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isability associated with chronic
Dcervical pain is becoming increas-

ingly prevalent in the community".
Chronic neck pain can be defined as a
condition with episodes of persistent or
recurrent and disabling pain?, with symp-
toms lasting longer than 3 months**. Data
indicate that 66.7% of individuals will suf-
fer from this condition at some stage of
their lives'. Due to the great prevalence
of cervical pain, effective management of
this dysfunction is important to relieve
symptoms and prevent its recurrence and
the associated high healthcare costs>®.

Mechanical stability of the cervical
spine is provided primarily by the sur-
rounding musculature’, and altered pat-
terns of neck flexor synergy are known to
be presentinindividuals with neck pain®.
Individuals with chronic neck pain seem
to have less activity of the deep cervical
flexors (DCF), longus capitis and longus
colli, the primary muscles involved in the
supportand controlofthe cervical curve'?,
compared to asymptomatic subjects' .

Ultrasonography is a well-estab-
lished method for evaluating changes in
muscle thickness, fiber pennation, and

ABSTRACT: Chronic cervical pain is a common source of disability in society, and evi-
dence suggests that individuals with neck pain have impairment of the deep cervical flexor
(DCF) muscles. This study investigated the recruitment pattern of the neck muscles, partic-
ularly the DCEF, during the Craniocervical Flexion Test (CCFT), using ultrasound measure-
ment of muscle activity in asymptomatic subjects. In a cross-sectional design, 10 subjects,
of both sexes, with no history of neck pain participated in the study. Participants were in-
structed to perform the CCFT, and changes in thickness from resting baseline values during
the five incremental stages of the test were obtained for DCF and sternocleidomastoid
(SCM) muscles using ultrasonography. The most significant changes found in DCF thick-
ness were between phase 1 and phases 4 (p<0.001) and 5 (p= <0.001). For SCM, differences
were most significant between phases 1 and 3 (p<0.001), 4 (p<0.001), and 5 (p<0.001); and
between phases 3 and 5 (p<0.003). No differences were found between DCF and SCM mus-
cles. The present study confirms the evidence that CCFT increases DCF recruitment. How-
ever, the ultrasonography test protocol did not identify differences in recruitment between
deep and superficial neck muscles. The present study confirms the evidence that the CCFT
challenges the cervical spine and that DCF activity is increased during this maneuver.

KEYWORDS: Craniocervical Flextion Test, Motor Control, Neck Muscles, Ultrasonog-
raphy.

muscle fascicle length'*">. It is a non-in-
vasive technique, with no occurrence of
cross-talk of adjacent muscles and with
acceptable reliability for the assessment
of deep muscle recruitment'>'¢. Although
traditionally it is used to visualize lumbar
spine muscles, there are a few studies
showing its use in cervical spine muscle
assessment'”?'. These studies were identi-
fied after a search strategy combining the
words ultrasound (ultrasonography), cer-
vical (neck), muscles (muscl*), motor con-
trol, and (stabil*) in the PubMed and
PEDro databases. To our knowledge, no
study has specifically investigated the
pattern of recruitment of the DCF mus-
cles using ultrasonography.

Therefore, the aim of this study was
to investigate the recruitment pattern of
the neck muscles using ultrasonography
measurementof muscleactivityinasymp-
tomatic subjects, while performing a spe-
cific action, namely the Craniocervical
Flexion Test (CCFT)’. This preliminary
study was taken to collect baseline data
and to investigate the sensitivity of the
protocol developed.

Methods
Subjects

Ten subjects (4 female, 6 male), mean age
26 (SD=6.7) years, with no history of cer-
vical pain volunteered for this experi-
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ment. Subjects were included in the
study if they were free from neck or up-
per limb complaints and had no history
of musculoskeletal or neurological con-
ditions affecting the cervical spine. All
subjects consented to participate in this
study. The study was approved by the
Federal University of Minas Gerais
Research Ethics Committee (ETIC
517/06—Ad 01/07).

Ultrasonography recordings of
sternocleidomastoideous (SCM) and
DCF were made unilaterally (right side),
using the Siemens Sonoline SL-1 Ultra-
sound (Bayswater Victoria, Australia).
The positioning of the instrument was
developed for this experiment, since no
previous study design was identified
that specifically targeted ultrasound ac-
tivity of cervical flexors. A 7.5 MHz
transducer was positioned longitudi-
nally on the anterior neck, in parallel
with the orientation of the trachea and
approximately 5 cm from its midline. In
this position, the ultrasound allowed
proper visualization of the muscles be-
ing investigated, the right carotid artery,
and vertebral lamina.

Procedure

Subjects were positioned in supine lying
with the knees bent and the arms crossed
on the chest. The head and neck were
placed in a standardized position so the
subject’s forehead and chin were hori-
zontal and in a mid-position. The Pres-
sure Biofeedback Unit- PBU, (Chatta-
nooga Group, Hixon, TN) was placed
suboccipitally and inflated to a 20 mm
Hg baseline pressure. This unit is a sensi-
tive apparatus for recording increases in
pressure with cervical nodding, and it is
a reliable tool for discriminating be-
tween individuals with chronic neck
pain and asymptomatic ones, using the
CCFT®. Feedback on pressure level was
provided via a manometer visible to the
subject (Figure 1).

During the CCFT, subjects were in-
structed to perform a nodding move-
ment, representing the craniocervical
flexion, in five incremental levels, from
22 to 30 mm Hg: thus, 22, 24, 26, 28, and
30 mmHg’. In each stage, subjects per-
formed the action and held the target
pressure for 10 seconds, with a 2-minute

0

FIGURE 1. Experimental setup. Subjects
were positioned in supine with the pressure
biofeedback unit (PBU) placed suboccipi-
tally to detect increases in pressure with cra-
niocervical flexion. Visual feedback of pres-
sure level was provided by a manometer.
Ultrasound transducer (US) was placed an-
terior and longitudinally for image record-
ing during the CCFT.

rest between trials. Ultrasonography im-
ages were recorded at the baseline rest-
ing phase and at the end of each succes-
sive stage. To guarantee the accuracy of
the performance during the test, the ex-
aminer taught the movement passively
to each subject and returned the head to
neutral to initiate the test. The study ad-
ministers verbally discouraged neck re-
traction that resulted in a visual increase
in superficial muscle contraction.

Data Management and Analyses

Two repetitions of the CCFT were per-
formed and recorded, and the trial with

Centraction

the best image, i.e., permitting proper
visualization of the cervical flexors, was
considered for data analysis. Ultraso-
nography data were measured with a
custom-designed software (Distance
Software) using Lab View (National In-
struments, North Ryde, NSW, Austra-
lia). This software was specially de-
signed to measure muscle thickness
between fascia borders because previ-
ous studies have employed ultrasound-
built software to measure muscle cross-
sectional area'”'®. A grid was placed
over each image, and measures of mus-
cle thickness of DCF and SCM were
made at sites 1, 2, and 3 cm to the right
of the midline (Figure 2). Cursors were
placed on the screen over the superficial
and deep boundaries of the SCM mus-
cle, and the outlines of the DCF were
identified superiorly by carotid bound-
aries and inferiorly by the echogenic
vertebral lamina. The average of the 3
measurements on all images for each
muscle was calculated. Changes in
thickness during the CCFT were ex-
pressed as a proportion of muscle thick-
ness at rest. Means and 95% confidence
intervals of measures were used for de-
scriptive analysis. Statistical analysis of
the ultrasound data was performed us-
ing an analysis of variance (ANOVA)
with the between factors being the mus-
cles and the within factors being the test
phases. Duncan’s post hoc testing was
also performed when main factors or
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FIGURE 2. Ultrasound images of the anatomic location for the
deep cervical flexors (DCF) and sternocleidomastoid (SCM) mus-
cles during relaxed (upper panels) and contracted (lower panels)
conditions for a trial to 30mm Hg pressure. Sites of thickness mea-
surement are indicated by the vertical dashed lines.
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FIGURE 3. Means and 95% confidence interval changes in thick-
ness as a proportion of baseline resting thickness for the deep cervi-
cal flexors (DCF) and sternocleidomastoid (SCM) muscles during
the CCFT phases. Note the progressive increase in thickness for
both SCM and DCF muscles during the increment phases of the

test.

interactions were obtained. Significance
was accepted at the 5% level (p < 0.05).

Results

Descriptive analysis revealed an increase
in DCF and SCM recruitment with each
progressive phase of the test (Figure 3).
No significant differences were found
between DCF and SCM changes in
thickness. The ANOVA analysis only
showed a significant effect between
CCFT phases (F=24.070; p<0.001), and
no interaction effect was identified
(F=1.09; p=0.369).

For DCE, posthocanalysisindicated
that the comparisons that were signifi-
cantly different were between phases 1
and 3 (mean difference=.16; 95% CI: .08
t0.23; p=0.003), 4 (mean difference=.18;
95%CI: .09 to .28; p<0.001), and 5 (mean
difference=.23; 95%CL .10 to .36;
p<0.001); and between phases 2 and 4
(mean difference =.11; 95%CI:.02 to .20;
p=0.035) and 5 (mean difference=.16;
95%CI:.04 to .27; p=0.003).

For SCM, the comparisons that
were significantly different were between
phases 1 and 3 (mean difference=.18;
95%CI:.08 to .29; p<0.001), 4 (mean dif-
ference=.26; 95%CI:.11 to .41; p<0.001),
and 5 (mean difference=.34; 95%CI:.18
to .50; p<0.001); between phases 2 and 3
(mean difference=.13; 95%CI:.05 to .22;
p=0.03); and finally, between phases 3

and 5 (mean difference=.16; 95%CI:.05
to .26; p= 0.003).

Discussion

There is a nonlinear relationship be-
tween changes in thickness seen with
ultrasound imaging and muscle electro-
myography during tasks involving less
than 30% of the maximum voluntary
contraction”.  Ultrasonography was
used in the present study to investigate
whether changes in pressure during the
CCFT were associated with changes in
DCF and SCM thickness. We were not
able to provide any comparison between
our findings and other ultrasound data,
since no previous data related to ultraso-
nography measurement of the neck
muscles were found in the literature al-
though the present findings reinforce
the evidence that the CCFT recruits
deep and superficial neck flexors?.
Although in the present study no
differences were found between SCM
and DCF recruitment, there was a ten-
dencytowardsagreater increasein thick-
ness for SCM than for DCF during the
last three phases of the test. Because DCF
muscles have a smaller cross-sectional
area compared to superficial neck mus-
cles, possible mechanical compression
from the surrounding musculature re-
ducing the thickness of the deep muscles
during each of the craniocervical move-

ment phases should not be ruled out. We
did not employ electromyography via in-
tramuscular fine-wire electrodes, the
known gold standard test procedure to
assess neck flexors recruitment'*, thus
we cannot clearly separate muscle activ-
ity from mechanical compression.

It is known that CCFT can discrim-
inate between those with chronic cervi-
cal pain individuals from those with-
out'?. Individuals who suffer from neck
pain have impaired performance during
the test, with less amplitude of DCF elec-
tromyography activity and significantly
higher EMG amplitude of superficial
muscles when compared with controls!!.
It seems that there is a specific effect of
neck trauma on muscle function'? and
that pain can cause alterations and sig-
nificant deficits in fine motor control of
the spine®. Our hypothesis was that ul-
trasonography measurements during
the CCFT would be sensitive enough to
detect DCF dysfunction in chronic neck
pain patients and that these subjects
would have smaller increases in DCF
thickness during the test compared to
asymptomatic subjects. These studies
are currently under development.

Condlusion

The present study reinforces the evi-
dence that the CCFT challenges DCF
recruitment as measured by ultrasonog-
raphy; however, differences between
deep and superficial neck muscles were
not identified. The protocol developed
in this study appears to have potential
clinical application to assess and moni-
tor muscle impairment in neck pain pa-
tients, providing a feasible noninvasive
and objective assessment of neck flexors
recruitment, but further research is re-
quired to investigate its reliability and
discriminatory validity.
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