with other
conservative or non-conservative treatments (Gallego Izquier-
do et al., 2016; Jull et al., 2007; Tejera et al., 2020). At short-
term follow-up, cervical sensorimotor control training was no
better than other conservative or non-conservative treatments
in reducing pain (SMD = -0.02; 95% CI: -1.18 to 1.15; p = 0.96;
12 = 60%; very low certainty of evidence due to inconsistency,
imprecision and indirectness) (Figure 2b). Furthermore, no
between-group differences were reported in reduction of pain
intensity at 1-month and intermediate-term follow-up (1 tri-
al; n = 44; low certainty due to imprecision and indirectness)
(Tejera et al., 2020), as well as in reduction of pain intensity at
long-term follow-up (1 trial; n = 57; low certainty due to im-
precision and indirectness) (Rudolfsson et al., 2014).

The short-term effects of cervical sensorimotor control
training on subjective functional limitations compared with
other conservative or non-conservative treatments were exam-
ined in three trials involving 130 subjects (Gallego Izquierdo
et al., 2016; Jull et al., 2007; Tejera et al., 2020). As shown in
Figure 3b, the overall effect was non-significant, indicating that
cervical sensorimotor control training was no better than other
conservative or non-conservative treatments in reducing sub-
jective functional limitations in the short term (SMD = 0.10;
95% CI: -0.19 to 0.40; p = 0.27; 12 = 0%; low certainty of ev-
idence due to imprecision and indirectness). Furthermore, a
single trial (n = 44; low certainty due to imprecision and in-
directness) reported significant between-group differences
(p<0.05) in reduction of kinesiophobia (assessed by TSK) at
intermediate-term follow-up in favor of cervical sensorimotor
control training when compared with neck-specific exercises
(Tejera et al.,, 2020). However, the aforementioned trial also
found no differences between groups in the effects on subjec-
tive functional limitations at 1-month and intermediate-term
follow-up, on cervical ROM (measured with the cervical range
of motion (CROM) device) at short-term, 1-month and inter-
mediate-term follow-up, and on kinesiophobia at short-term
and 1-month follow-up (Tejera et al., 2020). In addition, cer-
vical sensorimotor control training was found to be no better
than craniocervical flexion training in improving performance
in CCFT at short-term follow-up, based on low certainty of ev-
idence (1 trial; n = 28; limitations in imprecision and indirect-
ness) (Gallego Izquierdo et al., 2016), nor in improving cervical
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ROM at long-term follow-up when compared with massage,
as reported in a 3-arm trial (n = 57; low certainty of evidence
due to imprecision and indirectness) (Rudolfsson et al., 2014).

Discussion

This systematic review and meta-analysis aimed to investi-
gate the effectiveness of cervical sensorimotor control training
for the management of chronic NP disorders by evaluating its ef-
fects on various subjective and objective outcome measures. The
review found low-certainty evidence that cervical sensorimotor
control training was superior to no treatment for improving cer-
vicocephalic kinesthetic awareness and reducing pain intensity at
short-term follow-up. However, the only study that showed a sig-
nificant effect on pain and significantly influenced the pooled ef-
fect showed high risk of bias (Revel et al., 1994), which may lead
to an overestimation of the actual intervention effect. Further-
more, according to low-to-moderate certainty of evidence, there
were no between-group differences at short-term follow-up in
improving subjective functional limitations, ROM, quality of life
and kinesiophobia. When cervical sensorimotor control training
was compared to other conservative or non-conservative treat-
ments, no differences were found between groups in improving
pain and ROM at any follow-up (very low-to-low certainty of ev-
idence), subjective functional limitations at short-term, 1-month
and intermediate-term follow-up (low-certainty evidence), per-
formance on the CCFT at short-term follow-up (low-certainty
evidence), postural balance at short- and long-term follow-up
(low-certainty evidence), and kinesiophobia at short-term and
1-month follow-up (low-certainty evidence). There is low-cer-
tainty evidence that cervical sensorimotor control training was
better than other conservative or non-conservative treatments
for reducing kinesiophobia at intermediate-term follow-up, as
well as cervicocephalic kinesthetic awareness at short-term fol-
low-up, however this was demonstrated only for one out of three
head-to-neutral movement directions.

While the presented results are based on a smaller number
of studies, our review fills an important gap in the literature by
providing a comprehensive overview of the available evidence
concerning the effectiveness of cervical sensorimotor control
training for chronic NP disorders by examining the effects on
several objective and subjective outcomes. In contrast, previous
systematic reviews and meta-analyses have predominantly fo-
cused on specific training modalities aimed at improving only
one aspect of cervical sensorimotor control (i.e., eye-head coor-
dination exercises, head relocation practice and/or gaze stability
or eye-follow exercises (Gross et al., 2015; McCaskey et al., 2014;
Petersen et al., 2013), and neck-specific training using virtual re-
ality (Ahern et al., 2020; Grassini, 2022)). As a consequence, the
focus of these reviews was limited and included a narrower range
of interventions. The findings of the present review question the
effectiveness of cervical sensorimotor control training as a stand-
alone rehabilitation program for chronic NP disorders, partic-
ularly when compared with other conservative or non-conser-
vative treatments. However, such training might demonstrate
greater effects as part of a multimodal treatment, as many recent
studies have shown positive results from interventions combin-
ing cervical sensorimotor control training with other types of
rehabilitation approaches (Cetin et al., 2022; Espi-Lopez et al.,
2021; Nusser et al., 2021; Pérez-Cabezas et al., 2020; Reddy et al.,
2021; Saadat et al., 2019; Sremakaew et al., 2023).

Cervical sensorimotor control exercises are thought to im-
prove position and movement sense of the cervical spine and
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improve neural connections between the neck, eyes and vestib-
ular system (Bolton, 1998; Gallego Izquierdo et al., 2016; Jull et
al., 2007; Qu et al., 2022; Sarig Bahat et al., 2015). The reduction
in perceived neck pain when training precise head and neck
movements with these exercises could be due to improved fine
control of head and neck movements in response to surround-
ing stimuli (Gallego Izquierdo et al., 2016; Nusser et al., 2021;
Qu et al., 2022; Sarig Bahat et al., 2015, 2018), which may lead
to better pain control (Revel et al., 1994). This notion has been
supported by a recent article in which experimentally induced
neck pain in healthy subjects resulted in increased cervical JPE
when moving from flexion to the neutral position (Wang et al.,
2022). These results demonstrate that the presence of pain is
associated with altered cervicocephalic kinesthetic awareness,
implying that an improvement in the latter could conversely
have an influence on neck pain. In addition to the improved
ability to move the head further and more precisely (Sarig Ba-
hat et al., 2015, 2018), specific exercises for sensorimotor con-
trol of the cervical spine (i.e., cervical proprioceptive training)
have also shown effects on other aspects of neuromuscular
function, specifically the coordination between the deep and
superficial cervical flexors, as measured by performing CCFT
(Gallego Izquierdo et al., 2016), which could lead to a reduc-
tion in neck pain due to more efficient muscle recruitment
patterns and support of the cervical segments (Jull et al., 2007;
Mayoux-Benhamou et al., 1994). Moreover, eye-head coordi-
nation exercises could have an effect on the activation of the
suboccipital muscles (Bexander & Hodges, 2023), which, like
the deep cervical flexors, have a high density of muscle spindles
(Boyd-Clark et al., 2002; Liu et al., 2003), further indicating the
effect of such training on neuromuscular coordination of the
deep cervical muscles.

Although the results of this review showed that cervical
sensorimotor control training was not superior in terms of its
effects on most outcomes, significant improvements in cervico-
cephalic kinesthetic awareness were demonstrated. Moreover,
the same three studies with four intervention comparisons that
reported significant effects of cervical sensorimotor control
training for improving cervicocephalic kinesthetic awareness in
the short term compared with no treatment also demonstrat-
ed a significant overall effect on pain reduction at short-term
follow-up in favor of cervical sensorimotor training in the me-
ta-analysis (Humphreys & Irgens, 2002; Revel et al., 1994; Sarig
Bahat et al., 2018). In view of the above, exercises aimed at en-
hancing cervical sensorimotor control could be considered an
important element in the rehabilitation of patients with chronic
NP disorders. Nevertheless, as findings of this review are based
on a small number of studies, it is not possible to draw conclu-
sions about the effectiveness of cervical sensorimotor control
training for the management of chronic NP disorders based on
the currently available evidence. Therefore, further studies of
high quality are needed in this research area, that would focus
not only on the assessment of subjective but also on objective
outcome measures (e.g., neck mobility and motor control),
which are equally important for clinical evaluation.

Limitations

The findings of our review are based on very low-to-mod-
erate certainty of evidence and should be considered with cau-
tion. Given the small number of included studies and the asso-
ciated small sample sizes, imprecision was the most common
reason for downgrading the certainty of evidence. Indirectness
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was also a common limitation due to nonrepresentative popu-
lations in certain studies that included only one sex (i.e., wom-
en) (Jull et al., 2007; Rudolfsson et al., 2014) or included only
participants with chronic non-specific NP thereby excluding
chronic NP of traumatic origin (Gallego Izquierdo et al., 2016;
Rudolfsson et al., 2014; Tejera et al., 2020). In addition, 2 of the
7 included studies presented with high risk of bias, which fur-
ther limited the evidence regarding the effects on specific out-
comes (Humphreys & Irgens, 2002; Revel et al., 1994). Further-
more, the pooled results were presented with wide 95% Cls,
which is related to the small number of studies and, in one case,
to substantial heterogeneity between studies. The latter may be
due to variability in the outcome measures, as 1 study used
NRS (Jull et al., 2007), while the other 2 studies used VAS to
measure pain intensity (Gallego Izquierdo et al., 2016; Tejera et
al., 2020). Lastly, due to the lack of available data, variability in
the outcome measurements and lack of longer-term follow-ups
we were unable to synthesize the evidence regarding the effects
on the objective and certain subjective outcomes, which, in
addition to pain and subjective functional limitations, are also
important health-related outcomes in clinical practice.

Conclusions

There is low-certainty evidence that cervical sensorimotor
control training is more effective for improving cervicocephalic
kinesthetic awareness and reducing pain in the short term com-
pared to no treatment, and for reducing kinesiophobia in the
intermediate term compared to other conservative or non-con-
servative treatments. However, based on the available evidence,
no conclusions can be drawn about the effectiveness of cervical
sensorimotor control training for the management of chronic
NP disorders as a stand-alone rehabilitation program. Although
the aim of our systematic review and meta-analysis was to in-
vestigate solely the effectiveness of cervical sensorimotor con-
trol training to investigate the causality by isolating the effect
of a specific rehabilitation approach, clinical practice guidelines
support multimodal treatment approaches. Therefore, more
concise evidence should be gathered in the future to investigate
the effectiveness of combined treatment approaches including
also cervical sensorimotor control exercises.

Conflict of interest
The authors declare no conflict of interest.

Funding

This work was supported by the Slovenian Research Agen-
cy within the research programs; Kinesiology of monostruc-
tural, polystructural and conventional sports No P5-0147 (L.L.,
M.P. and Z.M.R.) and Bio-psycho-social context of kinesiolo-
gy No P5-0142 (V.S.).

Data availability

Data (i.e., material used for the review, including detailed
database search process, data extraction, data used for analyses,
code and documentation of statistical analysis, etc.) are avail-
able from the corresponding author upon reasonable request.

References

Ahern, M. M., Dean, L. V,, Stoddard, C. C., Agrawal, A., Kim,
K., Cook, C.E., & Garcia, A. N. (2020). The Effectiveness of
Virtual Reality in Patients With Spinal Pain: A Systematic
Review and Meta-Analysis. Pain Practice, 20(6), 656-675.

DOI 10.26773/mjssm.250302



https://doi.org/10.1111/papr.12885

Alalawi, A., Devecchi, V., Gallina, A., Luque-Suarez, A.,
& Falla, D. (2022). Assessment of Neuromuscular and
Psychological Function in People with Recurrent Neck
Pain during a Period of Remission: Cross-Sectional and
Longitudinal Analyses. Journal of Clinical Medicine, 11(7),
2042. https://doi.org/10.3390/jcm11072042

Armijo-Olivo, S., Costa, B. R. da, Cummings, G. G., Ha,
C., Fuentes, J., Saltaji, H., & Egger, M. (2015). PEDro or
Cochrane to Assess the Quality of Clinical Trials? A Meta-
Epidemiological Study. PLOS ONE, 10(7), e0132634.
https://doi.org/10.1371/journal.pone.0132634

Asiri, E, Reddy, R. S., Tedla, J. S., ALMohiza, M. A,
Alshahrani, M. S., Govindappa, S. C., & Sangadala, D.
R. (2021). Kinesiophobia and its correlations with pain,
proprioception, and functional performance among
individuals with chronic neck pain. PloS One, 16(7),
€0254262. https://doi.org/10.1371/journal.pone.0254262

Bexander, C. S. M., & Hodges, P. W. (2023). Neck muscle
activation in response to eye movement depends on sitting
posture and is modified in whiplash associated disorders:
Cross-sectional study. Musculoskeletal Science and Practice,
67,102837. https://doi.org/10.1016/j.msksp.2023.102837

Bier, J. D., Scholten-Peeters, W. G. M., Staal, J. B., Pool, ],
van Tulder, M. W.,, Beekman, E., Knoop, J., Meerhoff, G.,
& Verhagen, A. P. (2018). Clinical Practice Guideline for
Physical Therapy Assessment and Treatment in Patients
With Nonspecific Neck Pain. Physical Therapy, 98(3), 162—
171. https://doi.org/10.1093/ptj/pzx118

Blanpied, P. R., Gross, A. R,, Elliott, J. M., Devaney, L. L.,
Clewley, D., Walton, D. M., Sparks, C., & Robertson,
E. K. (2017). Neck Pain: Revision 2017. The Journal of
Orthopaedic and Sports Physical Therapy, 47(7), A1-A83.
https://doi.org/10.2519/jospt.2017.0302

Bolton, P. S. (1998). The somatosensory system of the neck
and its effects on the central nervous system. Journal of
Manipulative and Physiological Therapeutics, 21(8), 553-
563.

Boyd-Clark, L. C., Briggs, C. A.,, & Galea, M. P. (2002).
Muscle spindle distribution, morphology, and density in
longus colli and multifidus muscles of the cervical spine.
Spine, 27(7), 694-701. https://doi.org/10.1097/00007632-
200204010-00005

Cashin, A. G., & McAuley, J. H. (2020). Clinimetrics:
Physiotherapy Evidence Database (PEDro) Scale. Journal
of Physiotherapy, 66(1), 59. https://doi.org/10.1016/j.
jphys.2019.08.005

Castellini, G., Pillastrini, P., Vanti, C., Bargeri, S., Giagio,
S., Bordignon, E., Fasciani, F, Marzioni, F, Innocenti,
T., Chiarotto, A., Gianola, S., & Bertozzi, L. (2022).
Some conservative interventions are more effective than
others for people with chronic non-specific neck pain: A
systematic review and network meta-analysis. Journal of
Physiotherapy, 68(4), 244-254. https://doi.org/10.1016/j.
jphys.2022.09.007

Cetin, H., Kose, N., & Oge, H. K. (2022). Virtual reality and
motor control exercises to treat chronic neck pain: A
randomized controlled trial. Musculoskeletal Science
and Practice, 62, 102636. https://doi.org/10.1016/j.
msksp.2022.102636

Chiu, T. T. W,, Law, E. Y. H, & Chiu, T. H. E (2005).
Performance of the craniocervical flexion test in subjects

DOI 10.26773/mjssm.250302

CERVICAL SENSORIMOTOR TRAINING IN NECK PAIN | I. LUZNIK ET AL.

with and without chronic neck pain. The Journal of
Orthopaedic and Sports Physical Therapy, 35(9), 567-571.
https://doi.org/10.2519/jospt.2005.35.9.567

Cohen, S. P. (2015). Epidemiology, Diagnosis, and Treatment
of Neck Pain. Mayo Clinic Proceedings, 90(2), 284-299.
https://doi.org/10.1016/j.mayocp.2014.09.008

de Morton, N. A. (2009). The PEDro scale is a valid measure of
the methodological quality of clinical trials: A demographic
study. The Australian Journal of Physiotherapy, 55(2), 129-
133. https://doi.org/10.1016/s0004-9514(09)70043-1

de Vries, J., Ischebeck, B. K., Voogt, L. P, van der Geest, J. N,
Janssen, M., Frens, M. A., & Kleinrensink, G. J. (2015).
Joint position sense error in people with neck pain: A
systematic review. Manual Therapy, 20(6), 736-744.
https://doi.org/10.1016/j.math.2015.04.015

de Zoete, R. M. ], Armfield, N. R., McAuley, J. H., Chen, K., &
Sterling, M. (2021). Comparative effectiveness of physical
exercise interventions for chronic non-specific neck
pain: A systematic review with network meta-analysis of
40 randomised controlled trials. British Journal of Sports
Medicine, 55(13), 730-742. https://doi.org/10.1136/
bjsports-2020-102664

Demirbiiken, 1., Ozgiil, B., Kuru Colak, T., Aydogdu, O., Sar1,
Z., & Yurdalan, S. U. (2016). Kinesiophobia in relation to
physical activity in chronic neck pain. Journal of Back and
Musculoskeletal Rehabilitation, 29(1), 41-47. https://doi.
org/10.3233/BMR-150594

Devecchi, V., Rushton, A. B., Gallina, A., Heneghan, N. R., &
Falla, D. (2021). Are neuromuscular adaptations present
in people with recurrent spinal pain during a period
of remission? A systematic review. PLOS ONE, 16(4),
€0249220. https://doi.org/10.1371/journal.pone.0249220

Ellis, P. (2010). The Essential Guide to Effect Sizes: Statistical
Power, Meta-Analysis, and the Interpretation of Research
Results. The Essential Guide to Effect Sizes: Statistical Power,
Meta-Analysis, and the Interpretation of Research Results.
https://doi.org/10.1017/CBO9780511761676

Espi-Loépez, G. V., Aguilar-Rodriguez, M., Zarzoso, M., Serra-
Ao, P, Fuente, ]. M. M. D. L., Inglés, M., & Marques-
Sule, E. (2021). Efficacy of a proprioceptive exercise
program in patients with nonspecific neck pain: A
randomized controlled trial. European Journal of Physical
and Rehabilitation Medicine, 57(3), 397-405. https://doi.
org/10.23736/51973-9087.20.06302-9

Furlan, A. D., Malmivaara, A., Chou, R., Maher, C. G., Deyo,
R. A., Schoene, M., Bronfort, G., van Tulder, M. W,, &
Editorial Board of the Cochrane Back, Neck Group. (2015).
2015 Updated Method Guideline for Systematic Reviews in
the Cochrane Back and Neck Group. Spine, 40(21), 1660—
1673. https://doi.org/10.1097/BRS.0000000000001061

Gallego Izquierdo, T., Pecos-Martin, D., Lluch Girbés, E,,
Plaza-Manzano, G., Rodriguez Caldentey, R., Mayor
Melus, R., Blanco Mariscal, D., & Falla, D. (2016).
Comparison of cranio-cervical flexion training versus
cervical proprioception training in patients with chronic
neck pain: A randomized controlled clinical trial. Journal
of Rehabilitation Medicine, 48(1), 48-55. https://doi.
org/10.2340/16501977-2034

Grassini, S. (2022). Virtual Reality Assisted Non-
Pharmacological Treatments in Chronic Pain Management:
A Systematic Review and Quantitative Meta-Analysis.
International Journal of Environmental Research and Public

13



CERVICAL SENSORIMOTOR TRAINING IN NECK PAIN | I. LUZNIK ET AL.

Health, 19(7), 4071. https://doi.org/10.3390/ijerph 19074071

Gross, A., Kay, T. M., Paquin, J.-P, Blanchette, S., Lalonde, P,
Christie, T., Dupont, G., Graham, N., Burnie, S. J., Gelley,
G., Goldsmith, C. H., Forget, M., Hoving, J. L., Brenfort,
G., Santaguida, P. L., & Group, C. O. (2015). Exercises
for mechanical neck disorders. Cochrane Database of
Systematic Reviews, 1. https://doi.org/10.1002/14651858.
CD004250.pub5

Guyatt, G., Oxman, A. D., Akl, E. A, Kunz, R., Vist, G,
Brozek, J., Norris, S., Falck-Ytter, Y., Glasziou, P,
DeBeer, H., Jaeschke, R., Rind, D., Meerpohl, J., Dahm,
P, & Schiinemann, H. J. (2011). GRADE guidelines: 1.
Introduction-GRADE evidence profiles and summary of
findings tables. Journal of Clinical Epidemiology, 64(4),
383-394. https://doi.org/10.1016/j.jclinepi.2010.04.026

Herbert, R., Moseley, A., & Sherrington, C. (1998). PEDro: A
database of randomised controlled trials in physiotherapy.
Health Information Management: Journal of the Health
Information Management Association of Australia, 28(4),
186-188. https://doi.org/10.1177/183335839902800410

Higgins, J. P. T., Thomas, J., Chandler, J., Cumpston, M., Li,
T., Page, M. J., & Welch, V.A. (Eds.). (2022) Cochrane
Handbook for Systematic Reviews of Interventions (Version
6.3, updated February 2022). Cochrane. www.training.
cochrane.org/handbook

Humphreys, B. K., & Irgens, P. M. (2002). The Effect of a
Rehabilitation Exercise Program on Head Repositioning
Accuracy and Reported Levels of Pain in Chronic Neck
Pain Subjects. Journal of Whiplash ¢ Related Disorders,
1(1), 99-112. https://doi.org/10.3109/J180v01n01_09

Hurwitz, E. L., Randhawa, K., Yu, H., Coté, P.,, & Haldeman, S.
(2018). The Global Spine Care Initiative: A summary of the
global burden of low back and neck pain studies. European
Spine Journal, 27(6), 796-801. https://doi.org/10.1007/
s00586-017-5432-9

Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid,
C. H., Cameron, C,, Ioannidis, J. P. A., Straus, S., Thorlund,
K., Jansen, J. P, Mulrow, C., Catald-Lopez, E, Gotzsche, P.
C., Dickersin, K., Boutron, I., Altman, D. G., & Moher, D.
(2015). The PRISMA extension statement for reporting of
systematic reviews incorporating network meta-analyses
of health care interventions: Checklist and explanations.
Annals of Internal Medicine, 162(11), 777-784. https://doi.
org/10.7326/M14-2385

Jull, G. (2016). Discord Between Approaches to Spinal
and Extremity Disorders: Is It Logical? The Journal of
Orthopaedic and Sports Physical Therapy, 46(11), 938-941.
https://doi.org/10.2519/jospt.2016.0610

Jull, G. A., Falla, D., Vicenzino, B., & Hodges, P. W. (2009).
The effect of therapeutic exercise on activation of the deep
cervical flexor muscles in people with chronic neck pain.
Manual Therapy, 14(6), 696-701. https://doi.org/10.1016/j.
math.2009.05.004

Jull, G. A., OLeary, S. P, & Falla, D. L. (2008). Clinical
assessment of the deep cervical flexor muscles: The
craniocervical flexion test. Journal of Manipulative and
Physiological Therapeutics, 31(7), 525-533. https://doi.
0rg/10.1016/}.jmpt.2008.08.003

Jull, G., Falla, D., Treleaven, J., Hodges, P., & Vicenzino, B.
(2007). Retraining cervical joint position sense: The effect
of two exercise regimes. Journal of Orthopaedic Research,
25(3), 404-412. https://doi.org/10.1002/jor.20220

14

Kazeminasab, S., Nejadghaderi, S. A., Amiri, P.,, Pourfathi,
H., Araj-Khodaei, M., Sullman, M. J. M., Kolahi, A.-A., &
Safiri, S. (2022). Neck pain: Global epidemiology, trends
and risk factors. BMC Musculoskeletal Disorders, 23(1), 26.
https://doi.org/10.1186/s12891-021-04957-4

Knapp, G., & Hartung, J. (2003). Improved tests for a random
effects meta-regression with a single covariate. Statistics
in Medicine, 22(17), 2693-2710. https://doi.org/10.1002/
sim.1482

Kristjansson, E., & Treleaven, J. (2009). Sensorimotor Function
and Dizziness in Neck Pain: Implications for Assessment
and Management. Journal of Orthopaedic & Sports
Physical Therapy, 39(5), 364-377. https://doi.org/10.2519/
jospt.2009.2834

Lin, R.-E, Chang, J.-J., Lu, Y.-M., Huang, M.-H., & Lue,
Y.-J. (2010). Correlations between quality of life and
psychological factors in patients with chronic neck pain.
The Kaohsiung Journal of Medical Sciences, 26(1), 13-20.
https://doi.org/10.1016/S1607-551X(10)70003-6

Liu, J.-X., Thornell, L.-E., & Pedrosa-Domell6f, F. (2003).
Muscle Spindles in the Deep Muscles of the Human Neck:
A Morphological and Immunocytochemical Study. Journal
of Histochemistry & Cytochemistry, 51(2), 175-186. https://
doi.org/10.1177/002215540305100206

Luque-Suarez, A., Martinez-Calderon, J., & Falla, D. (2019).
Role of kinesiophobia on pain, disability and quality of life
in people suffering from chronic musculoskeletal pain: A
systematic review. British Journal of Sports Medicine, 53(9),
554-559. https://doi.org/10.1136/bjsports-2017-098673

Macedo, L. G., Elkins, M. R., Maher, C. G., Moseley, A. M.,
Herbert, R.D., & Sherrington, C. (2010). There was evidence
of convergent and construct validity of Physiotherapy
Evidence Database quality scale for physiotherapy trials.
Journal of Clinical Epidemiology, 63(8), 920-925. https://
doi.org/10.1016/j.jclinepi.2009.10.005

Mabher, C. G., Sherrington, C., Herbert, R. D., Moseley, A.
M., & Elkins, M. (2003). Reliability of the PEDro scale
for rating quality of randomized controlled trials. Physical
Therapy, 83(8), 713-721.

Mayoux-Benhamou, M. A., Revel, M., Vallée, C., Roudier, R.,
Barbet, J. P, & Bargy, F. (1994). Longus colli has a postural
function on cervical curvature. Surgical and Radiologic
Anatomy: SRA, 16(4), 367-371. https://doi.org/10.1007/
BF01627655

McCaskey, M. A., Schuster-Amft, C., Wirth, B., Suica, Z,
& Bruin, E. D. de. (2014). Effects of proprioceptive
exercises on pain and function in chronic neck- and low
back pain rehabilitation: A systematic literature review.
BMC Musculoskeletal Disorders, 15(1), 382. https://doi.
org/10.1186/1471-2474-15-382

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA
Group. (2009). Preferred reporting items for systematic
reviews and meta-analyses: The PRISMA statement.
Journal of Clinical Epidemiology, 62(10), 1006-1012.
https://doi.org/10.1016/j.jclinepi.2009.06.005

Nolet, P. S., Coté, P, Kristman, V. L., Rezai, M., Carroll, L. J.,
& Cassidy, J. D. (2015). Is neck pain associated with worse
health-related quality of life 6 months later? A population-
based cohort study. The Spine Journal: Official Journal of
the North American Spine Society, 15(4), 675-684. https://
doi.org/10.1016/j.spinee.2014.12.009

Nusser, M., Kramer, M., Knapp, S. & Krischak, G.

DOI 10.26773/mjssm.250302



(2021). Effects of virtual reality-based neck-specific
sensorimotortraining in patients with chronic neck pain: A
randomized controlled pilot trial. Journal of Rehabilitation
Medicine, 53(2). https://doi.org/10.2340/16501977-2786

Pedisic, Z., Pranic, S., & Jurakic, D. (2013). Relationship
of Back and Neck Pain With Quality of Life in the
Croatian General Population. Journal of Manipulative and
Physiological Therapeutics, 36(5), 267-275. https://doi.
org/10.1016/j.jmpt.2013.05.012

Peng, B, Yang, L, Li, Y., Liu, T., & Liu, Y. (2021). Cervical
Proprioception Impairment in Neck Pain-Pathophysiology,
Clinical Evaluation, and Management: A Narrative Review.
Pain and Therapy, 10(1), 143-164. https://doi.org/10.1007/
s40122-020-00230-z

Pérez-Cabezas, V., Ruiz-Molinero, C., Jimenez-Rejano, J.
J., Chamorro-Moriana, G., Gonzalez-Medina, G., &
Chillon-Martinez, R. (2020). Effectiveness of an Eye-
Cervical Re-Education Program in Chronic Neck
Pain: A Randomized Clinical Trial. Evidence-Based
Complementary and Alternative Medicine, 2020, 1-9.
https://doi.org/10.1155/2020/2760413

Petersen, C. M., Zimmermann, C. L., & Tang, R. (2013).
Proprioception interventions to improve cervical position
sense in cervical pathology. International Journal of
Therapy and Rehabilitation, 20(3), 154-163.

Proske, U., & Gandevia, S. C. (2012). The Proprioceptive
Senses: Their Roles in Signaling Body Shape, Body
Position and Movement, and Muscle Force. Physiological
Reviews, 92(4), 1651-1697. https://doi.org/10.1152/
physrev.00048.2011

Qu, N,, Tian, H., Martino, E. D., & Zhang, B. (2022). Neck
Pain: Do We Know Enough About the Sensorimotor
Control System? Frontiers in Computational Neuroscience,
16, 946514. https://doi.org/10.3389/fncom.2022.946514

R Core Team. (2023). R: A Language and Environment
for Statistical Computing. R Foundation for Statistical
Computing. https://www.R-project.org/

Rasmussen-Barr, E., Halvorsen, M., Bohman, T., Bostrém,
C., Dedering, A., Kuster, R. P, Olsson, C. B., Rovner, G.,
Tseli, E., Nilsson-Wikmar, L., & Grooten, W. J. A. (2023).
Summarizing the effects of different exercise types in
chronic neck pain—A systematic review and meta-analysis
of systematic reviews. BMC Musculoskeletal Disorders,
24(1), 806. https://doi.org/10.1186/s12891-023-06930-9

Reddy, R. S. Y., Maiya, A. G., Rao, S. K., Alahmari, K. A,
Tedla, J. S., Kandakurti, P. K., & Kakaraparthi, V. N.
(2021). Effectiveness of Kinaesthetic Exercise program
on Position Sense, Pain, and Disability in Chronic
Neck Pain Patients with Cervical Spondylosis - A
Randomized Comparative Trial. Physikalische Medizin,
Rehabilitationsmedizin, Kurortmedizin, 31(4), 242-250.
https://doi.org/10.1055/a-1290-9556

Revel, M., Minguet, M., Gergoy, P., Vaillant, J., & Manuel, J.
L. (1994). Changes in cervicocephalic kinesthesia after a
proprioceptive rehabilitation program in patients with
neck pain: A randomized controlled study. Archives of
Physical Medicine and Rehabilitation, 75(8), 895-899.
https://doi.org/10.1016/0003-9993(94)90115-5

Rezaei, I., Razeghi, M., Ebrahimi, S., Kayedi, S., & Zadeh, A. R.
(2018). A Novel Virtual Reality Technique (Cervigame®)
Compared to Conventional Proprioceptive Training
to Treat Neck Pain: A Randomized Controlled Trial.

DOI 10.26773/mjssm.250302

CERVICAL SENSORIMOTOR TRAINING IN NECK PAIN | I. LUZNIK ET AL.

Journal of Biomedical Physics and Engineering. https://doi.
org/10.31661/jbpe.v0i0.556

Roijezon, U, Clark, N. C., & Treleaven, J. (2015).
Proprioception in musculoskeletal rehabilitation. Part 1:
Basic science and principles of assessment and clinical
interventions. Manual Therapy, 20(3), 368-377. https://
doi.org/10.1016/j.math.2015.01.008

Rudolfsson, T., Bjorklund, M., & Djupsjobacka, M. (2012).
Range of motion in the upper and lower cervical spine in
people with chronic neck pain. Manual Therapy, 17(1),
53-59. https://doi.org/10.1016/j.math.2011.08.007

Rudolfsson, T., Djupsjobacka, M., Héger, C., & Bjorklund,
M. (2014). Effects of neck coordination exercise on
sensorimotor function in chronic neck pain: A randomized
controlled trial. Journal of Rehabilitation Medicine, 46(9),
908-914. https://doi.org/10.2340/16501977-1869

Ruhe, A, Fejer, R., & Walker, B. (2011). Altered postural sway
in patients suffering from non-specific neck pain and
whiplash associated disorder—A systematic review of the
literature. Chiropractic & Manual Therapies, 19, 13. https://
doi.org/10.1186/2045-709X-19-13

Saadat, M., Salehi, R., Negahban, H., Shaterzadeh, M. J,
Mehravar, M., & Hessam, M. (2019). Traditional physical
therapy exercises combined with sensorimotor training:
The effects on clinical outcomes for chronic neck pain
in a double-blind, randomized controlled trial. Journal
of Bodywork and Movement Therapies, 23(4), 901-907.
https://doi.org/10.1016/j.jbmt.2019.02.016

Safiri, S., Kolahi, A.-A., Hoy, D., Buchbinder, R., Mansournia,
M. A., Bettampadi, D., Ashrafi-Asgarabad, A., Almasi-
Hashiani, A., Smith, E., Sepidarkish, M., Cross, M.,
Qorbani, M., Moradi-Lakeh, M., Woolf, A. D., March, L.,
Collins, G., & Ferreira, M. L. (2020). Global, regional, and
national burden of neck pain in the general population,
1990-2017: Systematic analysis of the Global Burden
of Disease Study 2017. BM]J, 368, m791. https://doi.
org/10.1136/bmj.m791

Sarig Bahat, H., Croft, K., Carter, C., Hoddinott, A., Sprecher,
E., & Treleaven, J. (2018). Remote kinematic training for
patients with chronic neck pain: A randomised controlled
trial. European Spine Journal, 27(6), 1309-1323. https://
doi.org/10.1007/s00586-017-5323-0

Sarig Bahat, H., Takasaki, H., Chen, X., Bet-Or, Y., &
Treleaven, J. (2015). Cervical kinematic training with and
without interactive VR training for chronic neck pain - a
randomized clinical trial. Manual Therapy, 20(1), 68-78.
https://doi.org/10.1016/j.math.2014.06.008

Sremakaew, M., Jull, G., Treleaven, J., & Uthaikhup, S. (2023).
Effectiveness of adding rehabilitation of cervical related
sensorimotor control to manual therapy and exercise for
neck pain: A randomized controlled trial. Musculoskeletal
Science and Practice, 63, 102690. https://doi.org/10.1016/j.
msksp.2022.102690

Stanton, T. R., Leake, H. B., Chalmers, K. J., & Moseley, G. L.
(2016). Evidence of Impaired Proprioception in Chronic,
Idiopathic Neck Pain: Systematic Review and Meta-
Analysis. Physical Therapy, 96(6), 876-887. https://doi.
org/10.2522/ptj.20150241

Sterling, M., de Zoete, R. M. J., Coppieters, 1., & Farrell, S. E.
(2019). Best Evidence Rehabilitation for Chronic Pain Part
4: Neck Pain. Journal of Clinical Medicine, 8(8), Article 8.
https://doi.org/10.3390/jcm8081219

15



CERVICAL SENSORIMOTOR TRAINING IN NECK PAIN | I. LUZNIK ET AL.

Tejera, D., Beltran-Alacreu, H., Cano-de-la-Cuerda, R,
Hernandez, J. V. L., Martin-Pintado-Zugasti, A., Calvo-
Lobo, C., Gil-Martinez, A., & Fernandez-Carnero, J.
(2020). Effects of Virtual Reality versus Exercise on Pain,
Functional, Somatosensory and Psychosocial Outcomes
in Patients with Non-specific Chronic Neck Pain: A
Randomized Clinical Trial. International Journal of
Environmental Research and Public Health, 17(16), 5950.
https://doi.org/10.3390/ijerph17165950

Treleaven, J. (2008). Sensorimotor disturbances in neck
disorders affecting postural stability, head and eye
movement control. Manual Therapy, 13(1), 2-11. https://
doi.org/10.1016/j.math.2007.06.003

Ulug, N., Yakut, Y., Alemdaroglu, 1., & Yilmaz, O. (2016).
Comparison of pain, kinesiophobia and quality of life in
patients with low back and neck pain. Journal of Physical

16

Therapy Science, 28(2), 665-670. https://doi.org/10.1589/
jpts.28.665

Viechtbauer, W. (2005). Bias and Efficiency of Meta-Analytic
Variance Estimators in the Random-Effects Model. Journal
of Educational and Behavioral Statistics, 30(3), 261-293.
https://doi.org/10.3102/10769986030003261

Wan, X., Wang, W., Liu, J., & Tong, T. (2014). Estimating the
sample mean and standard deviation from the sample
size, median, range and/or interquartile range. BMC
Medical Research Methodology, 14(1), 135. https://doi.
org/10.1186/1471-2288-14-135

Wang, X, Qu, N., Wang, Y., Dong, ], Jiao, ], & Wu, M.
(2022). Effects of experimental pain on the cervical spine
reposition errors. BMC Musculoskeletal Disorders, 23(1),
259. https://doi.org/10.1186/s12891-022-05170-7

DOI 10.26773/mjssm.250302



