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ABSTRACT
Objectives: To compare the performance of cervical stabilizer muscles using the craniocervi-
cal flexion test (CCFT) among individuals with subacute, chronic, and asymptomatic low back
pain (LBP) conditions.
Methods: Individuals with subacute (N = 23) and chronic LBP (N = 23) with their age- and
gender-matched controls (N = 30) participated in this study. All recruited participants were
required to perform the CCFT. The activation score (AS) and the performance index (PI) were
recorded by an assessor who was blinded to the group of participants.
Results: Approximately, 74% of subacute LBP participants and 60–65% of chronic LBP
participants obtained abnormal AS and PI. AS was significantly lower in participants with
subacute (P = 0.0002) and chronic LBP (P = 0.0009) than the control group. Likewise, the PI
was significantly lower in participants with subacute (P = 0.0002) and chronic LBP (P = 0.0036)
than the control group. Participants in the subacute LBP group showed significantly greater
percentages of abnormal responses on the AS (P < 0.0001) and the PI (P = 0.0001) than the
control.
Discussion: Abnormal performance of cervical stabilizer muscles using the CCFT was demon-
strated in a high proportion of participants with LBP. The findings highlight the plausible
association in muscle control between cervical and lumbar stabilizers.
Level of Evidence: 2b.
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Introduction

Low back pain (LBP) is a common health problem that
proves an enormous financial burden for society [1–3].
Up to 80% of individuals experience at least one
episode of LBP in their lifetime [4]. Several impair-
ments have been reported in association with LBP
including poor performance of lumbar core stabilizer
muscles [5–8].

In the spine, core stabilizer muscles that commonly
lie closed to the spine are known to provide segmen-
tal stability and stiffen the spine during function [9].
For the lumbar spine, the core stabilizer muscles con-
sist of transversus abdominis, lumbar multifidus, dia-
phragm, and pelvic floor muscles [10,11]. For the
cervical spine, they consist of deep cervical flexor
muscles such as longus capitis and longus colli mus-
cles [12]. In pain conditions, the functions of these
muscles have been found to be impaired, decreasing
and/or delaying compared with healthy individuals.
During both expected and unexpected perturbations,
persons with chronic LBP demonstrated delayed
onset of the transversus abdominis and the deep
lumbar multifidus muscles [5,13,14]. Similarly, the
deep cervical flexor muscles also showed delayed
onset in patients with chronic neck pain [15] and
whiplash injury [16]. The reduced activation of the

deeper spinal muscles is commonly associated with
the increased activation of the superficial spinal mus-
cles in people with LBP [13,17] and neck pain [18,19].
These alterations in muscle activity of the spinal mus-
cles suggest changes in motor control of the
spine [20].

Two tests commonly used in research studies and
clinical settings for assessing the performance of cer-
vical and lumbar stabilizer muscles are the craniocer-
vical flexion test (CCFT) [12] and the abdominal
drawing-in maneuver (ADIM) [10], respectively. These
tests in previous studies have shown that the controls
demonstrated different levels of performance from
patients with neck pain [21,22] or LBP [23,24].

As the spine is a continuum of vertebral segments,
it is postulated that the pain in one area might bring
about pain in another area. This is evident by the
coexistence of neck pain and LBP [25,26] and
a significant positive correlation in degenerative
changes between the cervical and the lumbar spines
[27]. Individuals with comorbid LBP were also
reported to have increased risk of persistent neck
pain [28]. To date, there is only one study demonstrat-
ing that patients with chronic neck pain also had
abnormal performance of lumbar stabilizer muscles
on the ADIM even though they had no complaints
concerning LBP [29]. When these patients were
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followed for 2 years, it was revealed that those who
had abnormal ADIM were three times more likely to
develop persistent or recurrent LBP [29]. However,
there have been no studies assessing the possibility
of the abnormal performance of cervical stabilizer
muscles in persons with chronic LBP. It is also
unknown whether abnormal performance would be
present in a subacute LBP condition.

This study aimed to compare the performance of
cervical stabilizer muscles on the CCFT among indivi-
duals with subacute, chronic, and asymptomatic LBP
conditions. It was hypothesized that (1) individuals
with LBP would have impaired performance of cervi-
cal stabilizer muscles and (2) individuals with suba-
cute and chronic LBP would show lower performance
of cervical stabilizer muscles than the control.

Methods

Study design

A cross-sectional study design was used [30]. Ethical
approval for the study was granted by the Research
Ethics Review Committee for Research Involving
Human Research Participants, Health Sciences Group,
Chulalongkorn University (COA No.108/2016).

Participants

Individuals aged between 20 and 45 years with nor-
mal body mass index (18.5–22.9 kg/m2) were
recruited from the physical therapy clinic at the
Faculty of Allied Health Sciences and from flyers
posted at the university. The participants were classi-
fied into three groups including subacute LBP, chronic
LBP, and age- and gender-matched control groups
(±3 years). LBP was defined as pain in the region
below the 12th thoracic spinous process to the inferior
gluteal folds with or without lower extremity pain
[31,32]. Current pain intensity was rated at least 2 on
100-mm visual analog scale. Pain that had persisted
between 1 and 3 months was identified as a subacute
condition, while pain that had persisted for more than
3 months was identified as a chronic condition
[31,33]. All LBP participants had to have no pain or
discomfort in neck area that had lasted longer than
1 day within the last 2 years. The control group had to
have no pain or discomfort in all spinal areas that had
lasted longer than 1 day within the last 2 years. All
participants had to have no history of LBP that
required intervention or limited functional abilities
prior to participation in this study.

Participants were excluded if they had undergone
abdominal wall or spinal surgery; had a spinal defor-
mity such as scoliosis that had had a positive test
from Adam’s forward bend test; had a neurological
condition, fracture, cancer, or infectious disease of the

spine; and had participated in a training program for
neck or back stabilization. The participants were asked
whether they were familiarized with the protocols of
the CCFT or the ADIM. Those who were unable to lie
prone, unable to perform the CCFT and the ADIM due
to pain, and females currently menstruating or preg-
nant were also excluded. All participants who met the
selection criteria signed the consent form before par-
ticipating in the study. Twenty-three participants in
each group were required. This sample size was cal-
culated for detecting a 4 mmHg difference in the
CCFT between individuals with subacute and chronic
LBP and control with a standard deviation of
0.74 mmHg at 80% power and significance level of
0.05 [34].

Measures

Pain intensity
Participants with subacute and chronic LBP were
asked to rate their current pain level by indicating it
on a 100-mm visual analog scale. The anchor on the
left end represents ‘no pain’ while that on the right
represents ‘pain as bad as it can be’. This measure-
ment was found to provide moderate-to-excellent
test–retest reliability of pain measurement as reported
in a previous study (ICC = 0.71–0.94) [35].

Low back pain disability
Disability from LBP was estimated by the modified
Oswestry LBP disability questionnaire which contains
10 items that relate to the activities of daily life and
pain [36]. Each item is scored from 0 to 5, with higher
values representing greater disability. The maximum
sum score of 10 items is 50 and minimum is 0 [37].
The Thai version of the modified Oswestry LBP dis-
ability questionnaire showed excellent test–retest
reliability in the LBP group (ICC = 0.98) [38].

Performance of lumbar stabilizer muscles
The performance of lumbar stabilizer muscles was tested
with the ADIM and a pressure biofeedback unit (PBU)
(StabilizerTM, Chattanooga, Vista, CA) [10]. The PBU con-
sists of a three-chamber air-filled pressure bag,
a catheter, and a sphygmomanometer gauge. The accu-
racy was ±3 mmHg [39]. The participants were in
a prone position with the head laying comfortably and
relaxed. A deflated PBU was placed centrally beneath
the lower abdomen with the lower edge in line with the
anterior superior iliac spines before being inflated to
70 mmHg [10,40]. The participants were then asked to
slowly draw their abdomen off the PBU and hold steadily
for 10 s. During testing, a researcher palpated the thor-
acolumbar area so that any substitution strategies from
spinal or pelvic movements were not allowed [41,42].
The maximum pressure change that could be held stea-
dily for 10 s was recorded which was later converted to
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two categories: normal response (≥4 mmHg) and abnor-
mal response (<4 mmHg) [23,41,42].

Performance of cervical stabilizer muscles
The performance of the cervical stabilizer muscles was
examined with the CCFT. The participants were posi-
tioned in supine lying with both knees bent and the
cervical spine in a neutral position. The forehead and
chin were aligned horizontally to the plinth surface. The
PBU was placed behind the neck at the suboccipital
region before being inflated to the baseline pressure of
20 mmHg [12]. They were instructed to perform a slow
and controlled craniocervical flexion in a head nod action
by progressively increasing the pressure in 2 mmHg
increments from 20 to 30 mmHg and holding at each
increment for 10 s. A 30-s rest was allowed between the
successful increments. During testing, the contraction of
the superficial neck flexor muscles was palpated by an
assessor whose activity was kept to a minimum. A high
level of activity of these superficial muscles was found to
be an indicator of reduced deep cervical flexor activity.

Two data were recorded during the CCFT, i.e. the
activation score (AS) and performance index (PI)
[12,18]. The AS was defined as the highest pressure
level change the participants could achieve and main-
tain steadily for 10 s. The PI which reflects the iso-
metric endurance of the deep cervical flexor muscles
was calculated by multiplying the number of times
the participants could replicate the test at the AS. The
highest score of the PI was set at 100 (10 repetitions
at a 10 mmHg AS). Based on the previous studies in
people with and without neck pain, these data were
converted into a rating in which an abnormal
response for the AS and the PI were ≤4 mmHg
[16,43] and ≤20 scores [22,43], respectively.

Experimental procedure

Two physical therapists were involved in this study. One
was responsible for recruiting participants, while the
other was blinded to the assigned group and assessed
the participants with the CCFT and the ADIM. All parti-
cipants were required to complete two questionnaires:
visual analog scale and the modified Oswestry LBP dis-
ability questionnaire. Next, they were familiarized with
the testing protocol of the ADIM and the CCFT according
to the established protocols until they could perform the
tests. Then, they were tested first with the ADIM, fol-
lowed by the CCFT. The tests began after food consump-
tion for at least 30 min and with an empty bladder.

Statistical analysis

Data analysis was performed using the SPSS version 22.0
software (IBM, Chicago, IL, USA). The Shapiro–Wilk test
found that the data of age and body mass index were
normally distributed, while the AS and the PI were not

normally distributed. One-way ANOVA was performed
to examine whether there were significant differences
among the 3 groups of participants. To test whether
there were significant differences in the AS and the PI
among the three groups, separate Kruskal Wallis tests
were conducted. To identify which pairs were responsi-
ble for the statistical significance, the Mann–Whitney
U test with the Bonferroni correction to control for
Type I error was used as a post hoc analysis [30]. Chi-
square analysis was used to examine whether there was
a significant difference in the proportions of the partici-
pants whowere classified as being of normal and abnor-
mal performance on the AS and the PI among the three
groups. The significance level was set at P < 0.0500.

Results

Seventy-six participants (36 males and 40 females) took
part in this study. Each of the pain groups consisted of
23 participants, while there were 30 participants in the
age- and gender-matched control group. No significant
differences in age and body mass index were found
among the three groups of the participants (Table 1).
All LBP participants had mild level of disability as mea-
sured by the modified Oswestry LBP disability question-
naire. The majority of participants with LBP showed
abnormal response on the ADIM.

The AS and the PI of the three groups are presented
in Table 2. Kruskal Wallis tests showed significant differ-
ences in the AS (P = 0.0002) and the PI (P = 0.0004) of the
CCFT among the three groups. Post hoc analyses with
Mann–Whitney U tests revealed significantly lower AS
when comparing the control group to subacute LBP
(P = 0.0002) and chronic LBP groups (P = 0.0009). The
PIs of the subacute LBP (P = 0.0002) and chronic LBP
groups (P = 0.0036) were significantly lower than the
control group. No significant differences were found
between subacute and chronic LBP groups in the AS
(P = 0.8893) and the PI (P = 0.7243).

In comparison to the control (4/30), the proportions
of participants who showed abnormal response on the
AS were significantly greater in groups of subacute LBP
(17/23, P < 0.0001) and chronic LBP (15/23, P = 0.0001)
(Figure 1). Regarding the PI, a significantly greater
abnormal response was obtained from participants in
the subacute LBP (17/23, P = 0.0001) and chronic LBP
groups (14/23, P = 0.0023) than the control (6/30)
(Figure 2). There were no significant differences in the
proportions of participants with abnormal responses in
the AS (P = 0.5216) and the PI (P = 0.3454) between
subacute and chronic LBP groups.

Discussion

This study demonstrated that a high proportion of
people with LBP not only had abnormal performance
of core stabilizer muscles in the lumbar spine but also
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in the cervical spine. The highest proportion of parti-
cipants categorized as having abnormal response on
the CCFT was shown among participants with suba-
cute LBP followed by those with chronic LBP and
control.

On average, pressure changes on the ADIM in sub-
acute (1.6 ± 1.0 mmHg) and chronic (2.0 ± 1.4 mmHg)
LBP groups coincided with the values of previous stu-
dies in LBP patients [10,41]. As a result, approximately
91% of subacute LBP and 78% of chronic LBP partici-
pants in this study were categorized as having abnormal
response on the ADIM. These findings were found even
among participants with mild disability from LBP.

It is noteworthy that the AS for the subacute and
chronic LBP groups in this study was in the ranges for
chronic neck pain reported in the literature. These were
3.00 ± 1.30 mmHg for chronic whiplash [16] and
4.20 ± 1.90 mmHg for chronic cervicogenic headache
[43]. However, the PI for subacute and chronic LBP
groups in the current study was greater than the
10.6 ± 15.3 scores reported in patients with chronic
cervicogenic headaches [43]. Although these partici-
pants were free from neck pain at the time of the
study, the poor performance on the CCFT suggested
that they also had impaired motor control of the move-
ment of the cervical spine. Consequently with repeti-
tive motion, alterations in the path of normal joint
movement are likely to occur and may lead to pain
[44]. However, a further longitudinal study is needed to
prove whether poor performance on the AS or the PI
would be a predictor of the development of neck pain.

Approximately 75% of subacute LBP and 60% of
chronic LBP participants showed abnormal responses
on the CCFT which were shown via AS and PI being in
line with a previous study that examined abnormal
responses on the ADIM in chronic neck pain group
[29]. These findings suggest that abnormal perfor-
mance of neck stabilizer muscles could be found in

Table 1. Demographic data of subacute LBP, chronic LBP, and age- and gender-matched control groups.

Variables

Mean (SD)

P value
Subacute LBP group

(n = 23)
Chronic LBP group

(n = 23)
Control group

(n = 30)

Gender, n (%)
Male 11 (47.8) 12 (52.2) 13 (43.3)
Female 12 (52.2) 11 (47.8) 17 (56.7)

Age (years) 22.7 (3.3) 25.1 (5.4) 24.3 (5.0) 0.2358
Body mass index (kg/m2) 20.8 (1.5) 20.7 (1.3) 20.5 (1.3) 0.6670
Visual analog scale (mm) 47.3 (18.1) 52.4 (20.2) –
Duration of LBP (months) 1.5 (1.7) 21.3 (14.0) –
Modified Oswestry LBP disability questionnaire 4.3 (3.4) 6.4 (4.0) –
ADIM, pressure change (mmHg) (range) 1.6 (1.0)

(0–4)
2.0 (1.4)
(0–4)

4.3 (1.8)
(2–10)

ADIM, n (%)
Normal 2 (8.7) 5 (21.7) 26 (86.7)
Abnormal 21 (91.3) 18 (78.3) 4 (13.3)

Table 2. The activation score (mmHg) and the performance
index of subacute LBP, chronic LBP, and age- and gender-
matched control groups.

Groups
Subacute LBP

(n = 23)
Chronic LBP
(n = 23)

Control
(n = 30) P value

Activation score
(mmHg)

4.4 (2.3) 4.3 (2.7) 6.7 (2.1) 0.0002

Minimum 0 0 2
Maximum 10 10 10

Performance
index

17.0 (13.7) 21.7 (21.5) 37.5 (18.6) 0.0004

Minimum 0 0 4
Maximum 50 80 80

0%

20%

40%

60%

80%

100%

Subacute LBP Chronic LBP Control

Activation score

Abnormal Normal

Figure 1. Percentages of participants in subacute LBP, chronic LBP, and control who had abnormal and normal responses on the
activation score.
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subacute LBP and might continue to persist with time
as there were no significant differences in the AS and
the PI as well as the proportions of abnormal
responses on these parameters between subacute
and chronic LBP groups. To restore the performance
of the cervical core stabilizer muscles, an appropriate
rehabilitation protocol should be implemented [45].

The findings of the reduced performance of neck
stabilizer muscles on the CCFT in LBP participants
despite the participants having not had neck pain
for at least 2 years prior to the study is interesting.
The previous study also found a similar reduction in
the performance of back stabilizer muscles on the
ADIM in participants who had no LBP but did have
chronic neck pain [29]. The coexistence of impair-
ments in core stabilizer muscle performance in the
neck and the back regions suggests the widespread
effect of pain in the spine apart from the painful
region. These results highlight that the impact of
pain on muscle control is not limited to the anatomi-
cal area where pain is perceived. The mechanism that
causes this phenomenon is unclear.

One study proposed that it might be related to the
change in postural strategy in response to spinal pain
which might pose biomechanical demands in other
nonpainful spinal region [29]. In association with the
decrease in lumbar lordosis and an increased anterior
translation of the head which accompanied the
change in sitting posture, an increase in muscle activ-
ity of the superficial neck muscles was detected [46].
Although the study reported the activity of the super-
ficial neck muscles, alteration in the activity of the
deep cervical flexor muscles is likely to occur [18].
With correct sitting posture, deep cervical flexor mus-
cles were found to increase their activity [47,48].

The present study has some limitations. First, partici-
pants with LBP in this study had mild levels of back
disability so different proportions of abnormal response
of the CCFT might be possible if the participants had
moderate or severe disabilities. Second, this study was

a cross-sectional design which cannot establish cause
and effect regarding the abnormal response of the
ADIM and the CCFT. A prospective cohort study would
be required. Third, this study recruited participants who
had LBP but no neck pain within the previous 2 years.
A history of both neck and LBP prior to that was not
recorded and any preexistence of abnormal response of
the CCFT might be possible. However, the significant
differences in the noncategorized CCFT data between
the control and the LBP groups who had the same
2-year pain-free duration from neck pain might indicate
that the differences found are truly present.

Conclusion

These results suggest that abnormal performance on
the CCFT can be found in a high proportion of parti-
cipants with LBP with both subacute and chronic
conditions. Individuals with LBP not only had abnor-
mal performance of core stabilizer muscles in the
lumbar spine but also abnormal performance of core
stabilizer muscles in the cervical spine.
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