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ABSTRACT

Title: The effect of deep cranio-cervical flexor (DCCF) training on sitting posture in chronic neck
pain Objectives : The purpose of this study was to investigate whether a low load DCCF training
program is effective in control of sitting posture over conventional Isometric neck Exercise (INE) in
subjects with chronic neck pain. Methods: Fifty female students with chronic non-severe neck pain
were randomized into experimental or control group: a low load DCCF training plus conventional
INE or only conventional INE respectively for 4-week exercise program. The outcome measure was
control of sitting posture during 10min computer task and VAS for intensity of neck pain

Results: At the end of 4th week follow-up assessment, the experimental group revealed a
significant improvement in control of sitting posture. Conclusion: A low load DCCF training is
effective in control of sitting posture compared to isometric neck exercise in subjects with chronic

non-severe neck pain.

Key words: DCCEF, Isometric Neck Exercises,
Sitting Posture, Chronic neck pain

INTRODUCTION

Neck pain is relatively common complaints,
especially with the inherent prolonged
sedentary postures at study, work and at
home.! Chronic cervical spine disease is
becoming increasingly prevalent in society.
Estimations indicate that 67% of individuals
will suffer neck pain at some stage of life.?
Neck pain tends to be a persistent and
recurrent disorder, and up to 60% of persons
can expect some degree of ongoing pain for
many years following their first episode of
neck pain.® The overall prevalence of all
types of chronic neck pain is higher in
females. Almost every other woman, 48%
have neck pain.*

Poor neck posture has been suggested to be a
most common cause of chronic neck pain in

younger age group, as trauma or severe
degenerative conditions are found only in a
few cases. Neck pain can be because of poor
posture at work or study, such as leaning into
computer, and during hobbies, such as
hunching over workbench.>® Evidence is
emerging that suggests that people with neck
pain drift into more forward head posture
(FHP) when distracted, ’

FHP is considered to be inefficient,
increasing the antigravity load on the cervical
structures  instigating  abnormal  and
compensatory activity by them and resulting
in pain.® FHP is a clinical entity that has been
identified by multiple authors as a significant
factor in a variety of musculoskeletal pain
syndromes and also with significant
musculoskeletal consequences. * %1

The DCCF (longus colli and longus capitis)
muscles have a major postural function in
supporting and straightening the cervical
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lordosis and in maintenance of normal RHP
1213 Recent studies have identified poor
endurance and impaired activation of the
DCCF muscles in people with neck
pain.14'15’16'l7

Evidences are available to prove the effect of
different exercises and modalities to reduce
pain and disability and improve muscle
strength.  Although static forward head
posture is a common cause of chronic neck
pain in younger age group at school, college
and at work, very few studies carried out to
evaluate the effect of exercise on posture
maintenance.

Among them Falla D et al, 2007 found that
following intervention with an exercise
program targeted at retraining the DCCF
muscles, subjects with chronic neck pain
demonstrated improved ability to maintain a
neutral cervical posture during prolonged
sitting. They compared low load DCCF
training with endurance strength training for
cervical flexors as a whole for maintenance
of sitting posture.*®

Isometric neck exercise (INE) is commonly
prescribed by physiotherapists for chronic
neck pain, the effectiveness of isometric neck
exercise on pain and disability has been
proved previously, * but there is no data
available that this training is effective to
maintain sitting posture. There is no
sufficient data available to  check
effectiveness of low load DCCF training over
INE on sitting posture.

So there was need to study whether specific
training of the DCCF muscles is required in
rehabilitation or a more general NIE was
sufficient to improve control of sitting
posture in people with chronic neck pain.

MATERIAL AND METHODS
This study was an Experimental study,
conducted at the College of Physiotherapy,
Anand. The experimental procedure was
ethically revised and approved by the
Research and Ethical committee of College
of Physiotherapy, Anand. (Annexure-1)

11

This study constitutes the double blinded

randomized controlled trial devoted to

analyze the effectiveness of the low load
craniocervical flexor training on sitting
posture in people with chronic neck pain.

Sample size of the study was 50. 25 subjects

being in each group after randomization with

age between 15 to 30 years.

The study population covers the female

students of College of Physiotherapy, Anand

and were recruited according to the inclusion
and exclusion criteria mentioned below.

Inclusion criteria:

1. Subjects with a history of chronic
(between 3 months to 5 years), non severe
(<7cm on VAS) neck pain.

2. Only female students of college of
physiotherapy, Anand.

3. The subjects who scored <15 (out of
possible 50) on Neck Disability Index
(NDI).

Exclusion criteria:

1. Subjects having significant history related
to cervical spine i.e. trauma, surgery, any
congenital deformity or neurological
signs.

2. Subjects who participated in a neck
exercise program in the past 12 months.
After meeting suitable criteria, the written
informed consent (Annexure-2) was obtained
from each subject after explaining the details
of various non-invasive tests and training to
be conducted and baseline measures had been
measured before allocating them into two

groups.

Outcome measures:
1. Sitting posture analysis:

Subjects were positioned in front of the
computer in sitting with their knees in 90
degrees of flexion and their feet flat on the
ground. A plumb line was positioned in the
background. The starting position was
standardized by placing the subject in an
upright posture, which was defined as a
vertical pelvic position (no anterior or no
posterior tilt) with the assumption of a
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lumbar lordosis and thoracic kyphosis.
(Figure-1A) Subjects were asked to maintain
the position while they were distracted by
playing the game of solitaire on the computer

A B

(-

Figure-1: A) Starting position of patient for sitting po
C) Cervical and thoracic angle measurement.

Cervical and thoracic posture was measured at
the beginning and at the end of the 10 minute
computer task from a lateral photograph taken
with a digital camera (Canon Digital IXUS
1600%1200 pixels) positioned on a tripod at a
distance of 0.8 m. the axis of the lens of the
camera was placed orthogonal to the sagittal
plane of the patient at a height that
corresponded with the seventh cervical
vertebra. Markers were positioned on the
tragus of the ear and spinous processes of the
seventh cervical and seventh thoracic
vertebrae. (Figure-1B).

The digital technique used to quantify angular
displacement in this study has been previously
described. The technique has been shown to
produce reliable angular measurements (intra
class correlation coefficient [ICC] (2, 2) > .93)
and the criterion validity of the technique has
been established when compared to the
universal goniometer by no significant mean
absolute  difference  between the 2
measurement techniques.

The angle of forward head posture was
measured from a line drawn from the tragus of
the ear to the seventh cervical vertebra
subtended to the horizontal. The software
produced a horizontal line perpendicular to the
vertical plumb line captured in the background
of the image. Thoracic posture was calculated

for 10minutes. Subjects used the mouse with
their right hand and the left hand rested
motionless on the desk in front of them.

as the angle between the horizontal line and a
line drawn between the seventh cervical
spinous process and the seventh thoracic
spinous process.(figure-1C) Changes in angles
from an erect starting posture (time 0) to the
angles measured after 10-minute task were
calculated and expressed relative to the angle
at time0.

2. Pain Intesity was measured by using Visual
Analog Scale (VAS) and subjects were
asked to tick their perceived pain intensity
at that moment.

Following baseline measurements, the subjects
with chronic neck pain were randomized into
experimental and control groups: a training
regimen of the deep craniocervical flexor
muscle training plus neck isometric exercise
regimen and only neck isometric exercise
regimen respectively. The allocation sequence
was generated by using 2x2 random table; the
progression of subjects through the exercise
trial is illustrated below. (Figure-2)

Exercise Regimens:

The exercise regimen was conducted over a 4-

week period and subjects in each group

received personal instruction and supervision
by an experienced physical therapist twice per
week for the duration of the trial. None of the
exercise sessions were longer than 30 minutes.
Subjects were asked not to receive any other
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specific intervention for their neck pain. All
subjects were requested to practice their
respective regimen twice per day for the

duration of the task. The exercises were
performed without any provocation of neck
pain.

Study Population (Neck Pain)

| Assessad for inchuston critena (n=93)

| Exclnded (n=35}

Not walling to participate (1=8) ‘

Randomly assigned after mformed

| consent(n=30)

|

| Expermental Group (=25)
|

| Contro! Group (n=23)

v
Follow up at the end
of 4% week
(n=25)

A

Follow up at the end
of 4" week

o=23)

Figure-2 Flow chart describing the progress of subjects through the trial.

Deep Cranio-cervical flexor training intervention.

Figure-3: Training procedure of DCCF muscle

Training of the deep craniocervical flexor
muscles followed the protocol described, by
Jull et al. The exercise targets the deep flexor
muscles of the upper cervical region, the longus
capitis and longus colli muscles, rather than the
superficial flexor muscles, the
sternocleidomastoid and anterior scalene,
which flex the neck but not the head. In
addition, the exercise is a low-load exercise in
nature to more specifically train the deep

cervical flexors, rather than the neck flexors as
a whole, which occurs in a head lift exercise.
The exercise used a roll of towel which was
placed suboccipitally to monitor the subtle
flattening of the cervical lordosis that occurs
with the contraction of the longus colli muscle.
Subjects were instructed to “gently nod their
head as though they were saying 'yes'." The
physical therapist identified the target level that
the subject could hold steadily for 10 seconds
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without resorting to retraction, without
dominant use of the superficial neck flexor
muscles, and without a quick, jerky
craniocervical flexion movement. Contribution
from the superficial muscles was monitored by
the physical therapist in all stages of the
training using palpation (Figure-3)

Training was commenced at the level which the
subject could achieve with a correct movement
of craniocervical flexion and without dominant
use or substitution by the superficial muscles
(sternocleidomastoid, hyoid, and anterior
scalene muscles). The subjects were taught to
perform a slow and controlled craniocervical
flexion action. They then trained to be able to
sustain progressively increasing ranges of
craniocervical flexion. At each level patient

asked to perform 3 sessions of 10 repitions with
10 seconds hold with the 1min rest between the
sessions.

Neck — isometric exercise regimen:

In upright sitting position subject was asked to
perform a single series of 15 repetitions with 10
seconds hold of isometric exercises for cervical
flexors, extensors and left and right side flexors
(Figure-4 A,B,C and D). Resistance provided at
right angle from the plan of the movement by
the therapist’s one hand placed on forehead for
flexion, back of the head for extension and on
the sides of the head, just above the ear for side
flexions. Patient was asked to place their own
hand instead of therapist for home exercise.
Resistance applied was judged and progressed
every weekly according to patient capacity.

Figure-4: Isometric Neck Exercise A) for cervical flexor, B) for cervical extensor, C) for cervical
left side flexor and D) for cervical right side flexor muscles training

Both the outcome measures were assessed in
the week immediately after the 4-week
intervention period for both the groups.

STATISTICAL METHODS

Of the 50 participants with neck pain who
participated in the study, none were lost to
follow up assessment at the end of the study.
All participants in the experimental group and
control group received the full 8 treatments and
performed their respective exercise at home
twice daily, measured by home exercise record
diary. No patients reported any adverse events.
Unpaired t tests were used to find out
homogeneity of two groups for all the

parameters at baseline and to compare the
outcome measurement data between two
groups after 4-week intervention.

Paired t tests were conducted to determine
whether sitting posture (cervical and thoracic
angle) and Pain intensity (VAS) were
significantly different before and after the
intervention.

Each calculated t-value is compared with t-
table value to test one tailed hypothesis at 0.005
level of significance. Data analysis software
SPSS 13.0 version has been used for the data
analysis of the present study.
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RESULT

Table-1: Demographic Data for both the groups

Deep craniocervical training intervention | Neck isometric  exercise intervention

(n=25) (n=25)

mean+SD median Range mean+SD Median Range
Age (y) 20.12+2.1 20 17-25 20.2+1.76 20 18-26
BMI 20.01+3.14 19.19 15.6-29.4 | 20.43+1.54 19.73 15.4-31.12
C2-C7 7.96+0.84 8 6.5-10 8.24+1.06 8.5 6.5-10.5
length(cm)
C7-T7 13.66+1.18 135 11.5-16 13.66+1.24 135 11.5-16
length(cm)
Duration of the | 29.76+£12.78 24 6-60 30.72+18 24 3-60
symptom(month)
VAS (0-10) 4.05+1.34 4.2 1.8-6.6 4.34+1.54 4 0.7-4.3

Subject’s descriptive data is presented in table-
1. All the descriptive data for both the
experimental and control groups were
homogenous for all possible confounding
factors at baseline.

There were no co-relation found between these
parameters and cervical and thoracic angle at
baseline and at the end of the study.

After 4-week intervention program both the
groups showed significant reduction in change
of cervical and thoracic angle during 10min
computer task compared with pre-intervention
measurement. However after intervention the
experimental group showed significantly
higher reduction in change of cervical and
thoracic angle during 10min computer task
compared with the control group. (Table-2)

Table-2: Comparison of cervical and thoracic angle between two groups

DCCF Training Group INE regimen Group

Time0 Timel0 Change Time0 Timel0 Change
Cervical Pre 453+2.6 | 37.5+3.3 | 7.8+2.3 | 449+29 | 38.1+42 | 6.8+1.8
Angle Post 4734127 | 43.7£3.6 | 3.3x1.4 | 46.7+3.4 | 41344 | 54+1.8
Thoracic Pre 58.2+2.6 51.1+3.3 7+2.4 57.9+3.6 51.3+4.5 6.6+£1.7
Angle Post 60.5+3.4 | 57.7+3.7 2.8+1.1 59.2+3.8 | 53.7+4.8 | 5.6+1.7

Graph-1 Comparison of pre and postintervention mean change in A) cervical angle and B)
thoracic angle during 10min task between two groups.

Comparison of Pre and
Postintervention Mean Change in
Cervical Angle During 10 min Task

between Two Groups

7.8

Comparison of Pre and
Postintervention Mean Change in
Thoracic Angle During 10 min Task
between Two Groups

S o S o
> 8 . 6.8 2> 8 d 6-6
g < & 64+ e @ Preintervention % < 8 6 250 @ Preintenvention
£ T® D 3.3 . . =5 D . .
o <§ 8 4 T B Postintervention (8] § 8 4 A B Postintervention
=© o T =k o T
DCCF Only INE DCCF Only INE
training plus Group training plus Group
INE Group INE Group
GROUP GROUP
A B
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After 4-week intervention program both the
groups showed statistical significant reduction
in pain intensity. Meant S.D of intensity of
pain (VAS) preintervention for experimental
group was 4.05+1.3 and for Control group was
4.3+1.5.

DISCUSSION

Following a 4-week intervention with either
DCCF training plus INE or only INE, the
participants with neck pain improved their
ability to maintain an upright posture of the
cervical and thoracic spine however; the group
who received additional specific training
targeting DCCF muscle has significantly more
improvement than that of the only INE group
subjects. DCCF training involves performing
and holding inner range positions of
craniocervical flexion, the anatomical action of
the deep cervical flexor muscles. This training
has been shown to increase the activation of
these muscles.”® The improved ability to
maintain an upright position of the cervical and
thoracic spine, which was observed for the
experimental group, is a direct reflection of an
improved endurance of the DCCF muscles,
which was also increased in this group. This
improvement occurred even though there was
no exercise instruction on postural correction in
sitting. This finding supports that inadequate
control of the head in prolonged sitting may be
a functional correlate of deep cervical muscle
impairment.

Moreover, craniocervical flexion directly
activates the deep cervical flexor musculature,
2422 \which have a relatively high density of
muscle  spindles.”®  Improved  cervical
kinesthetic sense following craniocervical
flexor training® also may explain the improved
ability to maintain an upright position of the
cervical spine.

It is notable that the only INE regimen did not
influence postural parameters of the cervical
and thoracic spine. Although there is some
evidence to suggest that an strength regimen for
the neck flexor muscles reduces neck

18,40,41 h 18,41
1

pain, improves strengt and reduces
fatigue of the sternocleidomastoid and anterior
scalene muscles,® it does not appear to
improve the ability to maintain an upright
posture of the cervical and thoracic spine in a
sitting task.

Sitting posture and DCCF endurance is directly
related but no relationship was found between
sitting posture and strength of DCCF. Only INE
improved the strength of the cervical muscles
while DCCF training improved the endurance
of DCCF muscles and hence the sitting posture
as the DCCF have a predominantly stabilizing
role providing a holding mechanism to
maintain balance and stability for the head.

The maintenance of cervical and thoracic
postural angle with the craniocervical flexor
training during the 10-minute distraction task
reached statistical significance when compared
with the only INE regimen. The magnitude of
change in cervical and thoracic posture during
10min  computer  task following
craniocervical flexion training is similar to the
magnitude of difference observed in the
asymptomatic subjects in previous study.** %,

CONCLUSION

This study concluded that following
intervention with an exercise program targeted
at retraining the deep craniocervical flexor
muscles and isometric neck exercise, subjects
with chronic neck pain demonstrated improved
ability to maintain a neutral cervical and
thoracic posture during sitting compared with
only isometric neck exercise.
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