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Abstract

Background: Neck pain is a major public health problem. Our objective was to describe differences in measures of
movement and posture between people with and without neck pain.

Methods: PubMed and Embase were searched before 15 February 2019 for studies comparing people with neck
pain with controls using electronic measurements of neck movement and/or posture. Data were extracted on
participants, device, test methods, active range of motion (RoM) and quality of motion, joint positioning sense, and
posture. Study quality was assessed using the quality assessment of studies of diagnostic accuracy included in
systematic reviews (QUADAS) and Guidelines for Reporting Reliability and Agreement Studies (GRRAS) guidelines.

Results: Thirty-six studies were included: 24 studies included measurement of active RoM, 15 quality of motion, 12
joint positioning sense, and 5 cervical spine posture. Measurements and test methods were heterogeneous. The
reporting of study populations and methods were poor, whereas devices and statistics were well described.
All studies on RoM showed reduced active RoM in people with neck pain when compared with controls, 5 of
10 studies reported reduced movement speed for people with neck pain, and 5 of 9 studies reported significantly
greater joint positioning error for people with neck pain compared with controls. Due to heterogeneous test
parameters and methods, no conclusion regarding differences in conjunct motion, tracking a motion pattern,
and measures of posture could be drawn.

Conclusions: People with neck pain appear to have reduced active RoM, movement speed, and head repositioning
accuracy when compared with controls. However, quality of reviewed studies was low and better descriptions of

participants and methods are required before firm conclusions can be drawn.
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Background

Neck pain is a common condition with a reported point
prevalence of between 0.4 and 41.5% and a lifetime preva-
lence ranging from 14.2 to 71.0%, depending on its defin-
ition [1-3]. Neck pain is ranked as the fourth highest
contributor to years lived with disability [4]. In Denmark,
6% of all visits to general practitioners and 23% of all visits
to chiropractors or physiotherapist are due to neck pain [5].
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More than 300 definitions of neck pain have been used in
the epidemiological literature [6-12]. In 2009, the Joint
Decade 2000-2010 Task Force on neck pain introduced a
conceptual model of neck pain, defining neck pain as pain
or discomfort between the superior nuchal line and the
spine of the scapula [6]. Treatment approaches such as
acupuncture, patient education, multidisciplinary rehabilita-
tion, joint mobilisation, manipulation, and exercise have
been shown to be effective treatments, but effect sizes have
been small to moderate [7-13], and there is no clear
evidence for any treatment being superior to another. One
way to potentially improve the effect of treatment could be
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to target interventions to specific impairments that clearly
discriminate between different types of patients with neck
pain or between people with and without neck pain [14].
Existing classification systems build on pain distribution
and neurological findings [15], and severity and impact of
neck pain [16, 17], whereas only one system of targeting
treatment has been suggested [18]. However, none of these
systems has been rigorously tested for its ability to clearly
distinguish between people with and without neck pain.

Exercise treatment is widely used and has the ability to
target specific impairments of the neck [19] or limit poten-
tial harmful postures such as carrying the head in a forward
position [19]. Other parameters such as active range of mo-
tion [20—25], neck movement speed [26], conjunct motion
[27], smoothness of motion [25, 28], and kinaesthetic sense
[25, 29-35] have been used to guide how exercises are
delivered and performed in individual patients. Assessment
of these factors requires that the measurements are reliable
and valid in order to correctly guide interventions. Often,
these measurements were obtained using electronic devises
capable of continuous measurements or movement impair-
ments such as impaired joint position sense. To our
knowledge, only one review has addressed movement
impairments (joint positioning sense) in people with neck
pain [36]. Therefore, there is a need for an overview of the
different movement impairments in the neck pain popula-
tion, measured with electronic devices, in order to provide
clinicians and researchers with state-of-the-art knowledge
about electronic measurements of neck impairments; the
reliability and diagnostic value of these measures, consider-
ing the technology and practical application of the move-
ment test; and the type of neck patients.

The overall aim of this systematic review was to deter-
mine whether people with neck pain have different
movement patterns when compared with people without
neck pain. Firstly, we summarised the electronic devices
used, the measurement methods, and the definitions of
people with and without neck pain. Secondly, we com-
pared electronic measurements of active range of mo-
tion, quality of neck motion, joint repositioning
accuracy, and posture in people with and without neck
pain.

Methods

Study design

This study was a systematic literature review based on
criteria adapted from Cochrane diagnostic studies [37]
and reported according to the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
guidelines [38] (Additional file 1).

Setting
This study was conducted at the Department of Sports
Science and Clinical Biomechanics on University of
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Southern Denmark as part of the welfare tech project
‘patient@home’.

Search strategy

We identified relevant studies from the databases
PubMed and Embase. The search strategy was tailored
with the assistance of an experienced research librarian.
We limited the search to include only publications in
English or Danish published between 1 January 2004
and 15 February 2019. The reference lists of all included
papers were closely scrutinised for eligible studies. For
the full search strategy, see Additional file 2.

Inclusion criteria

We included cross-sectional studies where the case
population was judged to have non-specific neck pain,
whiplash-associated disorder (WAD), cervical radiculo-
pathy, or acute, sub-acute, or chronic neck pain of any
duration. Furthermore, the study had to report at least
one electronic measure of a movement impairment, joint
position sense, or posture. The inclusion and exclusion
criteria are specified in Table 1.

Selection of studies

The results from the literature searches were imported
into EndNote®, and duplicates were removed. Three au-
thors (BBH, HR, and PK) were involved in the screening
process. Three authors (BBH and HR/PK) independently
screened the titles and abstracts for relevance. If it was
not possible to decide from title and abstract, a full-text
screening was performed. In case of disagreement, a
third author (PK/JH) was consulted.

Data extraction

BBH, PK, and JH did the data extraction independently.
This included information about study population, test-
ing circumstances, and test device. The results from the
impairment measures were extracted, including active
range of motion, movement speed, acceleration, jerk,
head repositioning accuracy, and posture.

Quality assessment
The quality of the included studies was assessed using a
purposeful tailoring of the quality assessment of studies
of diagnostic accuracy included in systematic reviews
(QUADAS) and Guidelines for Reporting Reliability and
Agreement Studies (GRRAS) guidelines [39, 40] where
we remodelled the element relating to a reference stand-
ard and questions about case-control design. We piloted
the modified tool using articles that we had excluded
from the review.

Quality assessment was done in two sets where one
half of the included studies were evaluated by BBH and
PK and the second half by BBH and JH. Disagreements
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Table 1 Inclusion and exclusion criteria used for selecting studies
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Inclusion criteria

Exclusion criteria

1) Participant Cervical radiculopathy
Whiplash-associated disorders

Non-specific neck pain

Acute, sub-acute, and chronic neck pain of

all durations and severity

2) Type of measurements Active range of motion
Neck posture

Movement speed
Acceleration

Jerk (smoothness of motion)
Head repositioning accuracy
Kinematic

Kinaesthetic

Device

3) Language Danish or English

Congenital malformations
Any kind of neck surgery

No controls without neck pain
Younger than 18 years

Neck pain caused by fractures, inflammatory
joint disease, connective tissue diseases,
infection, or tumours

Primary measurement obtained with MRI or X-ray
Non-electronic measurement device
No description of the measurement instrument

No presentation of result for each group

between the authors were discussed and consensus
sought, and continued disagreements were then resolved
by JH for the first half and PK for the second half.

Data reporting and analysis

Agreement in selecting studies and rating risk of bias
were determined using Cohen’s kappa [41]. The results,
including risk of bias, were grouped by type of measure-
ment and reported for subgroups of different types of
neck pain. For comparable measures and homogeneous
studies, the results were presented as forest plots. For
measures where studies were too heterogeneous for that,
data were narratively summarised.

Results

Description of included studies

The literature search was conducted on 5 November
2014, and updated on 19 September 2017 and again on
15 February 2019. We identified 3348 unique studies
after excluding 652 duplicates. A total of 90 papers were
retrieved in full text of which 53 were excluded (see
Additional file 3 for a list of excluded studies). An over-
view of the selection process and reasons for exclusion
are shown in Fig. 1. We identified a total of 37 papers
reporting on 36 studies [21, 27, 29, 30, 34, 42-67].
These studies had case populations ranging between 7
and 120 participants with an average of 33 partici-
pants, and control populations ranging between 11

and 150 with an average of 35 participants. In 27
studies [22, 28, 30, 31, 35, 43, 45-51, 54-60, 62-64,
66, 69-71, 74], patients with neck pain were described
as chronic or with pain duration of more than 3
months. In six studies [43, 51, 52, 59, 60], there was
no description of pain duration. Definition of chron-
icity varied from no specification [29], duration of pain
longer than 6 weeks [44], to neck pain lasting more
than 2 years [30].

In 12 studies, patients with WAD defined as
Québec Task Force grades type I-III [68] were in-
cluded [27, 34, 42, 45, 46, 48-50, 53, 57, 66]. A total
of 15 studies included people with non-specific neck
pain labelled idiopathic neck pain [47, 71], non-spe-
cific neck pain [54, 67], no traumatic neck pain [66],
myofascial neck pain [60], unilateral posterior neck
pain [57], insidious neck pain [58], neck or shoulder
disorder [44], or simply neck pain [47]. One study
[48] defined postural neck pain as a pain in the neck
aggravated by postural load and relieved with postural
modification.

Quality of included studies

The initial inter-rater reliability of the risk of bias assess-
ment between BBH and PK had an agreement of 76.4%
and a kappa score of 0.59. Between BBH and JH, the
agreement was 60.6% with a kappa score of 0.38. The
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Fig. 1 PRISMA flow diagram for inclusion of studies

total agreement was 68.5% with a kappa score of 0.48.
After discussion, consensus was reached for all items.

Most of the studies had insufficient description of
sample size, study population, characteristics of raters,
and blinding of raters for clinical information and
previous findings. In contrast, the descriptions of
measurement devices, tests, recording methods, and
statistical analyses were generally adequately reported.
Detailed results of the risk of bias assessments are
presented in Table 2.

Range of motion measures

Active range of motion was reported in 24 studies
[21, 27, 30, 42, 45, 46, 48-55, 57, 59-61, 64, 67, 69]
(Table 3). There were three different ways of report-
ing range of motion: half cycle range of motion,
which is the range from neutral starting position to
end position in a given direction; full cycle range of
motion, which is the range from endpoint in one
direction to the opposite endpoint; and a division
between upper and lower cervical range of motion in
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Study population easuring device Method statistics

c?

First author, year
e and the manufacturer clearly| z
described?
crihad?
adennate 42

nd the control groups comparable
dec

Is the case population well defined #?
Is the control group well defined *?
on gender and age?

Is type of device adequately described?
Are instructions to the test subject descried?
Is the test adequately described?

Is the data recording method adequately
Is the description of characteristics of raters
Are the ratters blinded to previous findings?
Are the ratters blinded to clinical information?
Is the test procedure adequately described © ?
Is the data presentation reported in sufficient
detail f?

Alahmari 2017

Alsultan 2019
Armstrong 2005

Arvidsson 2006
Bahat 2010
Bahat 2015
Baydal 2011
Cagnie 2007
Cheng 2009

De Pauw 2018
Dugailly 2015
Edmondston 2007
Feipel 2006

Grip 2007

Grip 2008

Guo 2012

Harvie 2016
Kristjansson 2004
Kristjansson 2010
Law 2013
Lemmers 2018
Meisingset 2015
Park 2017
Prushansky 2006
Réijezon 2010
Rudolfsson 2012
Rudolfsson 2017
Sarig-Bahat 2010
Silva 2009
Sjplander 2008
Szeto 2005

Tsang 2013

Vogt 2007
Waeyaert 2016
Woodhouse 2008

DO ODOODOOOOODODOOOOO®® O ® O © ©isprecsion of the device adequately described

@®®@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@Isthedescriptionofsamplesizeestimationclear?
OO OOOOOOOOOOOOOO®O O

(CNCEONON RN CRCNCNCNCRCNONCHCNCRONORC RGN CRONCRONCNONCNCRONONC RN CRCNGN®)
OO0 OOOODPODOOOOO®O G
P00 RPAIODOOO®®O @ e
OO0 DOOOOOOOOOOOOOOO®O @ @[sthenmeofde
(CHCNCNCNCHCNCRCNCNCNCRCNCRCHCNCNCNCNCRCNCHCNCRC NG CRCNCRCNCNCRONORCNGNE)
(CHCENCNCHCNCRCNTNCNCRCNONCHCNCRCNCRCRGNCNCNCRC NG CRONCRCNCNCRCNCRCNGNE]
(CRCNENCNCRCNCRCNCRENCRCNCRCHCNCRCNONC RO NN CRC RGN CRONCRBNONCRONGRBNON)
DO OIDOIIDODORDDIODIIOOIODIOIDOOOO®O®® O
DOODODODODODODOODODOODOODOODODOODOHOOOODOOOOOOO OGO

DO DODODODODODODIODOODOODDOODOOOOODOOOHOOOOE OGO
(CHCNCNONCRCNCRCNDE-NCEONONCECNCRCNCRCR G NCNCRCNCNC RN CRCNCEC RN CRCNGNE)
(CHCETNCNCHCNCRCNCHCNCRCNCNCRCNCNCNCRCR O CHCNCRCNCNCRCNCRCNCNC RN CRCNGN®)

Xie Yf 2018

Grading for Risk of bias items: © =yes, the item is sufficiently described; ®=no, the item is not
sufficiently described; ®= unclear, a clear decision on the item cannot be made, NR not relevant. ?
Demographic, recruitment strategy and pain description. ® Demographic and recruitment strategy. ©
Reference to studies of reliability for the device. ¢ Profession, training and experience. © Time interval
between measurements and sequence of tests. f Is statistical method sufficient in answering the
research question?
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Fig. 2 Right rotation. Mean difference in neck right rotation between people with neck pain and healthy controls
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Fig. 3 Left rotation. Mean difference in neck left rotation between people with neck pain and healthy controls
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Fig. 4 Flexion. Mean difference in neck flexion between people with neck pain and healthy controls

the sagittal plane. The mean difference for half cycle
range of motion is presented in Figs. 2, 3, 4, 5 and 6.
Across all 24 studies, people with neck pain had a
smaller range of motion when compared with healthy
controls.

Quality of motion

Quality of motion was addressed in 15 studies [27, 29, 30,
44, 45, 48-51, 54, 57, 59, 63, 64] (Table 4). Cervical move-
ment speed was reported as peak velocity in seven studies
[44, 45, 48, 54, 57, 63, 64] and average movement velocity in
six [29, 30, 44, 50, 57, 63]. In five studies [44, 45, 50, 63, 64],
significantly lower movement speed was reported for the
neck pain groups compared with the healthy controls
whereas in the remaining studies, the differences between
groups were not statistically significant. Of the six studies on
conjunct motion [27, 48, 51, 54, 64], two studies [27, 64]
reported less conjunct motion for the neck pain groups com-
pared with the healthy controls. In the remaining four stud-
ies, no differences between the groups were found.

Proprioception
Joint reposition sense was reported in 12 studies [27,
30, 34, 42, 47-49, 62—64, 66], and characteristics are

described in Table 5. In eight studies, a neutral task
[27, 30, 42, 47-49, 62, 64] including variables of abso-
lute error [42, 48, 49, 62], constant error [30, 42],
variable global error [30, 42], root mean square error
[30], and maximal overshoot [49] was reported. In
two studies, a mid-range task reporting on absolute
[43, 69], constant, and variable global error was
reported, and in three papers [48, 64, 65], no specifi-
cation of the error measurement parameter was
reported. All nine studies showed smaller joint posi-
tioning error for the healthy controls compared with
the neck pain groups; the difference was statistically
significant in five studies [27, 34, 47, 64]. In four
studies, a task of following a motion pattern was
assessed [34, 63, 64, 66], three of which [34, 63, 66]
reported a significantly smaller degree of error for the
healthy controls and the fourth [64] a significantly
smaller degree of error for the neck patient group.

Posture

In five studies [43, 47, 56, 58], measures of posture were
assessed. The characteristics of the studies are described
in Table 6. In three of these studies [43, 58], a working
task of typing/computer work was assessed. In another
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one of these studies [47], the postural task of habitual
sitting posture and perceived ‘good’ posture were evalu-
ated, and in the remaining study [57], habitual standing
posture was measured. ‘Sagittal plane angle of head tilt’
was the only parameter that was reported in all five
studies. In two studies [44, 74], no difference between
the measured angles in the different groups was found,
and in the three other studies, between one [57] and two
angles [47, 58] differed between the groups. However,
none of the differences were consistent across the
studies.

Discussion

Regardless of definition, people with varying types of
neck pain have reduced active range of motion, reduced
movement speed, and impaired head repositioning
accuracy when compared with people without neck pain.
However, due to lack of consistency in measurement pa-
rameters and variation in the postural tasks examined, it
was not possible to quantify differences between people
with and without neck pain for several of the included
measures. We found substantial heterogeneity in the in-
cluded studies regarding types of patients, types of mea-
surements, and types of technology, and many studies
had poor reporting, which resulted in high risk of bias.

Consequently, results of this review must be inter-
preted with caution. Firstly, study populations were
poorly described, ie. in 15 studies, the age and sex
distribution were uneven across groups; secondly, the
description of the neck pain groups was heteroge-
neous with eight different definitions of non-specific
neck pain, and only five studies adequately reported
the power calculation for their sample size. Further-
more, we found a general lack of description of the
examiners’ background and training, which may influ-
ence patient handling and application of measurement
devices as most of the measurement devices are
dependent on the examiners’ ability to palpate land-
marks on the subject, which is a challenge even for
experienced clinicians [70, 71]. Also, blinding of as-
sessors is mostly not reported in the articles, which
may be a concern because body language and com-
munication generally may be affected if the assessors
have knowledge of clinical information and previous
test results. Lastly, the variation in test methods and
measurement parameters was large, making it unfeas-
ible to do meta-analyses. This heterogeneity in test
condition is most likely contributing to the large de-
gree of variation in the measured values for people
without neck pain. For example, cervical flexion
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Fig. 6 Full range flexion to extension. Mean difference in neck flexion/extension between people with neck pain and healthy controls

J

ranged between 32 [29] and 65.3° [50] and extension
between 28 [29] and 79.4° [51].

The complexity of delivering measurements of active
range of motion has been the subject of several system-
atic reviews [36, 72, 73]. Williams et al. [72] concluded
that the simple non-electronic measurement devices
were more reliable when measuring cervical range of
motion when compared with more sophisticated elec-
tronic devices, whereas Micheils et al. [73] found that
electronic devices were more reliable and valid in asses-
sing motion patterns (the fly) and that neck pain patients
had a greater degree of error when compared with
people without neck pain. We found conflicting results
with three studies having a greater degree of error and
one with a lesser degree of error for the neck pain

patients. Lastly, de Vries et al. [36] reviewed the litera-
ture dealing with joint positioning sense in people with
neck pain and people without neck pain and concluded
that joint positioning error was greater for people with
neck pain, which corresponds with our findings, al-
though they also included non-electronic measurement
devices.

To our knowledge, this is the first systematic review
combining studies dealing with measurements of
movement in people with different types of neck pain
and different types of movement and postural impair-
ments. We adhered to the criteria adapted from the
Cochrane diagnostic studies handbook and reported
our work according to the PRISMA guidelines. We
searched literature in PubMed and Embase databases
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and closely scrutinised the reference list of the
included studies. Due to the development of tech-
nologies and the ability to obtain more than one
measurement in one test, we chose only to include
studies using an electronic measurement device. The
same argument was used in the choice of inclusion
period for the studies.

We assessed the quality of the studies by adapting the
QUADAS 2 tool for our purposes. QUADAS 2 is
designed to assess diagnostic studies [39, 74]. According
to their criteria, the case-control design has inherited
risk of bias. However, when looking for how motion pa-
rameters differ between people with and without neck
pain, the case-control design is feasible, but here, the in-
clusion of cases and controls is a potential source of
bias. We took this into account in the assessment of the
quality of the studies by assessing the way in which sam-
ple sizes were estimated, the recruitment strategy, and
the description of both cases and controls. Another
aspect we modified was the blinding of assessor to
knowledge of clinical information and previous test re-
sults. Lastly, we included all studies regardless of risk of
bias because we wanted to describe the body of literature
comprehensively.

Clinical implications of this review include the po-
tential for measures of movement impairments to be
used as a tool for subgrouping and as a guiding inter-
vention for neck pain patients. Targeting interventions
to movement impairments may result in better out-
comes of treatment. For example, Meisingset et al.
[75] showed that improving postural control and neck
flexibility was associated with a decrease in neck pain
over a 2-month course of physiotherapy, whereas this
was not the case for movement speed and positioning
sense [76]. Importantly, however, targeting movement
impairments alone is unlikely to be the ‘magic bullet’
in treating people with neck pain because of the
potential underlying psychological and social factors,
but it may still be a valuable addition [77]. Cross-sec-
tional studies included in this literature review do not
give insight into the underlying reasons for movement
impairments, but they do provide evidence for their
presence in people with neck pain.

Future research into movement impairments should
apply uniform test methods and measurement parameters,
and a set of consensus guidelines would greatly improve
the comparison of studies. In addition, there is a need to as-
sess the clinical usefulness of these measures in longitudinal
cohort studies and as outcome measures in randomised
clinical trials. Finally, wearable sensors built into head-
phones, smartphones, wristbands, patches, or clothes may
provide new possibilities for investigating both the under-
lying factors involved in movement impairments and the
influence of these impairments on activities of daily living.
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Conclusion

People with varying types of neck pain have reduced active
range of motion, reduced movement speed, and impaired
head repositioning accuracy when compared with people
without neck pain. Due to poor and inconsistent reporting
regarding test methods, test subjects, blinding of exam-
iners, and examiner background and training, these results
should be interpreted with caution. Longitudinal studies
are necessary to investigate the underlying factors for
movement impairments and their potential to guide clin-
ical interventions.
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