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Systematic review

Differences in the kinematics of the cervical and thoracic
spine during functional movement in individuals with or

without chronic neck pain: a systematic review
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bstract

ackground  Chronic neck pain is common, impacting a person’s ability to complete functional tasks. One method of quantifying functional
ovement is three dimensional (3D) motion analysis, however, it is unknown whether it may detect alterations in movement kinematics in

ndividuals with neck pain.
bjective  To systematically review studies to determine possible differences in cervical and thoracic kinematics during functional movement

s measured by 3D motion analysis in individuals with neck pain compared to controls.
ata  sources  Medline, Amed, Scopus, Cochrane, Embase, CINAHL searched on 11/11/2017.
tudy  selection  Studies reported 3D kinematics of functional movement (based on real-world situational biomechanics, i.e., multi-planar
ovements) of the cervical and thoracic spine in individuals with and without neck pain.
tudy  appraisal  and  synthesis  Two reviewers assessed study quality; studies were summarised using discussion.
esults  Four thousand four hundred and sixteen title/abstracts were screened, 11 full texts retrieved. Common reasons for exclusion were
articipants ≤8 years of age and studies that did not investigate functional movement. Included studies (n  = 5) used 3D motion analysis to
ssess kinematics during functional tasks including typing, gaming and resting posture. Participants with neck pain displayed greater neck
exion postures, reduced head velocity and smoothness of movement.
imitations  Variations in measurement methods and participant samples prevented meta-analysis.
onclusion  Though few studies were identified, altered kinematics were observed in individuals with neck pain, suggesting further research

xamining cervical spine kinematics is warranted. Recognising kinematic differences is important for clinicians to identify possible movement

isk factors in individuals with neck pain that may be targeted with treatment.
ystematic  review  registration  number  PROSPERO  CRD42017076053.

 2019 Published by Elsevier Ltd on behalf of Chartered Society of Physiotherapy.
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ntroduction
Chronic neck pain is a common and costly problem [1],
ith one-year prevalence estimated to be between 30% to
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0% [2,3]. Approximately 2–12% of those with neck pain
ave activity-limiting pain [1–4], impacting on quality of life
y reducing ability to perform daily functional activities and
ork [3]. It is a costly burden for society and for patients,

or example, health related expenditure is estimated to be
pproximately $1.2 billion per year in 2015 in Australia [5].

Physiotherapy is currently the mainstay of conservative

reatment for individuals with neck pain. Patients usually
eek treatment because their pain is aggravated by functional
ovements and/or they are unable to complete them [3,4].

ysiotherapy.
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he effectiveness of physiotherapy treatment on a patient’s
eck function is usually assessed using self-reported disabil-
ty questionnaires [6]. These are limited by patient recall and
ossible bias based on how a patient may be feeling when
hey complete the questionnaire [3]. Thus, physiotherapists
lso use more objective means of assessing functional abil-
ty. For example, they routinely perform neck range of motion
ROM) assessments [7] typically involving measurement of
ovement in the frontal, sagittal and transverse plane with

nstruments such as the Cervical Range of Motion (CROM)
nstrument [8]. However, these instruments are limited to
ovement in a single plane, and are not accurate for assessing
ulti-planar movements as they are affected by movement in

ther planes [8]. Also, they do not provide a reliable quantita-
ive measurement of functional movement. Nevertheless, if a
linician could analyse functional movement quantitatively,
t would provide an assessment of a patient’s ability to com-
lete activities of daily living affecting their quality of life,
nd thus provide a method to quantify the effectiveness of a
hysiotherapy intervention.

One way to objectively analyse functional movement is
hree-dimensional (3D) motion analysis, which combines an
xamination of the individual’s physical structure with mea-
urements of their movement during activity [9]. Currently,
D motion analysis has been used in laboratory studies,
ostly for biomechanical assessments of lower limb mus-

uloskeletal injuries during complex 3D motions [9,10]. It
ffords a potentially powerful tool for assessing functional
ovement in individuals with neck pain. However, it is

nknown whether 3D motion analysis could detect alterations
n functional movement in individuals with neck pain. There-
ore, the aim of this systematic review is to report differences
n cervical and thoracic kinematics during functional tasks as
easured by 3D motion analysis between individuals with

nd without neck pain.

ethods

tudy  design

Included study designs were cross-sectional, observa-
ional, case-control and randomised control trials. Studies
ad to be peer-reviewed and in English, and were included
ith or without blinding of participants and assessors. This

eview was registered under Prospero (CRD42017076053)
n 24/10/2017.

articipants  and  comparisons

The authors included studies of human participants ≥age
8 that reported data from individuals with neck pain, as com-

ared to an asymptomatic (no neck pain) comparison group.
ll types of neck pain (i.e., acute, subacute and chronic) and
eck pain of any origin (e.g., idiopathic and whiplash associ-
ted disorder) were included. Non-human and cadaver studies

d
s
c
m

apy 105 (2019) 421–433

ere excluded, as were studies that reported mathematical
odelling without data collected from human participants.

utcome  measures

Included studies reported 3D kinematics (e.g., range of
otion, velocity (m/second), joint angles and their timing)

f functional movement of the cervical and thoracic spine.
unctional movement was defined as movement based on
eal-world situational biomechanics, i.e., multi-planar move-
ents. Studies measuring standardised physiological range

f motion in a single plane were excluded; for example,
tudies using only the CROM instrument.

earch  method  of  identification  of  papers

Electronic searches of the following databases were
ndertaken from inception to 11/11/2017: Medline, AMED,
copus, Cochrane, Embase and CINAHL. The search strat-
gy was developed in Medline (supplementary file) and
ubsequently tailored for the other databases in consultation
ith a biomedical librarian. Hand searching of the reference

ists of retrieved full text studies was performed.

election  of  studies

Titles and abstracts were independently screened by two
eviewers (DM and RdZ) to determine their eligibility. The
ull text of studies deemed to be possibly relevant were
etrieved and then independently screened by two review-
rs (DM and RdZ). The level of agreement for independent
creening at each stage is reported as percent agreement.
isagreements that could not be resolved by consensus
etween the two reviewers were resolved by consulting a
hird reviewer (SS).

ethodological  quality  assessment

Two reviewers (DM and RdZ) assessed the methodolog-
cal quality of studies using the “US National Institute of
ealth Quality Assessment Tool for Observational Cohort

nd Cross-Sectional Studies” [11] (Table 1). Disagreements
oncerning quality assessment were resolved through discus-
ion, including a third reviewer (SS) as necessary.

ata  extraction  and  synthesis

One review author (DM) extracted data for the included
tudies using a data extraction tool agreed upon by all authors.
ata recorded included participant demographics (age, gen-

er, neck pain condition, inclusion/exclusion criteria), sample
ize, comparison group (age, gender, inclusion/exclusion
riteria), outcome measures including methods of measure-
ent, and results including measures of central tendency
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Table 1
Participant demographics in the included studies investigating 3D kinematics of functional movement in individuals with neck pain (A) and healthy matched control participants (B).

Study Sample size Age [years ± SD] Female:male Type of
dysfunction

Inclusion criteriaa Exclusion criteria

A B A B A B

Falla et al. 2017
[16]

14 14 28 (7) 24 (4) 11:3 11:3 Non-specific neck
pain ≥3 months

• Non-specific neck pain
• Symptom aggravation and remission in

the last 6 months, each episode lasting at
least one week

• ≥18 years of age

• Acute neck pain <3 months
• Neurological pain

Tsang et al.
2014 [14]

30 30 38 (11) 35 (9) 22:8 21:9 Non-specific neck
pain ≥3 months

• Non-specific neck pain
• ≥18 years of age

• Neurological pain
• Neck trauma
• Neck surgery
• Sensory/vestibular defects
• Rheumatic disease
• TMJ dysfunction

Sarig-Bahat
et al. 2010
[12]

25 42 39 (13) 35 (12) 16:9 31:11 Chronic neck pain
≥6 weeks

• Insidious onset neck pain ≥6 weeks
(insidious onset and whiplash)

• ≥18 years of age

• Positive neurologic signs
• Imaging evidence indicating nerve

root/spinal cord compression
• Pathologic entities e.g., diffuse connective

tissue disease, rheumatic syndromes
• Fractures of the neck/thoracic

spine/shoulder
•  Neoplasm
• Dislocations
• Medications that may affect pain
• People with suspected cervical dystonia

Boccagni et al.
2008 [13]

15 10 30 (14) 30 (2) 8:7 6:4 Cervical dystonia • Cervical dystonia diagnosed by the
presence of abnormal clinical
posture/movements of the head and neck
and EMG evidence of prolonged muscular
activity/co-contraction of agonist and
antagonist muscles.

• >18 years of age

Szeto et al. 2005
[15]

21 17 36 (5) 36 (5) 21:17 0:0 Chronic neck pain
≥3-month history

• Female office workers
• People with past complaints of neck pain

lasting ≥3 months who still have pain.
Neck pain could include whiplash or any
long-term neck condition

• Must have had neck pain in the past 7 days

• Male
• Non-office workers
• Acute neck pain <3 months≥18 years of age

a Control groups in for Sairg-Bahat et al. [12], Szeto et al. [15], Falla et al. [16], and Tsang et al. [14], were people with no history of neck pain in the past 12 months. Control group for Boccagni et al. [13]
were people with no history cervical of dystonia.
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ig. 1. Flow of studies through the review.
Functional movement was defined as movement based on real-world situa

mean, median) and dispersion (standard deviations, confi-
ence intervals) where available.

esults

low  of  studies  through  the  review

Fig. 1 illustrates the flow of studies in the selection process.
earches of the databases identified 6496 records. Duplicates
ere removed by the first author and 4416 studies remained

or title and abstract analysis. Studies not in English (2478)
ere excluded. Both reviewers agreed on 11 relevant full text

rticles for retrieval. From the 11 articles, five were selected
or inclusion in the review. Common reasons for excluding
tudies were they measured standard physiological range of
ovement (i.e., goniometry) and or did not examine a func-

ional task.

tudy  characteristics
tudy  design
All five included studies were case-control and examined

unctional movement in participants with neck pain com-

d
l
i
[

iomechanics, i.e., multi-planar movements.

ared to individuals with no history of neck pain. Sample
izes ranged from 35 to 67. The agreement between review-
rs for the title and abstract screening was 90%, and for the
ull text screening was 100%.

articipants
Participants were adults aged ≥18 years with neck pain

6 weeks duration compared with a control group of adults
ho were also aged ≥18 years with no history of neck pain

nd/or neck dysfunction (Table 1). Neck pain participants
ere either female office workers with chronic neck pain
f any origin [15], individuals with chronic insidious onset
eck pain or whiplash ≥6 weeks [12], individuals with non-
pecific neck pain only ≥3 months [14,16] or individuals with
ervical dystonia [13]. Each were compared to groups of
symptomatic participants (Table 1).

omparisons
Details of the functional movements performed and mea-

urement methods (equipment, body segment definitions) are

escribed in Table 2. Movements included walking, overhead
ift in a sitting posture, sitting posture and typing, sand-
ng posture, and a game-based task [12–16]. Three studies
12–14] used the same electromagnetic tracking system, and
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Table 2
Measurement methods, outcome measures and results of included studies.

Study 3D measurement methods Outcome measures Result Authors’ conclusion

Falla et al. 2017
[16]

Equipment: eight retroreflective cameras
(128 Hz, Oqus 300, Qualisys)

1. Speed of gait during self-selected
speed

1. Average self-selected speed for neck
pain was 3.6 (SD 0.5) km/hour. There
was no significant difference between
groups.

People with neck pain walk with
reduced trunk rotation, especially when
challenged by walking with their head
rotated.

Movement: participants walked on a
treadmill at three different speeds
(self-selected, 3 km/hour and 5 km/hour)
with head in neutral, rotated 30◦ to left
and 30◦ to right). For each trial
participants walked for 120 seconds,
with 30 seconds given to adjust to the
new condition

2. Neck and truck rotation 2. People with neck pain demonstrated
smaller stride lengths (P < 0.001).

Tracking markers: participants wore a
custom made helmet for forehead
markers which included center forehead,
middle forehead, back head (center).
Markers were also placed on the
following:

3. Variability of neck and trunk rotation,
which were derived from the difference
between transverse plane component of
head and thorax and thorax pelvis angles

3. People with neck pain demonstrated
less trunk rotation compared to controls
(post hoc P < 0.001), and this reduced
further when walking with the head
rotated.

- C7
- L + R acromion
- L + R ASIS and PSIS
- L + R greater trochanter
- L + R lateral epicondyle
- L + R lateral malleolus
- L + R 5th metatarsals

4. Variability of trunk rotation increased
with speed (F = 6.2 P = 0.002) in both
groups, with higher variability detected
when walking at 5 km/hour compared to
self-selected speed and to 3 km/hour
(P = 0.013 and P = 0.004 respectively,
for post-hoc tests)

Segments: defined the head as a rigid
body comprised of the three markers on
the helmet, the thorax as a rigid body
defined by C7 and bilateral acromion;
transverse plane rotation calculated as
the difference between the transverse
plane angles of each of these rigid
bodies in relation to the lab coordinates.
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Table 2 (Continued)

Study 3D measurement methods Outcome measures Result Authors’ conclusion

Tsang et al. 2014
[14]

Equipment: three electromagnetic
sensors (40 Hz; FasTrack, Polhemus)

1. Angular displacement 1. No significant difference between
neck pain and control group for peak
joint angles:

People with neck pain have decreased
neck velocity and acceleration during
overhead reach tasks.Movement: participants sat on a chair

and transferred a 2 kg weight which was
placed 20 cm in front of them with their
right hand and then relocated it to a shelf
70 cm above the desk. They then
released the weight and returned it to its
starting position on the desk. Trial was
repeat three times,

2. Velocity and acceleration of cervical
and thoracic spine in flexion/extension
while participants were “raising” the
object and when participants “lowered”
the object

Cervical flexion peak:
– Neck pain: 10.86◦ (SD = 3.31◦)
– Control group: 12.61◦ (SD = 4.3◦)

Cervical extension peak:
– Neck pain: 9.26◦ (SD = 3.84◦) control

group: 7.73◦ (SD = 2.59◦)

Tracking sensors: sensors were placed
on:

2. Neck pain participants had
significantly lower velocity and
acceleration of the cervical spine in
flexion/extension compared to people
with no neck pain.

– Plastic plate which was secured with
strap around the skull around the
external occipital protuberance

– Second sensor was attached to T1
– Third sensor attached to T12

Segments: defined the head using a
single sensor over the occipital
protuberance, and trunk using two
sensors (T1 and T12).

Average raising velocity:
- Neck pain: 14.89◦/second,
- Control group: 20◦/second

Average lowering velocity:
- Neck pain: 28.01◦/second
- Control group: 32.67◦/second

Acceleration
- Neck pain: 68.29◦/second2

- Control group: 86.69◦/second2

Sarig-Bahat et al.
2010 [12]

Equipment: two electromagnetic sensors
(60 Hz FasTrack, Polhemus)

During four movement directions
(flexion, extension, right rotation and left
rotation), head/thorax mean values for:

1. No difference between groups in
response time

Velocity and smoothness of cervical
motion are reduced in people with neck
pain.

Movement: 16 trials were measured
throughout a virtual reality game that
involved participants hitting certain
targets by moving their head. Each trial
period was defined by the time the target
appeared and when the target was hit.

1. Response time from target appearance
to motion initiation.

2. Lower peak velocity in individuals
with pain compared to controls (mixed
model ANOVA P < 0.0001, mean
differences across movement directions
ranged from 35 to 62◦/second

Tracking sensors: two sensors were
placed on:

2. Peak velocity: peak velocity value
throughout the trial 3.

3. Lower mean velocity in individuals
with pain compared to controls (mixed
model ANOVA P < 0.0001, mean
differences across movement directions
ranged from 9 to 20◦/second
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Table 2 (Continued)

Study 3D measurement methods Outcome measures Result Authors’ conclusion

The back on of the “head mounted
display” adjacent to the occipital
protuberance and the sternal notch

3. Mean velocity: average velocity from
motion initiation to target hit in game

4. No difference between groups in time
to peak percentage

Segments: defined the head using a
single sensor over the occipital
protuberance, while subtracting trunk
movement defined by a single sensor on
the sternal notch.

4. Time to peak percentage: time from
motion initiation to the velocity peak
moment as percentage of total
movement time.

5. Greater number of velocity peaks in
individuals with pain (mixed model
ANOVA P < 0.0036, mean differences
across movement directions ranged from
1.1 to 1.9 velocity peaks, indicating
impaired motion smoothness

5. Smoothness: number of velocity
peaks from motion initiation to target
hit.

Boccagni et al.
2008 [13]

Equipment: four electromagnetic
sensors (30 Hz; FasTrack, Polhemus)

Head position at rest in the sagittal
plane, axial plane and coronal plane

Cervical dystonia mean head position: 3D motion analysis demonstrates
differences in head–neck posture and
movement that are not detected with
clinical examination

Movement: static head position. Sagittal plane: 5 (range: −25◦ to 36◦)
Tracking sensors: sensors were placed
on:

Axial plane: 1.21◦ (range: −44.6◦ to
24.0◦)

– Head vertex (the conjunction point of
the bi-auricular and medial sagittal
line)

– Bi-auricular line near the left mastoid
– Bi-auricular line near the right

mastoid
– Chin

Coronal plane: 4.13 (range: −14.1◦ to
21.8◦)

Segments: the head segment was defined
separately for each of the three planes
using a line connecting two markers,
measuring its rotation within the specific
plane, as described by Galardi et al. [17].

Healthy subjects mean head position:
Sagittal plane: −0.21◦ (range: −8.3◦ to
6.0◦)
Axial plane: −1.07◦ (range: −5.9◦ to
2.5◦)
Coronal plane: −1.10◦ (range: −3.5◦ to
1.0◦)
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Table 2 (Continued)

Study 3D measurement methods Outcome measures Result Authors’ conclusion

Szeto et al. 2005
[15]

Equipment: six retroreflective cameras
(60 Hz; Vicon 370, Version 3.1, Oxford
Metrics, UK)

Mean joint angles: 1. Head–neck: pain participants
flexion/extension range (difference
between the 10th and 90th percentile of
the amplitude probability distribution
function [APDF]) of 7 (SD 4) was less
than control participants (5, 2, P = 0),
and their median (50th percentile of the
APDF) lateral flexion angle was less to
the left (−1, SD 2) and rotation less to
the left (2, SD 2) compared to controls
(lateral flexion −3, 2, P = 0; rotation 4,
3, P = 0)

Small differences in lateral flexion and
rotation between groups

Movement: 1 hour typing task with
kinematics captured during the 5th, 20th,
35th, 50th and 60th minute of the typing
task. Standardized typing package was
used to display tasks for participants.

1. Head–neck (flexion/extension, lateral
flexion, rotation)

2. Thorax (flexion/extension and lateral
flexion)

2. Static sitting posture mean flexion: 61
(6) neck pain and 57 (6) control

Trends for increased head/neck flexion
angles in individuals with neck pain

Tracking markers: retroreflective
markers were placed on the following:

– Shoulder (flexion/extension and
abduction/adduction)

3. Thorax: no difference between groups

– Head–neck segment (two markers at
two sides of the forehead)

– Thorax (sternum, C7 and T8)

Shoulder (AC joint and midpoint of
humerus between lesser tuberosity and
olecranon)

4. Shoulder: no difference between
groups

Segments: used the Vicon standard
biomechanical model that defined the
head–neck as one segment. Specific
details defining the head–neck segment
were not described.

L = left, R = right.
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wo studies used different optical motion capture systems
15,16]. Body segments were uniquely defined for each study
Table 2), but no studies differentiated head movement from
eck movement, only reporting head or head–neck related to
runk motion.

utcome  measures
The primary outcome measures were the kinematics of the

ervical spine while performing a functional task (Table 2).
sang et  al. [14] and Sarig-Bahat et  al. [12] quantified the
elocity of neck of movement in two planes; sagittal (flex-
on/extension) and transverse (right/left rotation). Falla et  al.
16] and Sarig-Bahat et  al. [12] assessed smoothness of move-
ent. Falla et  al. [16] examined smoothness of movement

y looking at the variability of neck and trunk rotation that
as derived from the difference between the transverse plane

omponent of head and thorax and thorax and pelvis angles.
n addition to mean velocity, Sarig-Bahat et  al. [12] also
xamined the number of velocity peaks indicating smooth-
ess of movement in all four neck directions, as well as peak
ead velocity, time to peak velocity as a percentage of total
ovement and response time. Szeto et  al. [15] and Boccagni

t al. [13] measured static joint angles. Szeto et  al. [15] exam-
ned the head–neck (flexion/extension, rotation and lateral
exion), thorax (flexion/extension and lateral flexion) and
houlder (flexion/extension and abduction/adduction) seg-
ent angles while sitting and during a typing task. Similarly,
occagni et  al. [13] reported head–neck joint angles in all
lanes of movement in individuals with cervical dystonia,
ut only during static standing.

ummary  of  findings
Altered kinematics in individuals with neck pain included

ecreased neck velocity, decreased smoothness of neck
ovement and varied neck angles during functional move-
ent tasks (Table 2). Velocity of neck movement was

nalysed during reaching [14] and a gaming task [12] with
ndividuals with neck pain having decreased head velocity
ompared to asymptomatic controls. Falla et  al. [16] found
ndividuals with neck pain had less trunk rotation compared
o healthy controls during walking. Both Falla et  al. [16] and
arig-Bahat et  al. [12] analysed smoothness of movement,
ut only Sarig-Bahat et  al. [12] found a difference in move-
ent smoothness in individuals with neck pain compared to

ontrols, which they defined as a greater number of velocity
eaks in all three planes of neck movement during their gam-
ng task. Szeto et  al. [15] reported increased neck flexion
ngles in individuals with neck pain compared to asymp-
omatic controls during sitting and typing. Boccagni et  al.
13] found increased head/neck movement during attempted
tatic standing in individuals with cervical dystonia compared
o an asymptomatic control group. As studies used varying
ethods of measurement and reported on different kinematic
ariables and functional tasks, data could not be pooled for
eta-analysis.

s
p
h
u
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tudy  quality
There was 100% agreement between reviewers for the

uality assessment (Table 3). All studies scored positively
n clearly defining the population and outcome measures,
nd negatively scored for not accounting for confounding
ariables and blinding assessors. Three studies [13,15,16]
cored negatively for small sample sizes.

iscussion

The results of this systematic review suggest that cervi-
al kinematics are different in individuals with neck pain as
ompared to asymptomatic individuals. All included stud-
es reported kinematic movement variables recorded during
bservation of movement in people with neck pain com-
ared to pain-free control participants. All studies were
ross-sectional, therefore, evidence for differences in 3D
inematics between individuals with and without neck pain
eported in the current review represents only Level 3 evi-
ence, according to GRADE [18]. Some of the findings in
ndividuals with neck pain were reduced velocity and smooth-
ess of head movement, reduced trunk rotation when walking
t a normal pace, reduced head velocity and acceleration
hen performing a reach task, and differing head positions in

tatic postures as compared to pain-free individuals. Impor-
antly, these kinematic variables were observed in individuals
ith varying types of neck pain (idiopathic, whiplash and

ervical dystonia), suggesting that there are some kinematic
ifferences present across varying neck pain types. How-
ver, each study measured different kinematic variables, so it
s unknown whether these kinematic differences are unique
o neck pain type, experimental movement task or simply
bserved because the authors chose to measure those par-
icular variables. There were only five studies included in
his review, three with small sample sizes [13,15,16]. Never-
heless, these findings suggest 3D motion analysis may be a
seful tool for measuring cervical kinematics in individuals
ith neck pain, as there were altered kinematics in individ-
als with a range of neck pain types. Future research may
dentify whether these kinematic changes increase the risk of

 subsequent neck pain episode, and whether they can pro-
ide a quantitative method for assessing the effectiveness of
ehabilitation.

D  motion  analysis  of spinal  posture

Review findings suggest 3D motion analysis may be a use-
ul tool for evaluating spinal postural changes during static
itting or standing in individuals with neck pain. Boccagni
t al. [13] demonstrated increased head/neck movement in all
lanes in individuals with cervical dystonia while attempting

tatic posture, suggesting larger dystonic patterns as com-
ared to asymptomatic individuals. Szeto et  al. [15] examined
ead/neck angles recorded static sitting posture for two min-
tes in office workers prior to their typing task, showing.
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Table 3
Quality assessment for the three included studies using the NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (First author).

Question Falla 2017 [16] Tsang 2014 [14] Sarig-Bahat 2010 [12] Boccagni 2008 [13] Szeto 2005 [15]

Research question clearly stated Y Y Y Y Y

Was population clearly specified and defined? Y Y Y Y Y

Was the participation rate of eligible persons at least
50%

N Y Y N N

Were all subjects selected or recruited from the same or
similar populations?

Y Y Y X Y

Was a sample size justification, power descripted, or
variance and effect estimates provided?

N Y Y N N

Was the exposure of interest measured prior to the
outcome being assessed?

Y Y Y Y Y

Was the time frame sufficient so that one could
reasonable expected to see an association between
exposure and outcome?

Y Y Y Y Y

Did the study examine different levels of the exposure
as related to the outcome?

NA NA NA NA NA

Were the exposure measures clearly defined, valid,
reliable and implemented consistently across all study
participants?

NA NA NA NA NA

Was the exposure assessed more than once over time? N N N N N

Were the outcome measures clearly defined, valid,
reliable and implemented consistently across all study
participants?

Y Y Y Y Y

Were the outcome assessors blinded to the exposure
status of participants?

N N N N N

Was loss to follow-up after the baseline 20% or less? NA NA NA NA NA

Were key potential confounding variables measured and
adjusted statistically for their impact on the
relationship between exposure and outcome?

N N N N N

Y = yes, N = no, NA = not applicable.
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ncreased mean neck flexion angles during sitting in individ-
als with neck pain compared to asymptomatic individuals
Table 2). While these results suggest 3D motion analysis
rovides quantitative postural information that may by clini-
ally important, notion should be interpreted with caution as
oth studies had small sample sizes and the study by Boccagni
t al. [13] was restricted to individuals with cervical dystonia.

unctional  tasks  assessed  with  3D  motion  analysis

Most patients usually seek treatment because their neck
ain is aggravated by certain functional movements and/or
hey are unable to complete these tasks [19]. Researchers
ave demonstrated 3D motion analysis can identify specific
iomechanical risk factors in athletic populations [9,19,20].
or example, it has been used to identify musculoskeletal

njury risk factors in acute [9] and chronic knee and groin
njuries [19] during jump-landing tasks and low back pain
uring running [20]. It has also been used to demonstrate
ariability in motor control coordination in runners with low
ack pain [22] and in patients with stroke [23]. The use of
D motion analysis has also been suggested as useful in pre-
cribing rehabilitation for patients with lower back pain [21]
nd stroke [23]. Hence, the use of 3D motion analysis by
linicians may assist them to identify and quantify move-
ent impairments in their patients. However, there is little

esearch analysing functional tasks in individuals with neck
ain. Therefore, the clinical benefits that might arise from
reater knowledge of spinal kinematics are largely unknown,
nd this area warrants further study.

Four of the included studies in the current review ana-
ysed differences in cervical and thoracic spine 3D kinematics
uring functional tasks [12,14–16]. All four studies exam-
ned functional movements that would be relevant to the
eneral population: a typing task, overhead reach, gaming
ask and walking. In the study by Szeto et  al. [15], par-
icipants performed a typing task involving copy-typing for
ne hour from a document presented on screen. Individuals
ith higher levels of neck pain had increased neck flexion

ngles compared to healthy individuals, however, the differ-
nces between groups were small (4–8◦ greater for those with
eck pain as compared to health controls, Table 2) and not
tatistically different between groups. They did find a sta-
istically significant difference in lateral flexion and rotation
etween their groups, with the healthy control participants
emonstrating greater right lateral flexion and right rotation
ompared to participants with neck pain. These differences
ere also small (1.5◦ for lateral flexion and 2.4◦ for right

otation) and potentially within the margin of measurement
rror, suggesting these conclusions about head/neck angles
n individuals with neck pain should be interpreted with cau-
ion. Furthermore, their results are based on a small sample

f female office workers positioned at their own worksta-
ions that can involve many variable settings. Though this
mproves generalisability to the workplace, it may have intro-
uced movement variability that may have masked a possible

S
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apy 105 (2019) 421–433 431

ifference between groups. In the study by Tsang et  al. [14],
articipants performed an overhead reach task requiring them
o move a 2 kg object to above head height. Individuals with
eck pain had significantly lower peak extension cervical
pine angular acceleration into extension when raising an
bject and into flexion when lowering an object as compared
o asymptomatic individuals (Table 2). Sarig-Bahat et  al. [12]
sed a customised virtual game requiring rapid head move-
ent in order to hit on-screen targets, effective experimental

ask for observing natural movement of the head and neck
ithout excessive instruction or prescription of movement.
imilar to Tsang et  al. [14], they [12] found individuals with
eck pain demonstrated decreased head velocity, suggesting
ndividuals with neck pain move their head slower compared
o people without neck pain. Falla et  al. [16] examined neck
inematics while participants walked on a treadmill at three
ifference speeds (self-selected, 3 km/hour and 5 km/hour).
he authors demonstrated that individuals with chronic idio-
athic neck pain had significantly decreased neck and trunk
otation regardless of walking speed and increased variability
f neck and trunk rotation at increased walking speeds com-
ared to individuals without neck pain. Sarig-Bahat et  al.
12] also investigated movement variability using a different
utcome variable: the number of velocity peaks during head
ovement during their gaming task. They found people with

eck pain have reduced peak velocity during neck rotation
aking their movement less “smooth” compared to people
ith no neck pain. Future research is needed to determine if

lower head velocity places these individuals at greater risk
f re-injury or neck pain chronicity due to continued aggrava-
ion of pain with tasks requiring rapid head movement, e.g.,
hecking a blind spot while driving.

In summary, 3D motion analysis appears to be an effec-
ive tool for quantifying cervical kinematic variables during
unctional tasks in a laboratory setting [22]. Future research
ay develop and validate inertial measurement unit tech-

ology in order to provide clinicians with a simple, reliable
nd valid field-based method of 3D motion analysis tool
o quantify 3D functional movement during clinical assess-

ents in day-to-day practice. This would then provide a tool
o assist clinicians to reliably quantify functional movement
nd use this tool to develop rehabilitation programs and mon-
tor a patient’s rehabilitation progress. Researchers may also
enefit from field-based methods of quantifying 3D motion
n order to design larger studies and utilize the workplace
nvironment to determine if altered kinematics may increase
njury risk. This systematic review identified only five studies
easuring 3D neck motion during functional tasks, suggest-

ng further research is needed. This review provides the basis
o assist future researchers to design studies to effectively
nalyse neck kinematics.
trengths  and  limitations

The search criteria for this review was broad to attempt
o capture any study that had measured in vivo 3D kine-
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atics in the cervical and thoracic spines. All types of neck
ain and all types of functional tasks were included, yet only
ve studies met the criteria for inclusion. This demonstrates

 lack of quantitative studies measuring functional cervical
pine movement, despite current guidelines for neck pain stat-
ng that clinicians should assess functional movement [24].
he lack of 3D motion analysis studies in neck pain is likely
ue to the difficulty in objectively quantifying 3D functional
ovement in the spine compared to measuring neck range of
otion in a single plane. Despite 3D motion analysis system

eing the gold standard to track complex 3D joint move-
ent and can be used to provide real-time feedback [25], it

equires expensive equipment, highly specialised skills and is
ime-consuming analysis. These limitations precludes most
linicians to employ this gold standard methodology within
heir day-to-day clinical practice. Yet, if there were more lab-
ratory studies in individuals with neck pain, it would assist
n better understanding of movement patterns of the cervical
nd thoracic spine during functional tasks, providing a criti-
al foundation to enhance objective clinical assessments and
nterventions. Currently, physiotherapists are retraining func-
ional movements in patients with neck pain with very limited
cientific evidence of altered 3D motion in these patients.
herefore, more studies are needed that objectively quantify
D cervical motion in individuals with neck pain. This critical
nformation will provide clinicians with a deeper understand-
ng of neck kinematics during functional movement tasks to
etter guide treatment outcomes.

Motion analysis methods have their own inherent limita-
ions, as described by previous authors for electromagnetic
ystems [26], i.e. Fastrack utilised by three studies in this
eview [12–14], and optical motion capture systems [27,28]
tilised by two studies [15,16]. Electromagnetic systems [26]
o not have the issues of marker occlusion or tracking prob-
ems of optical systems but their accuracy can be affected by
urrounding metal within the environment or if the sensors
re too close to one another. The maximum sampling rate for
lectromagnetic systems is lower (120 Hz) than optical sys-
ems (200–500 Hz) and decreases with each additional sensor
uch that the maximum sampling rate possible is equal to
20 Hz divided by the number of sensors [26]. Nevertheless,
he varied sampling rates varied among the included stud-
es (Table 2) did not violate the Nyquist sampling theorem,
hat states the sampling rate must be no less than twice the
ighest frequency [26], with the highest frequency recoded
uring functional task less than 20 Hz [29]. The experimental
rotocols (i.e., camera setup) and modelling [27,28] may also
lter the accuracy of kinematic data.

There were additional limitations in the current review.
rom the quality review, studies had low sample sizes and
ew accounted for confounding variables suggesting caution
n interpreting the review findings. Further, there were strict

nclusion criteria for functional movement tasks which meant
tudies were excluded if they used 2D movements, for exam-
le, planar ROM. This is often measured in clinical studies as
t can be easily measured in the clinical setting using low-cost N
apy 105 (2019) 421–433

ow-fidelity tools such as goniometers or the CROM. Their
xclusion meant that many clinical studies were excluded
rom the review. However, the focus of this review was to
ummarise the evidence for altered cervical kinematics dur-
ng multi-planar functional movement, as the evidence for
ifferences in single plane cervical ROM in individuals with
eck pain has been previously reviewed [30]. The number of
unctional tasks among the five studies are limited to gam-
ng, typing, standing, walking and reaching. Therefore, it is
nknown if kinematics differ in other functional tasks, for
xample, driving or putting on a seatbelt. There is a need
or future studies to examine neck kinematics for additional
unctional tasks. As non-english studies were excluded it is
ossible that other functional tasks have been measured that
ere not captured by this review.

onclusion

There is Level 3 evidence that cervical kinematics during
unctional movement differs in individuals with neck pain
ompared to pain-free individuals. This evidence suggests
ndividuals with neck pain may have greater neck flexion,
lower velocity and reduced smoothness of head movement
ompared to asymptomatic individuals during functional
ovements. However, the kinematic data reported in three

ut five included studies have small sample sizes indicating
hese findings should be interpreted with caution, and there
s a need for further research examining cervical spine kine-

atics during common functional tasks.Conflict  of interest:

Key  messages

• This systematic review found limited Level 3 evi-
dence that individuals with chronic neck pain have
slower head velocity, reduced smoothness of move-
ment and increased neck flexion angles during
functional reaching tasks compared to asymptomatic
individuals.

• Three-dimensional (3D) motion analysis is com-
monly reported in the assessment of lower limb joint
kinematics, however, this is the first review examin-
ing the evidence for alterations in 3D kinematics of
the cervical spine in individuals with neck pain.

• New knowledge provided by this paper is the specific
differences in cervical 3D kinematics in individuals
with chronic neck pain compared to asymptomatic
individuals. These further improve understanding of
neck kinematics, providing clinicians with a foun-
dation to enhance the comprehensiveness of their
physical examination and assist in tailoring exercises
more effectively for chronic neck pain.
one declared.
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