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ABSTRACT

Purpose: This study aimed to investigate weakness and strength
imbalances of the four principal neck muscle groups and their
association with pain intensity in adults with chronic neck pain.
Materials and Methods: This cross-sectional study enrolled 29
patients (22 men, 7 women; aged 20—70 years) with chronic neck pain
attending private physiotherapy clinics in Zawia, Libya. The strength of
the cervical and capital flexor and extensor groups was graded using
manual muscle testing (0-5 scale), and pain intensity was recorded on
a 10-point visual analogue scale (VAS). One-sample t-tests compared
each muscle group against the normal grade of 5, paired t-tests
examined imbalances between and within muscle chains, and Pearson
correlations related muscle strength to pain. The significance level was
set at p < 0.05.

Results: All four muscle groups were significantly weaker than grade
5 (p < 0.001). The capital flexors were the weakest group (mean 2.62
+ 0.49). Significant imbalances were found between cervical flexors
and capital flexors (p < 0.001), between capital flexors and capital
extensors (p < 0.001), and between the anterior and posterior muscle
chains (p < 0.001), whereas cervical flexors and extensors were equally
affected. Pain intensity correlated significantly with cervical flexor
strength (r = —0.455, p = 0.013), capital extensor strength (r = —0.406,
p = 0.029), and the anterior (r = —0.400, p = 0.031) and posterior (r =
-0.422, p = 0.022) chain strength.

Conclusion: Chronic neck pain is characterized by pronounced
weakness of all neck muscle groups, a selective deficit of the capital
flexors, and specific flexor—-extensor imbalances. Weaker muscle
groups track with higher pain intensity, supporting targeted
strengthening of the deep flexors in rehabilitation. (Open J Biomed Res
2026,5:147-154)
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INTRODUCTION

Neck pain is one of the most common

musculoskeletal complaints worldwide and a
leading contributor to years lived with disability.
The Global Burden of Disease Study estimated

Open J Biomed Res 2026;5:147-154.

that neck pain affected approximately 222
million people in 2017, with incident cases
approaching 47 milion annually.” Its
prevalence continues to rise in parallel with
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sedentary occupations and prolonged screen
exposure, and it imposes a substantial
economic  burden through health-care
utilization, absenteeism, and reduced
productivity.? For many patients the condition
becomes chronic and recurrent, considerably
diminishing quality of life.

The cervical musculature plays a central
role in maintaining segmental stability: the
deep flexors and extensors act as dynamic
ligaments, controlling the neutral zone of each
motion segment. It has been proposed that
weakness of these muscles, and imbalances
between synergistic and antagonistic groups,
predispose the cervical spine to abnormal
loading and may perpetuate pain.**
International guidelines therefore recommend
active exercise particularly motor control and
strengthening programs as a core component
of management.*®

Despite this evidence base, most studies
on cervical muscle weakness and imbalance
originate from Europe, North America, and
East Asia. Data from North Africa, and from
Libya in particular, remain scarce. The present
study was designed to quantify strength
deficits and imbalances of the four principal
neck muscle groups in Libyan patients with
chronic neck pain and to examine their
relationship with pain intensity.

A growing body of work has focused on the
deep cervical flexors the longus colli and
longus capitis whose impaired activation and
reduced endurance are consistently reported
in chronic neck pain. Tsiringakis et al.®
demonstrated, in a systematic review and
meta-analysis, that motor control training of the
deep neck flexors with pressure biofeedback
significantly improves pain and disability.
Similarly, Garzonio et al.” confirmed that
specific exercises targeting the deep cervical
muscles are superior to general exercise in
reducing pain in nonspecific neck pain. Mueller
et al.® extended this evidence by showing that
resistance, motor control, and mindfulness-
based exercises are all effective, with larger
effects for higher training frequencies.

Open J Biomed Res 2026;5:147-154.

Evidence from occupational populations
supports the clinical relevance of these
findings. Igbal et al.® showed that adding deep
cervical flexor training to conventional
exercises in school teachers produced
significantly greater improvements in pain,
endurance, and disability than conventional
exercise alone, highlighting the consequences
of sustained flexed postures.

Beyond isolated weakness, chronic neck
pain appears to involve altered motor behavior
more broadly. Rampazo et al.* documented
sensory, motor, and psychosocial differences
between patients with chronic neck pain and
asymptomatic controls, while Asiri et al.®
reported that kinesiophobia correlates with
pain, proprioception, and functional
performance, underscoring the multifactorial
nature of the condition.

Reliable measurement underpins all of this
research. The visual analogue scale has well-
established psychometric properties in neck
pain, with good-to-excellent test—retest
reliability and moderate association with
disability questionnaires.’® Manual muscle
testing remains the most accessible clinical
measure of strength, and together these
instruments allow the relationship between
strength, imbalance, and pain to be quantified
in routine practice.

Exercise remains the most consistently
supported conservative intervention for chronic
neck pain, yet the optimal type, dose, and
progression of training continue to be debated.
Price et al."" synthesized the available trial
evidence and concluded that programs of
sufficient duration and moderate frequency
produce meaningful reductions in pain and
disability, but that benefits attenuate when
programs are brief or poorly supervised.
Complementing this clinical evidence, Peng et
al.”? in a systematic review and meta-analysis
of muscle morphology, confirmed that the
longus colli is consistently smaller in patients
with chronic nonspecific neck pain than in
asymptomatic  individuals, providing a
structural correlate for the functional weakness
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observed at the bedside. Taken together, these
dose-response and morphologic data indicate
that the muscular deficit in chronic neck pain is
both measurable and, at least partly,
reversible.

Beyond conventional strengthening, a
range of adjunctive approaches has been
examined with the aim of enhancing
neuromuscular control and addressing
psychological barriers to movement. Akodu et
al.” showed that combining neck stabilization
exercises with Pilates reduced pain, sleep
disturbance, and kinesiophobia in patients with
non-specific chronic neck pain, suggesting that
targeting fear of movement may amplify the
benefits of exercise. In a similar vein, Osama™
reported that muscle energy techniques
produced measurable gains in isometric neck
muscle strength, indicating that manually
guided active techniques may serve as a
useful entry point for patients who cannot
initially tolerate resisted loading. Collectively,
these findings underscore the value of
assessing not only strength but also endurance,
posture, and psychosocial factors when
planning rehabilitation for this population.
Therefore, this study aimed to investigate
weakness and strength imbalances of the four
principal neck muscle groups and their
association with pain intensity in adults with
chronic neck pain.

MATERIALS AND METHODS
Study Design and Participants

This was a multi-center, cross-sectional,
observational study conducted between
December 2020 and January 2021 in the
physiotherapy departments of two private
clinics (Aldegaa Clinic and Almokhtar Clinic) in
Zawia City, Libya. Twenty-nine patients of both
sexes (22 men, 7 women), aged 20-70 years,
with chronic neck pain were recruited by
convenience sampling. Participants were
included if they reported persistent neck pain
and were under active physiotherapy care. The
study protocol, purpose, and procedures were
explained to each participant, written informed

Open J Biomed Res 2026;5:147-154.

consent was obtained, and confidentiality of
personal data was guaranteed. Participation
was voluntary and participants could withdraw
at any time without consequence.

Measurements

Manual muscle testing (MMT) of the four
neck muscle groups cervical flexors, capital
flexors, cervical extensors, and capital
extensors was performed using the standard 0—
5 grading scale: 0 = no contraction; 1 = trace
contraction; 2 = movement with gravity
eliminated; 3 = movement against gravity
through full range; 4 = movement against
gravity and resistance; 5 = normal power.
Capital flexion was tested in supine (chin tuck
without lifting the head), cervical flexion in
supine (head lift without chin tuck), and capital
and cervical extension in prone with the head
beyond the end of the table. Pain intensity was
measured with a 10-cm visual analogue scale
(VAS), where 0 indicated "no pain" and 10 "the
worst pain imaginable".

Statistical Analysis

Data were analyzed with SPSS. Descriptive
statistics (means, standard deviations, ranges)
summarized the sample. One-sample t-tests
compared the mean grade of each muscle
group against the reference value of 5; paired-
samples t-tests compared strength between
muscle groups and between the mean anterior
(flexor) and posterior (extensor) chains; and
Pearson correlation coefficients examined
associations between muscle strength and pain
intensity. Statistical significance was set at p <
0.05.

RESULTS

Twenty-nine patients completed the
assessment (22 men, 75.9%; 7 women,
24 1%). Mean pain intensity on the VAS was
6.28 + 2.03 (range 2-10), indicating moderate-
to-severe pain in the majority of participants.
The Descriptive statistics are showed in Table 1.
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Table 1: Descriptive statistics of neck muscle strength and pain intensity (n = 29).

Variable Minimum Maximum Mean SD

Cervical flexors (grade) 2.00 5.00 3.59 0.68

Capital flexors (grade) 2.00 3.00 2.62 0.49

Cervical extensors (grade) 2.00 5.00 3.59 0.63

Capital extensors (grade) 2.00 5.00 3.79 0.62

Pain intensity (VAS 0-10) 2.00 10.00 6.28 2.03
All four muscle groups were significantly capital flexors, whose mean grade of 2.62
weaker than the normal grade of 5 (all p < corresponded to less than 60% of normal

0.001) (Table 2). The deficit was largest for the strength (Fig 1).

Table 2: One-sample t-tests of muscle strength against the normal grade (test value = 5).

Muscle group Mean difference vs 5 t (df = 28) p

Cervical flexors -1.41 -11.16 < 0.001

Capital flexors -2.38 -25.95 < 0.001
Cervical extensors -1.41 -12.13 < 0.001
Capital extensors -1.21 -10.49 < 0.001
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Fig 1: Mean manual muscle testing grades (+SD) of the four neck muscle groups. The dashed line marks the
normal grade of 5.
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Paired comparisons revealed significant
imbalances (Table 3). Cervical flexors were
significantly stronger than capital flexors (p <
0.001), and capital extensors were significantly
stronger than capital flexors (p < 0.001). In
contrast, cervical flexors and cervical extensors

were equally weak (p = 1.000), and cervical
extensors did not differ significantly from
capital extensors (p = 0.083). The anterior
muscle chain (mean 3.10) was significantly
weaker than the posterior chain (mean 3.69; p
< 0.001).

Table 3: Paired t-tests examining strength imbalances between neck muscle groups.

Comparison Mean difference t (df = 28) p
Cervical flexors — Capital flexors 0.97 10.43 < 0.001
Cervical flexors — Cervical extensors 0.00 0.00 1.000
Capital flexors — Capital extensors -1.17 -13.49 < 0.001
Cervical extensors — Capital extensors -0.21 -1.80 0.083
Anterior chain — Posterior chain -0.59 -7.84 < 0.001

Pain intensity correlated significantly and
inversely with cervical flexor strength (r =
-0.455, p = 0.013) and capital extensor
strength (r = -0.406, p = 0.029) (Table 4).
Correlations with capital flexor (r = -0.248, p =
0.195) and cervical extensor (r = -0.327, p =
0.083) strength were inverse but non-
significant. Both the anterior chain (r = —-0.400,
p = 0.031) and the posterior chain (r = —-0.422,
p = 0.022) correlated inversely with pain, and
the two chains correlated strongly with each
other (r = 0.723, p < 0.001). All pairwise
correlations among the four muscle groups
were positive and significant (r = 0.420-0.719,
p < 0.05), indicating that weakness in one
group coexists with weakness in the others.

Table 4: Pearson correlations between muscle
strength and pain intensity (n = 29).

Variable r with pain P
Cervical flexors -0.455 0.013
Capital flexors -0.248 0.195

Cervical extensors -0.327 0.083
Capital extensors -0.406 0.029
Anterior muscle chain -0.400 0.031
Posterior muscle chain -0.422 0.022

Open J Biomed Res 2026;5:147-154.

DISCUSSION

The main finding of this study is that Libyan
patients with chronic neck pain present with
widespread, statistically significant weakness
of all four neck muscle groups, a selective and
pronounced deficit of the capital flexors, and
specific imbalances both within the flexor
compartment and between the anterior and
posterior chains. These findings are consistent
with the international literature documenting
impaired activation and endurance of the deep
cervical flexors in chronic neck pain®’® and
extend it to a North African population.

The capital flexors (the longus colli and
longus capitis, together with the rectus capitis
anterior) were the weakest group, averaging
only 2.62/5. This is clinically important because
these muscles provide fine segmental control
of the craniocervical junction; their failure shifts
postural demand to the superficial flexors,
alters head posture, and may perpetuate pain
the rationale for motor control retraining
programs that have proven effective in
randomized trials and meta-analyses.®® The
significant anterior—posterior imbalance (p <
0.001) further supports the hypothesis that
chronic neck pain involves a redistribution of

https://doi.org/10.26629/0jbr.2026.18  |151



https://doi.org/10.26629/ojbr.2026.18

https://www.digitopub.com/journals/ojbr

El Soltan et al.

muscular function rather than uniform weakness
alone.

The inverse correlations between pain
intensity and the strength of the cervical
flexors, capital extensors, and both muscle
chains suggest a dose-response element:
patients with weaker muscles reported more
pain. Although the cross-sectional design
precludes causal inference, the direction of
association is compatible with the evidence
that strengthening reduces pain.® The non-
significant correlation for the capital flexors,
despite their greatest weakness, may reflect
the coarse ordinal nature of MMT, which
saturates at the lower end of the scale and may
not discriminate well among severely weak
patients.

The pattern of weakness observed in our
patients  aligns closely with  recent
morphometric evidence. The selective atrophy
of the deep cervical flexors documented by
Peng et al.’? mirrors the disproportionate
capital flexor deficit identified in the present
study, reinforcing the view that the deep flexor
compartment is a primary site of pathology in
chronic neck pain. Our results are also
consistent with the broader treatment
literature: Kong et al."® reported that traditional
Chinese mind-body exercises reduce pain and
disability in middle-aged and older adults with
neck pain, while Khan et al."® demonstrated
that post-isometric relaxation and myofascial
release techniques improve pain, functional
disability, and quality of life. Similarly, Buttagat
et al."” found Thai massage and muscle energy
technique to be comparably effective for
chronic neck pain. The convergence of such
diverse approaches on pain reduction
suggests that several mechanisms mechanical
loading, neuromodulation, and reduced
muscle guarding may operate simultaneously,
and that no single modality holds a monopoly
on effectiveness.

From a clinical standpoint, these results
argue for incorporating routine strength
assessment into physiotherapy practice in
settings such as Libya, where access to

Open J Biomed Res 2026;5:147-154.

advanced instrumentation like dynamometry or
ultrasonography is limited. Although manual
muscle testing is ordinal and examiner-
dependent, it is inexpensive, portable, and was
clearly sensitive enough to detect the
pronounced deficits observed here; its
reliability could be further improved through
standardized training and adjunctive measures
such as the craniocervical flexion test.
Therapeutic strategies that combine active
techniques with postural re-education appear
particularly relevant: Joshi and Poojary'®
showed that adding posture correction
exercises to muscle energy techniques
improved pain and function in patients with
chronic neck pain and forward head posture, a
finding directly pertinent to the capital flexor
weakness we describe. Likewise, structured
back-school programs that embed postural
education into exercise have produced
sustained benefits in adults with non-specific
neck pain." Future work in this region should
adopt prospective designs with asymptomatic
controls, larger and sex-balanced samples,
and objective strength measures to clarify
causal pathways and to define the minimum
effective dose of deep flexor training. Finally, a
recent network meta-analysis comparing
multiple exercise therapies for chronic
nonspecific neck pain concluded that no single
modality is clearly superior for improving
function, reinforcing the case for individualized
program selection based on each patient's
specific  strength  deficits and clinical
presentation.?®

This study has limitations. The sample was
small (n = 29) and predominantly male, limiting
generalizability; a convenience sample from
two private clinics in a single city may not
represent the broader Libyan population. MMT
is an ordinal, examiner-dependent measure
with  limited sensitivity compared with
dynamometry or electromyography. No
asymptomatic control group was included, so
the comparison against grade 5 relies on the
conventional reference rather than matched
healthy participants. Finally, the cross-
sectional design cannot establish whether
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weakness causes pain, pain-driven disuse
causes weakness, or both reinforce each
other.

CONCLUSION

Patients with chronic neck within this study
exhibited significant weakness of all neck
muscle groups, a selective deficit of the capital
flexors, and clinically relevant flexor—extensor
and anterior—posterior imbalances. Weaker
muscle groups are associated with higher pain
intensity. These results support routine
assessment of cervical muscle strength in
clinical practice and justify targeted
strengthening particularly of the deep capital
flexors as part of rehabilitation programs for
chronic neck pain in this population.
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