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ABSTRACT

Objectives: Altered activation of the deep cervical flexors (longus colli and longus
capitis) has been found in individuals with neck pain disorders but the response to
training has been variable. Therefore, this study investigated the relationship between
change in deep cervical flexor muscle activity and symptoms in response to specific
training.

Methods: Fourteen women with chronic neck pain undertook a 6 week program of
specific training which consisted of a cranio-cervical flexion exercise performed twice
per day (10-20 min) for the duration of the trial. The exercise targets the deep flexor
muscles of the upper cervical region. At baseline and follow-up, measures were taken
of neck pain intensity (visual analogue scale; 0-10), perceived disability (Neck
Disability Index; 0-50) and deep cervical flexor EMG amplitude (via a
nasopharyngeal electrode suctioned over the posterior oropharyngeal wall) during
performance of cranio-cervical flexion.

Results: Following training, the activation of the deep cervical flexors increased
(P<0.0001) with the greatest change occurring in subjects with the lowest values of
deep cervical flexor EMG amplitude at baseline (R?=0.68; P<0.001). There was a
significant relationship between initial pain intensity, change in pain level with
training, and change in EMG amplitude for the deep cervical flexors during cranio-
cervical flexion (R?>=0.34, P<0.05).

Discussion: Specific training of the deep cervical flexor muscles in women with
chronic neck pain reduces pain and improves the activation of these muscles,
especially in those with the least activation of their deep cervical flexors prior to
training. This finding suggests that the selection of exercise based on a precise

assessment of the patients’ neuromuscular control and targeted exercise interventions
p



INTRODUCTION

Neck pain is a common complaint which affects ~70% of individuals at some
time in their lives.' The f:ourse of neck pain is best described as episodes occurring
over a lifetime with variable degrees of recovery in between.? This tendency for
recurrence and chronicity is partly attributed to persistent alterations of cervical
neuromuscular control which has been well documented in patients with neck pain.?

The function of the deep cervical muscles, longus colli and longus capitis, that
envelope and provide physical support to the cervical vertebral column is considered
an important element of neuromuscular control of the cervical spine in neck pain.*
Altered activation of the deep cervical flexor muscles is a feature of some neck pain
disorders, including whiplash-induced neck pain °, idiopathic neck pain ®7, work-

10 . &
" Despite general agreement across studies on a

related neck pain ®, and headache.
reduced level of activity of these muscles, the range of degree of impairment observed
between patients is wide. This variability may partly explain the variable symptomatic
benefit experienced by patients from exercise programs designed to train deep
cervical flexor function with responses ranging from an excellent outcome to no
relevant benefit. '+ 12

Although the mechanisms underlying the symptomatic benefits observed in
patients performing exercise may be multifactorial, we hypothesize that the degree of
muscle impairment present in the individual before the commencement of training is
one of the important determinants of symptom relief. The purpose of this study was to
test this hypothesis by investigating the relationship between deep cervical flexor
muscle activity before training and symptoms in response to a 6 week exercise

program specifically aimed at training the function of the deep cervical flexor muscles

in patients with neck pain.



based on this assessment are likely to be the most beneficial to patients with neck
pain.

Key Words: neck pain, longus colli, longus capitis, cranio-cervical flexion, training



METHODS
Subjects

Fourteen women (age, 39.5 = 12.1 yrs) with a history of neck pain greater
than 6 months (10.4 + 11.5 yrs) participated in the study. The study was a single
group design since the aim was to investigate the relationship between change in deep
cervical flexor muscle activity and symptoms in response to specific training. Earlier
studies have demonstrated the efficacy of the training intervention in randomized
controlled trials.'"

Subjects were recruited by advertisements in the local press. Participants
were included if they were between the ages of 18-60 years, reported a history of
idiopathic neck pain of greater than 6 months duration, scored 5 points or greater out
of a possible 50 points on the Neck Disability Index (NDI)'*, and demonstrated
positive findings on a physical examination of the cervical spine (altered joint motion
and painful reactivity to palpation). Patients were excluded if they had undergone
cervical spine surgery, complained of any neurological signs in the upper limb or had
participated in a neck exercise program in the past 12 months. The patients’ average
score for the Neck Disability Index (range, 0-50) was 10.2 £ 2.7 and their average
pain intensity rated on a visual analogue scale (0-10) was 4.1 +1.7.

Ethical approval for the study was granted by the Institutional Ethics
Committee and the procedures were conducted according to the Declaration of
Helsinki.

Measurements
The outcome measurements for the study were the EMG amplitude of the

longus colli/longus capitis during five stages of an isometric cranio-cervical flexion



task and the patient reported levels of pain and disability. All were assessed at
baseline and in the week immediately after the 6-week intervention period (week 7).
Electromyography

Electromyography was acquired from the longus colli/longus capitis muscles
unilaterally on the side of greatest pain, which was the right side for 7 patients. The
apparatus consisted of bipolar silver wire electrode contacts (2 mm x 0.6 mm, 10-mm
inter-electrode distance) attached to a suction catheter (size 10FQG), with a heat sealed
distal end, which was inserted via the nose to the posterior oropharyngeal wall (Fig.
1A,B). The validity and reliability of this technique has been established in previous
studies.'™ '® The electrode location was confirmed by inspection through the mouth
~]cm lateral to the midline at the level of the uvula (approximately the level of the
C2-3 intervertebral disc) which is the level at which the longus colli muscle has its
greatest cross-sectional area.'” The electrode contacts were fixed to the mucosal wall
with a suction pressure of 30 mmHg via a portal between the two contacts. Before
insertion, the nose and pharynx were anaesthetized with three metered doses of 2%
Xylocaine ® spray (lidocaine, Astra Pharmaceuticals, Sweden) administered via the
nostril and to the posterior oropharyngeal wall, via the mouth. A ground electrode was
placed on the upper thoracic spine.

EMG signals were amplified with gain 1000, band-pass filtered between

20Hz — 1kHz, and sampled at 2kHz. Data were sampled with Spike software using a
microl1401 data acquisition system (Cambridge Electronic Design, Cambridge, UK)

and converted to digital form by a 12-bit analog-to-digital converter.

Insert Figure 1 here




Cranio-cervical Flexion Task
Subjects were comfortably positioned in supine, crook lying with the head and

neck in a mid-position and were instructed to perform a cranio-cervical action
(anatomical action of the deep cervical flexors) (Fig. 1C). The task consisted of five
incremental movements of increasing cranio-cervical flexion range of motion.
Performance was guided by visual feedback from an air-filled pressure sensor
(Stabilizer™, Chattanooga Group Inc. USA) which was placed sub-occipitally behind
the subject’s neck and inflated to 20 mmHg. During the test, subjects were required to
perform gentle nodding motions of cranio-cervical flexion that progressed in range to
increase the pressure by five incremental levels, with each increment representing 2
mm Hg. Subjects practiced targeting the five test levels (22-30 mmlg; increments of
2 mmlHg) in two practice trials before the electrodes were applied. The repeatability
of normalized EMG amplitude of the deep cervical flexor muscles for the five stages
of this cranio-cervical flexion task has been established previously.'®

Both pre and post training, EMG data were first collected for 10 s during a
standardized manoeuvre for EMG normalization. The task involved cervical and
cranio-cervical flexion to lift and hold the head just clear of the bed (reference
voluntary contraction). Subjects then performed the five incremental stages (22-30
mmHg) of the cranio-cervical flexion task, maintaining the pressure steady on each
target for 10 s and resting for 30 s between stages. Data collection commenced when
the subject reached the pressure target.

The root mean square (RMS) of the EMG was calculated over a 1 s sliding
window and presented as an average across the 10-s contractions. The values of RMS
were expressed as a percentage of the maximum RMS value during the reference

voluntary contraction (head lift).



Patient Reported Levels of Pain and Disability
At both laboratory sessions the participants’ reported levels of pain were

measured with a Visual Analogue Scale (VAS). Participants were asked to indicate
their average neck pain intensity over the previous week by placing a mark on a
100mm line bordered at one end by the words “no pain” and the other end by the
words “worst pain ever”. Participants also completed a Neck Disability Index (NDI)'*
which is a 10 item questionnaire relating to daily activities and cervical spine related
pain. Bach item is scored from 0 to 5, and the total score out of 50 points is summated.
Training Intervention

The training intervention commenced within one week of the initial
assessment and lasted 6 weeks. The patients received personal instruction and
supervision by a physiotherapist once per week. No exercise sessions were longer
than 30 min. Subjects were asked not to seek other interventions for neck pain
although usual medication was not withheld. Subjects received an exercise diary and
were requested to practice the cranio-cervical flexion exercise twice per day (10-20
min) for the duration of the trial, without provoking neck pain and with attention to
performance of smooth uniplanar movements. Cranio-cervical flexion training
followed the protocol described by Jull et al.'® The exercise targets the deep flexor
muscles of the upper cervical region (longus capitis and longus colli), rather than the
superficial flexor muscles, which flex the neck but not the head.

In the first phase of training the physiotherapist taught the subject to perform
a slow and controlled cranio-cervical flexion action in the supine position. The subject
concentrated on feeling the back of the head slide in cephalad and caudad directions
on the supporting surface to ensure a sagittal rotation rather than a retraction

movement. Once the correct cranio-cervical action was achieved, subjects began the



second phase of training in which they trained to hold progressively increasing ranges
of cranio-cervical flexion using feedback from the air-filled pressure sensor placed
behind the neck. The feedback dial displayed the amount of pressure change as the
cervical lordosis progressively flattened during cranio-cervical flexion. The subject
initially performed cranio-cervical flexion to sequentially reach five pressure targets
in 2 mmHg increments from a baseline of 20 mmHg to the final level of 30 mmHg.
The physiotherapist identified the target level that the subject could hold steadily for 5
s without resorting to retraction, without dominant use of the superficial neck flexor
muscles, and without a quick, jerky cranio-cervical flexion movement. Contribution
from the superficial muscles was monitored by the physiotherapist by palpation.
Training was commenced at the target level that the subject could achieve with a
correct cranio-cervical flexion movement and without dominant use of the superficial
muscles. They then trained to be able to sustain progressively greater ranges of
cranio-cervical flexion using feedback from the pressure sensor progressing through
the stages of the task (22 mmHg — 30 mmHg) from their baseline level. For each
target level, the contraction duration was increased to 10-s, and the subject trained to
perform 10 repetitions with brief rest periods between each contraction (~3-5s). Once
a stage was achieved, the exercise was progressed to train at the next target level up to
the final target of 30 mmHg.
Statistical Analysis

Two-way analysis of variance (ANOVA) was used to analyze the normalized
RMS of the deep cervical flexors, with time (pre and post intervention) and stage (20
mmHg — 30 mmHg) as repeated measures. Further, a one-way ANOVA was used to
evaluate differences in the average pain intensity and perceived disability (NDI)

following training, with time (pre and post intervention) as the repeated measure.



Significant differences revealed by ANOVA were followed by post-hoc Student-
Newman-Keuls (SNK) pair-wise comparisons.

Linear correlation analysis was used to determine the association between
changes in normalized RMS and changes in pain and NDI induced by the training
program. Finally, a multiple regression analysis was performed with change in pain
intensity as the dependent variable and initial pain and percent change in RMS across
the five stages of the cranio-cervical flexion test as independent variables. Results are
reported as mean and SD in the text and SE in the figures. Statistical significance was

set at P <0.05.

RESULTS

All patients returned for the follow-up assessment. The patients attended 5.8 +
0.4 of the 6 sessions and none reported receiving any other treatments in the
intervention period. Exercise compliance was 94.3 + 5.9 % completion of suggested
exercise prescription, as recorded in the exercise diary. The average neck pain
intensity decreased from 4.1 + 1.7 to 2.3 + 2.3 following the 6 week intervention
period (P<0.01). The perceived disability reduced from 10.2+2.7to 5.5+ 4.4
following training (P<0.001). Forty-three percent of patients indicated an average
intensity of neck pain less than 0.5 out of 10 post training, of which 21% of patients
reported complete relief of pain. Two patients reported an increase of their neck pain
(from 4.4 to 6.2 and from 6 to 7).

The EMG amplitude recorded during the reference voluntary contraction

was 208.5+123.1 uV and 191.5 + 113.3 puV pre and post training respectively.

Analysis of the group data showed that the activation of the deep cervical flexors

10



increased following training across all stages of the cranio-cervical flexion test (main

effect for time; P<0.0001; Fig 2).

Insert Figure 2 here

Fig. 3 presents representative raw EMG data for the deep cervical flexors in
two patients performing the cranio-cervical flexion task and head lift maneuver.
Patient A showed similar levels of activation of the deep cervical flexor muscles
during the cranio-cervical flexion task relative to the head lift post training as
compared to baseline whereas patient B showed lower amplitude of deep cervical
flexor activity at baseline and a greater increase in activation post training compared
to patient A. Accordingly, the group data showed that patients with the greatest
change in the activation of deep cervical flexors (% increase) following training were
those with the lowest values of deep cervical flexor RMS at baseline (R2=0.68;
P<0.001; Fig 44). When the change in deep cervical flexor activation post training
was averaged across all stages of the cranio-cervical flexion test, there was no
correlation between the amount of change in activation and change in pain intensity
(R?=0.04) or NDI (R?<0.002). However, a greater increase in activation of the deep
cervical flexors across the final two stages of the test (28 and 30 mm Hg) correlated
with a greater reduction in average neck pain intensity (R*=0.30; P<0.05; Fig. 4B) but
not NDI (R?>=0.07). In accordance, a multiple regression between change in pain level
(dependent variable) and initial pain and change in EMG RMS for the deep cervical

flexors for the five stages was significant (R?>=0.34, P<0.05), with a correlation
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identified between change in pain post training and change in activation of the deep

cervical flexors at stages 28 mmHg and 30 mmHg (P<0.05).

Insert Figures 3 and 4 here

DISCUSSION

Following 6 weeks of training, the patients with the greatest percent change in
activation of their deep cervical flexor muscles on a task of cranio-cervical flexion
showed the greatest pain relief from training. Furthermore, patients with the least
activation of their deep cervical flexors at baseline showed the greatest change in
activation post training. These findings suggest that there is an association between
the level of pain perceived by the patients and the degree of function of their deep
cervical flexor muscles and supports the prescription of this form of exercise to
patients with neck pain, particularly those who demonstrate poor performance on
specific tests of deep cervical flexor muscle function.

As a component of the neuromuscular control changes observed in people with
neck pain, a relatively consistent observation is a change in the behavior of the deep
cervical flexor muscles. Altered activity of the deep cervical flexors has been
observed during the task of cranio-cervical flexion ®” ', during postural perturbations
19 and deficits in their strength and endurance have been observed at different
contraction intensities.”” Furthermore, these changes in neuromuscular control occur
early after the onset of the disorder as observed in persons with acute whiplash

measured within 4 weeks of injury.’
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Training interventions that aim to address the impairment in the deep cervical
flexors in patients with neck pain have been evaluated previously in randomized

H-13.21 A5 observed in this study, activation of the deep cervical

controlled trials.
flexors has been previously shown to increase following specific and repeated training
of the deep cervical flexors in patients with neck pain.'’ The approach involves
training the activation of the deep cervical flexor muscles independently of the more
superficial flexor muscles. The rationale for this training approach is based on the
principle of motor learning, which places emphasis initially on the practice of
movement components rather than practicing the whole movement.** This principle
has also been applied successfully to train muscles in other musculoskeletal
conditions.”° The basis for this approach is that repeated activation of the deep
cervical flexor muscles may induce neuroplastic changes which in turn will lead to
improved recruitment of the trained muscle during complex functional tasks.*

The main contribution of this study is the analysis of the relation between
the amount of activation of the deep cervical flexors prior to training and the amount
of improvement post training, and their association to perceived pain. The hypothesis
that patients with the greatest impairment in the deep cervical flexor function would
show the greatest improvement in the activation of these muscles following the
intervention was verified. Furthermore, those who showed the greatest improvement
in the activation of the deep cervical flexor muscles also showed the greatest amount
of pain relief from the training intervention. A correlation between the reduction in
average neck pain intensity and change in deep cervical flexor activity post training
existed only when the change in activation was averaged across the final two stages of
the cranio-cervical flexion test (28 and 30 mm Hg) and not when it was averaged

across all stages of the test. This finding is not surprising considering that
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significantly reduced activation of the deep cervical flexor muscles was observed in
patients with neck pain at the stages of 28 and 30 mm Hg only in the original study
investigating differences between patients with neck pain and controls. " The finding
of an association between the pain perceived by the patients and the level of motor
impairment strongly supports the inclusion of training in the treatment of neck pain
patients. Further, selection of exercises based on a precise assessment of the patients’
neuromuscular control and targeted exercise interventions based on this assessment
are likely to be the most beneficial to patients.

Training the deep cervical flexors is achieved by having the patient perform
cranio-cervical flexion in supine as an active movement at a slow speed with an
emphasis on precision and control and without provocation of pain 18 as implemented
in this study. Formal practice of the movement should be undertaken twice a day (10-
20 min). Training endurance of the deep cervical flexors is commenced as soon as the
patient can perform the cranio-cervical flexion movement correctly. Training is
commenced at the pressure level that the patient has been assessed to be able to
achieve and hold steadily with a good movement pattern. This is often at the lowest
levels of the test (22 or 24 mmHg). The movement is facilitated with eye movement
into the flexion direction and emphasis is always on precision and control. For each
pressure level, the holding time is built up to 10 seconds, and 10 repetitions are
performed. Once the holding contractions at a certain pressure level are achieved, the
exercise is progressed to train endurance at the next pressure level. Studies have
shown that most asymptomatic subjects can achieve pressure levels between 26 and
30 mmHg and can hold the pressure steady for 10 seconds with 10 repetitions. " 528,29
The aim for neck pain patients is to train the muscles towards an optimal performance

(30 mmHg) and most neck pain patients are capable of achieving these higher
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levels.'? The time taken to achieve and hold the five levels of the cranio-cervical task
1s variable but can usually be achieved in four to six weeks.

The increased activation of the deep cervical flexor muscles post training
may reflect both central and peripheral adaptations. Some studies have reported early
peripheral changes (i.c., after 6.5 to 14 weeks), such as increased fiber cross sectional

3932 in response to high-intensity strength training

area and fiber pennation angle
paradigms. However, given that the training protocol in this study involved low loads
applied for only 6 weeks, changes in muscle activation were presumably induced by
neural adaptations, as has been shown previously.***’

Changes at many levels of the nervous system may explain the changes
observed for the deep cervical flexor muscles following the exercise intervention in
this study. Although not yet examined in patients with neck pain, reorganization of
deep trunk muscle representation at the motor cortex has been observed in individuals
with recurrent low back pain.’® Changes in the excitability of the motor neurons and
motor cortex have been shown to occur with repeated voluntary contractions.®”*°
Furthermore, animal studies have revealed that increased task proficiency is correlated
with increased synaptic efficacy of the primary motor arca *’ through processes such
as strengthening of horizontal cortical connections in layers II/III ** and increased
synapses per neuron in layer V **. It is now well appreciated that the primary motor
cortex of both humans and animals is specifically engaged during the acquisition
phase of novel motor skills and that the associated neuroplasticity is not the result of
increased muscle or nerve excitability.*® * These changes can take place rapidly
within minutes to hours following motor practice *’, especially in novel tasks. The

task used in the present study for training is also relatively novel since it is not a

common voluntary activity, thus the training protocol can be associated to learning a
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novel task. The ability to target a specific component of movement requires greater
skill and increased levels of attention and precision than contraction of all muscles
(c.g., strength training). Therefore, it is likely that changes at the cortical level may
have occurred following the training program in this study. Accordingly, the type of
training used in this study has been reported to invoke superior plastic changes in
central motor control pathways compared to unskilled or non-isolated training.*

A control group was not included in this study since the aim was to investigate
the relation between the amount of activation of the deep cervical flexors prior to
training and the amount of improvement post training, and their association to
perceived pain. Previous randomized controlled trials have confirmed that training the
deep cervical flexors in patients with neck pain is effective at reducing neck pain,
headache and perceived disability. ' '" 13 1 ikewise this study did not include a long
term follow-up since previous trials have shown that the pain relief gained from this
training approach is maintained at a 12 month follow-up.'* The main limitation of the
study is the small sample size. A large sample was difficult to achieve due to the
invasiveness of the procedure. Despite the small sample, the findings yielded
significant results.

Conclusion

Repetitive specific training of the deep cervical flexor muscles in women with
chronic neck pain reduces pain and increases the activation of these muscles,
especially in patients with the least activation of their deep cervical flexors prior to

training.
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FIGURE LEGENDS

Figure 1. A. disposable bipolar surface electrodes for detection of deep cervical
flexor (longus colli and longus capitis) EMG activity. B. Using a nasopharyngeal
application, surface electrodes, attached to a catheter, are positioned over the posterior
oropharyngeal wall. The deep cervical flexor muscles lie directly posterior to the
oropharyngeal wall. C. Motion characteristics of the cranio-cervical flexion task and
exercise protocol. The figure shows the starting position (left) and end range cranio-
cervical flexion position (right) of the exercise. The cranio-cervical flexion action
involves a nodding ‘yes’” movement of the head such that it remains in contact with
the supporting surface, flexion motion occurring predominantly about the upper

cervical motion segments.

Figure 2. Normalized root mean square (RMS) values (mean and standard deviation)
for the deep cervical flexor muscles for each stage of the cranio-cervical flexion task
pre and post intervention. * indicates significant difference between pre and post

intervention data (P < 0.05).

Figure 3. Representative raw EMG data for the deep cervical flexor (DCF) obtained
both pre and post training for two representative patients. (A) In this example note the
similar amount of DCF muscle activation post training compared to baseline values.
(B) In this representative example the patient shows lower amplitude of DCF activity
relative to the head lift at baseline and a much greater increase in EMG amplitude

relative to the head lift post training.
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Figure 4. (A) Scatter plot of pre-training normalized deep cervical flexor (DCF) root
mean square (RMS) values and the percentage change in DCF RMS values post
training. (B) Scatter plot of post-training normalized DCF RMS (averaged over 28
and 30 mmHg only) and change in average neck pain intensity rated on a visual

analogue scale (VAS) post training,
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