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Objective: To investigate the reliability of a novel method to measure neck surface electromyography (SEMG),
kinematics, and pain during active movements in participants with neck pain.

Methods: This test-retest study evaluated 23 participants with chronic neck pain. Each was measured twice within a
single session. Three-dimensional kinematics and SEMG were recorded in 10° increments during forward and side
flexion, extension, and rotation of the neck. Neck position during pain occurrence was also measured.

Results: Intraclass correlation coefficients were >0.80 for 96% and 100% of SEMG and kinematic data, respectively.
The percentage of standard error of the measurement (SEM) values were <25% for 91% of all SEMG measures; most
were <15%, and some were <10%. For ranges of motion in the primary plane, percentage of SEM values were all <6%
(SEM 1°-3°). Intraclass correlation coefficients for neck position during pain occurrence were all >0.60, except for
right rotation (0.48) (SEM values 2°-8°). Pain occurred approximately 59% to 75% into the total range of motion and

Conclusions: This methodology showed good reliability. It may be suitable for neck pain subclassification to
evaluate the effects of treatment on pain, kinematics, and muscle activity during functional neck movements. The
point of pain occurrence suggests increasing mechanical load on tissues may be one of the causative factors for
movement-associated neck pain. (J Manipulative Physiol Ther 2018;41:413-424)

Key Indexing Terms: Neck Pain; Electromyography,; Movement

INTRODUCTION

Neck pain is widespread with a point prevalence of 14%
and a 1-year prevalence of 26%. ' Chronicity and recurrence
are common; 37% of individuals with neck pain continue to
experience neck pain 1 year after a first episode, and 22%
experience recurrent episodes.”” It is the fourth greatest
contributor to global disability.*

Neck pain is associated with altered neck muscle activity >
and impaired neck kinematics.”* Successful management
strategies incorporate various types of neck muscle and
movement retraining and restoration; however, the optimum
type and dose is poorly understood.” Greater knowledge of
muscle and kinematic neck function in those with and without
pain is required to understand the etiology of neck pain and
develop more effective treatments. To date, neck surface
electromyography (SEMG) in people with neck pain has been


Ion.lascurain@ehu.eus
https://doi.org/10.1016/j.jmpt.2017.10.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmpt.2017.10.013&domain=pdf

414

Lascurain-Aguirrebena et al
Neck Pain, SEMG, and Kinematics

largely recorded during isometric contractions, '*'* keyboard
work, "> the craniocervical flexion test, '®'® balance tasks
or postural perturbations,'®?! and the test of the flexion-
relaxation phenomenon.**>*

Few studies have assessed muscle activity during
functional neck movements (ie, flexion-extension, side
flexion and rotation), which are often associated with
symptom occurrence. Analysis has been limited to 1 or 2
movement planes, and only the average muscle activity for
the entire range of motion (ROM) has been measured. 222526
However, studies on the directional specificity of neck muscles
have demonstrated that activity is modulated for better
biomechanical efficiency according to the position of the
neck within the ROM27’29; therefore, different muscle
activation levels may be expected in different parts of the
range. Hence, the assessment of the average activity in the entire
movement may not detect or reflect muscle dysfunction in
people with neck pain. There is a need for a method that reliably
assesses neck SEMG in discrete sections of the entire ROM.

Previous studies of neck kinematics have had participants
either seated or with movement constrained by inclinometers or
electromagnetic devices.”* Flexible measurement methods
that allow the free movement of the participant are required.
Understanding of neck pain etiology and the development of
more effective treatments requires better knowledge of neck
symptoms, and, as far as we are aware, no study has previously
assessed the point in the ROM at which pain occurs.

A tool for the reliable measurement of neck kinematics,
SEMG, and pain occurrence during unconstrained movements
of the neck throughout full available ROM is needed. Technical
errors, learning effect, and biological variance can all contribute
to measurement error,” and for any new measures to be
meaningful, they must demonstrate sufficient consistency so
that any differences or changes in the measures may be
interpreted as real findings.>* Once reliability is established,
these measures may be used to track rehabilitation progress,
assess the relevance of different causative factors, or assess the
effectiveness of different therapeutic interventions for neck pain.

The aim of this study was to investigate the within-session
reliability of a novel method to measure neck kinematics, pain
occurrence during neck movement, and SEMG in each part of
the ROM during all active physiological neck movements
(frontal, sagittal, and transverse planes) in participants with
chronic neck pain.

METHODS

The study received the approval of the University of the Basque
Country Research Ethics Committee (CEISH/243R/2014). Writ-
ten informed consent was obtained from all participants.

Participants
Participants with chronic neck pain of >3 months’
duration with no identifiable etiology were recruited from
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an outpatient clinic and posters placed in the area. Potential
participants were excluded if they had previous cervical
spine surgery, neurologic symptoms, participated in a neck
exercise program in the past 12 months, or received any
form of manual therapy in the 2 months prior to testing. >

Kinematics

A 10-camera Vicon motion capture system (Vicon Motion
Systems Ltd, Oxford, United Kingdom) was used to capture
3-dimensional motion of the participant’s head and thorax.
Reflective markers (14 mm diameter) were attached with
double-sided adhesive tape to the bridge of the nose, chin
midpoint, right and left tragus, xiphoid process, suprasternal
notch, external occipital protuberance, and spinous processes
of the first and eighth thoracic vertebrae (Fig 1). To avoid jaw
movements registering as head movements, a virtual chin
midpoint marker was generated based on the position of this
marker relative to the bridge of the nose and both tragus
markers during a static recording. The same method was
applied for the external occipital protuberance to avoid hair
interfering with the markers. Local coordinate systems for the
head and thorax were defined according to Koerhuis et al*
and Guo et al,”’ with the exception of use of the spinous
process of the first thoracic vertebra instead of the seventh
cervical vertebra to reduce the effect of skin movement during
flexion and extension. A further marker was placed on the left
thumb, which participants were asked to raise when pain
occurred during neck movements and to lower when pain
disappeared. Motion was captured at a sampling rate of 100
Hz. All kinematic data were filtered with a fourth-order low-
pass filter with a cutoff frequency of 6 Hz.*®

Electromyography

A Myon 320 wireless system (Myon AG, Schwarzenberg,
Switzerland) was used to collect SEMG data. With the
participant seated upright, skin was lightly abraded and
swabbed with alcohol,39 and 25 x 25 mm silver or silver
chloride electrodes (Biopac Systems Inc, Goleta, California)
were applied bilaterally over the sternocleidomastoid (SCM),
scalene, upper trapezius (UT), and erector spinae (ES)
muscles (Fig 1). An interelectrode distance of 20 mm was
used with the aim of obtaining a relatively large SEMG signal
and a high signal-to-noise ratio. *’

Sternocleidomastoid electrodes were placed adjacent to
a point 30% of the distance from the sternal notch to the
mastoid process and over the muscle belly of the sternal
head. Scalene electrodes were placed parallel to the
direction of the muscle fibers running to the lateral border
of the clavicular portion of the muscle. These locations have
good SEMG repeatability*' and offer the best signal
quality, being away from both the innervation zone and
tendon.** For UT, electrodes were placed midway between
C6 spinous process and the lateral acromion, on the anterior
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Fig |. Placement of reflective markers and surface electromyography electrodes.

border of the muscle bulk.** Erector spinae electrodes were
placed 2 cm lateral to the C4 to C5 spinous processes. >+

Signals were differentially amplified at the transmitter
(common mode rejection 110 dB, input impedance 100 MQ,
gain +1.25 mV), and filtered with a 30 Hz high-pass***® and
450 Hz low pass>>*’ fourth-order Butterworth filter. Electro-
myography signals were then full-wave rectified”*® and
smoothed using a 20 ms linear envelope.*® Surface electro-
myography and kinematic data were synchronized through a
Giganet using Nexus 2 software (Vicon Motion Systems Ltd).

Procedure

Age, sex, height and body mass, handedness, and area of
symptoms were recorded using a body chart, and
participants were asked to complete the Neck Disability
Index questionnaire.*” The Neck Disability Index is the
most commonly used, reliable, and validated self-report
instrument to evaluate neck disability.’® It consists of 10
questions, with total scores of 0 to 50, in which higher
scores represent greater disability. >’

Following electrode and marker placement, participants
performed 4 repetitions each of neck left and right rotation,
extension, flexion, and left and right side flexion movements,
as far as they felt able, at their usual speed, in random order
while standing still. All movements were repeated after a 20-
minute rest period. Submaximal isometric contractions were
used for SEMG normalization to reduce the possible
confounding effects of pain and fear of movement and the
risk of injury. 145253 For SCM, SA, and ES, the participants sat
with their back fully supported and secured with a strap around
the thorax to avoid compensatory movements. They were
asked to perform neck flexion, extension, side flexion right,

Table |. Participant Characteristics

Variable Mean + SD*
Age (y) 46 + 12
Height (m) 1.64+8
Weight (kg) 64 =12
Sex (M/F) 4/19
Handedness (R/L) 23/0
Duration of neck pain (y) 9+8
NDI score 12+6
Area of pain (bilateral/right/left) 13/9/1

F, female; L, left; M, male; NDI, Neck Disability Index; R, right; SD,
standard deviation.
% Values are mean + SD unless stated otherwise.

and side flexion left isometric contractions equivalent to a force
of 30 N, measured with a hand-held dynamometer (Lafayette
Instrument Co, Lafayette, Indiana) that resisted movement. For
UT, they were asked to maintain a 90° bilateral arm abduction
position. All contractions were maintained for 5 seconds and
repeated 3 times with 10 seconds of rest between trials.”*

Data Analysis

The second to fourth movement repetitions were used for
analysis. The smoothed and rectified SEMG signal (SRE)
obtained during neck movements was expressed as a
percentage SRE of the average signal obtained during the
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Table 2. Pain During Neck Movement
Flexion Extension R Rotation L Rotation R SF L SF
Participants with pain during movement (%) 9 30 39 26 35 43
Point of pain during movement (degrees), mean + SD 29+ 15 33+21 42+ 10 34 + 18 27 + 13 24 + 10
Point of pain during movement (% of total ROM), 67 =1 72 +32 73+ 13 65 + 32 80 + 24 72 +£23
mean = SD
Values are mean + SD.
L, left; R, right; ROM, range of motion; SF, side flexion; SD, standard deviation.
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Fig 2. Neck ROM and left sternocleidomastoid SEMG during right rotation (4) and extension (B). A curve has been fitted to SEMG data.
ROM, range of motion; SEMG, surface electromyography, SubMVC, submaximal voluntary contraction.

submaximal normalization contractions.>> Average percent-
age SRE was then calculated for each 10° section of each
movement (0°-10°, 10°-20°, etc). Maximum ROM values in
each movement plane (transverse, frontal, and sagittal) and
neck position during pain occurrence were also calculated.
Processing was performed with a custom-written program in
MATLAB software (MathWorks, Natick, Massachusetts).

To assess reliability the intraclass correlation coefficient
(ICC), standard error of the measurement (SEM), and
percentage SEM (%SEM) values were calculated for each
measure. When the aim of the measurement is to assess the
differences between participants, reliability can be established
by measuring the ratio of the between-participant versus the
within-participant variance. This ratio can be expressed with an
ICC, where a high ICC (=1) denotes a small within-participant
variance relative to the between-participant variance.>®
Intraclass correlation coefficient values were interpreted as
poor (<0.20), fair (0.21-0.40), moderate (0.41-0.60), good
(0.61-0.80), and very good (0.81-1.00).%’

The SEM is the most appropriate statistic to assess the
precision and absolute error of a measurement.” It is a
measure of the typical error or variation of recorded values
between measurements and allows the calculation of a
confidence interval about which a value is expected to
vary.”®>® The SEM is especially useful to determine if
observed preintervention to postintervention differences are
larger than the measurement error.”” The SEM is defined as
the standard deviation multiplied by the square root of 1
minus the ICC.>” To better interpret the magnitude and
importance of the error and allow comparison with other
measurements, the SEM can be expressed as a percentage of
the grand mean (%SEM).60 However, where the mean is
close to 0, %SEM has the disadvantage of giving large values;
therefore, its use in conjunction with the SEM is recom-
mended.” A specific threshold for a %SEM value that
denotes good reliability is yet to be agreed upon, but a %SEM
of <25% in conjunction with a high ICC has been suggested
to demonstrate good to excellent reliability. *®
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RESULTS

Twenty-three participants took part in the study; their
characteristics are shown in Table 1. The mean (standard
deviation) ROM was 46 (10°) and 47 (11°) for flexion and
extension, 56 (8°) and 57 (9°) for right and left rotation, and
35(9°)and 31 (8°) for right and left side flexion, respectively.
Sixty-one percent of participants had pain during at least 1
neck movement. Table 2 shows the percentage of participants
in the neck pain group who reported pain during each
movement and the point in the ROM at which it occurred; in
all participants, pain continued to the end of the ROM.

Figure 2 shows SEMG of the left SCM during right
rotation and extension in a participant, representative of the
SEMG and movement patterns observed in the study. Left
SCMs demonstrated increasing SEMG through the ROM of
rotation, showing a 10-fold increase in SEMG at the end of
ROM (Fig 2A). In contrast, greatest activity of the left SCM
was observed at midrange during extension, with similar
levels of activity at the beginning and end of ROM (Fig 2B).
Intraclass correlation coefficient, SEM, and %SEM values for
SEMG, ROM, and pain occurrence are shown in Figures 2
to 4, respectively. Ninety-six percent of all SEMG ICCs were
above 0.80, and only 1% (2 measures) were below 0.6 (right
UT activity during 30°-40° right side flexion and left ES
activity during 30°-40° left side flexion had only 6 and 3
cases, respectively, because most participants did not reach
40° of side flexion). All ROM ICCs were >0.90, whereas for
neck position during pain occurrence, 3 out of 6 measures
were >0.90, 2 were between 0.60 and 0.80, and 1 was
<0.60. Ninety-one percent of all SEMG measures demon-
strated %SEM values <25%, and 53% and 33% of SEMG
measures had %SEM values of <15% and 10%, respec-
tively (Fig 5).

No specific movements or muscles were identified as
having superior reliability, although it is of note that for the
30° to 60° extension range, 4 out of 6 ES measures had %
SEM values >25%. For ROM taking place in the primary
movement plane of flexion extension (sagittal), rotation
(transverse) and side flexion (frontal), %SEM were all <6%
(SEM ranging 1°-3°). For other movement planes, %SEM
was 18% to 414%; although SEM was low (1°-5°).

Intraclass correlation coefficients varied for neck
position during pain occurrence; they were above 0.90 for
extension and both-side flexions and 0.63, 0.48, and 0.77
for flexion, right rotation, and left rotation, respectively.
Standard error of the measurement for neck position during
pain occurrence was 8° and 4° for flexion and extension, 2°
for left and right-side flexion, and 7° for left and right
rotation (%SEM 9-22).

DiscuUssioN

This novel method of simultaneously recording 3-
dimensional kinematics and neck muscle SEMG in 10°
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increments and neck position at pain onset has good
reliability for all 3 measures. Ninety-six percent of SEMG
measures had ICC values >0.80, which denotes very good
reliability. Two measures had ICCs <0.61, indicating
moderate reliability; however, in these, the number of
values was small (3 and 6), making ICCs susceptible to a
single participant’s data. Ninety-one percent of SEMG
measures had a %SEM lower than the 25% threshold, 53%
had <15%, and 33% <10%; in conjunction with the
observed high ICCs, these findings support the present
methodology as being reliable for the assessment of neck
SEMG during neck movements.

Muscle activity was modulated by neck position,
supporting the need to analyze SEMG in discrete sections
of the ROM. The method used previously,*”** in which an
average SEMG for the entire movement was reported, was a
less complete representation of muscle function during neck
movements and therefore less helpful to unravel the
complexities of muscle dysfunction in neck pain and the
effect of therapeutic interventions on neck dysfunction.

Intraclass correlation coefficients for SEMG are
similar to those reported previously for isometric neck
contractions®' and the craniocervical flexion test.°*® The
%SEM for SCM has been reported as 2 to 5 during the
craniocervical flexion test, 62:63 Wwhich is lower than in this
study; however, that test involves a small neck movement
compared to the full-range movements reported here. Other
studies investigated reliability of neck SEMG during
isometric contractions*' and the craniocervical flexion
test(’4; however, they used the standard error of the mean
rather than the SEM to assess measurement precision.
Therefore comparison is not possible.

All ICCs for neck ROM were >0.9, indicating very good
reliability, and SEM in the primary movement planes were
low, all <4°. Although the %SEM for other movement planes
was often >25, this was a result of the small magnitude of the
grand means because SEM values were low, ranging 1° to 5°.
Intraclass correlation coefficients for ROM obtained in this
study are in line with those previously reported for
measurement with a Cybex electronic digital inclinometer>°
and the cervical ROM device (Performance Attainment
Associates, Roseville, Minnesota)31 and higher than those
reported when measuring with a Flock of Birds system of
motion analysis and standard inclinometers (Ascension
Technology Corp, Burlington, Vermont).*> This suggests
equal or better reliability than with the methodologies
reported previously. Our methodology allows the free,
unconstrained movement of the participant and the measure-
ment of movement in secondary movement planes, which
was not measured with these devices.

To our knowledge, this is the first study that has assessed
neck position during pain occurrence. Sixty-one percent of
participants reported pain during at least 1 neck movement,
demonstrating the importance of the movements assessed in
the current study. All movements, except right rotation
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(moderate reliability), showed good to very good reliability
(ICCs 0.63-0.96) with SEMs of only 2° to 8°. Pain occurred at a
point equivalent to 65% to 80% of the total ROM and, in all
cases, persisted to the end of the range. No participant reported
only midrange pain. The increasing mechanical load on tissues
as the neck approaches the end of ROM may be a causative
factor for movement-associated neck pain. Patients with neck
pain may show greater loading of spinal tissues; increased
activity of neck muscles, and hence greater loading, has already
been reported in participants with neck pain during resisted
contractions,28 the craniocervical flexion test, 17 and the test of
the flexion-relaxation phenomenon. >

This novel method has shown high reliability for the
measurement of SEMG, kinematics, and neck position during
pain occurrence, as evidenced by the high ICCs and low
SEMs and %SEMs. The former indicates that within-
participant variability is low compared with between-
participant variability and may be confidently used for
comparison between participants. Higher ICCs reduce the
risk of type 2 error.®® Standard error of the measurement data
as provided in this study should be used to determine the
minimal difference between 2 measures of a single participant
that can be considered a real difference (ie, minimal
detectable change), which indicates the degree (interval) to
which scores fluctuate in the absence of actual change. The
proposed method may be used to help the study of the
subclassification of patients with neck pain according to their
muscle dysfunction, the occurrence of pain at specific points
in the ROM, or the effects of treatment techniques on neck
pain occurrence and neck muscle activity during functional
movements. This method is sensitive to dysfunctions
occurring only in some parts of the ROM and allows the
accurate measurement of specific parts of the ROM, where
the intervention may be targeted. The relationship between
pain occurrence and muscle activity at those specific points in
the ROM may also be explored.

Two electrode positions for UT have been described
previously. Several groups have used a line between the spinous
process of C7 and the acromion™>%%": however, a cadaveric
study by Mercer® revealed that this location records the activity
of middle, rather than upper, fibers. Consequently, Wegner et al **
proposed placing the electrodes midway between C6 spinous
process and the lateral acromion, as used in this study.

Limitations

Surface electromyography signals were high-pass fil-
tered with a 30 Hz filter, as recommended by Drake and
Callaghan® and Schinkel-Ivy et al*® for the removal of
movement artifact and electrocardiographic contamination.
This may have removed or attenuated some low-frequency
SEMG signal, but after testing with 10 to 30 Hz filters, this
frequency offered the best compromise, reducing artifact
while minimizing the removal of the SEMG signal.

Speed of movement was not controlled, and it is possible that
subtle differences in speed between test and retest movements

Lascurain-Aguirrebena et al
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may have existed, thus affecting reliability because neck SEMG
has been shown to correlate with movement speed.® Although
the point at which participants lifted their thumb to report pain
during neck movement showed good reliability, it is possible
that there was a delay between the participant experiencing
neck pain and moving the thumb, which may have under-
estimated the proportion of the ROM that was painful.

CONCLUSION

Muscle activity is modulated by the position of the neck
in the ROM; therefore, neck muscle SEMG should be
analyzed in relation to the position of the neck during
movement. The novel method described here has high
reliability for the measurement of neck kinematics, SEMG,
and point of pain occurrence in the ROM, as evidenced by
the high ICCs, low SEMs, and %SEMs. The reported SEM
and %SEM values should be used in the future to interpret
differences between participants or changes secondary to
interventions. The point of pain occurrence suggests that
increasing mechanical load on tissues as the neck advances
closer to the end of ROM may be one of the causative factors
for movement-associated neck pain. Further research is
required to assess whether the presence of movement-
associated pain and its location in the range is associated
with impaired neck kinematics and neck muscle activity.
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Practical Applications

* Muscle activity is modulated by the position
of the neck in the ROM; hence, neck muscle
SEMG should be analyzed in relation to the
position of the neck during movement.

e The novel method described here has high

reliability for the measurement of neck

kinematics, SEMG, and point of pain occur-
rence in the ROM.

The point of pain occurrence suggests that

increasing mechanical load on tissues as the

neck advances closer to the end of ROM may
be one of the causative factors for movement-
associated neck pain.
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