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Purpose: To ascertain the relationship between cervical curvature, neck muscle
activity and neck disability in patients with chronic nonspecific neck pain (CNNP).

Methods: Ninety participants (mean age = 27.2, female/male ratio = 7/2) with
CNNP volunteered. The Neck Disability Index was used to assess neck disability.
To indicate the electromyographic characteristics of the axioscapular muscles,
the root mean squares and median frequencies of upper trapezius and levator
scapula were used. Cervical curvature was measured with a flexible ruler.

Results: Disability of the neck was significantly correlated with curvature
(r = −0.599, p < 0.001), upper trapezius root mean square (RMS) (r = 0.694,
p < 0.001) and levator RMS (r = 0.429, p < 0.05). Multiple regression analysis
produced a significant predictive equation that could predict disability: 33.224−
0.515 × Curvature + 0.156 × Levator RMS − 0.059 × Upper trapezius median
frequency + 0.636 × upper trapezius RMS + 0.020 × levator median frequency,
with R2 = 0.622.

Conclusion: Cervical curvature as well as different axioscapular muscle activity
were found to be related to level of disability. These findings have implications for
clinical management of CNNP.
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1 Introduction

One common musculoskeletal condition that affects a large
portion of the population is neck pain, which has a major
negative impact on people’s quality of life and overall health.
According to Cote et al. (2008), prevalence rates are predicted to
be between 30% and 50%. Neck pain is a common issue that needs
in-depth evaluation and research. While many cases of neck pain are
brief and self-limiting, other people suffer from incapacitating,
persistent symptoms that significantly affect their everyday
activities, posture, and general quality of life (Elabd et al., 2020).

Self-reported disability is a vital component of patient assessment.
Measuring the impairment and function associated with neck pain is
necessary to evaluate patient outcomes both before and after
treatment and to give other stakeholders important information
(Howell, 2011). The Neck Disability Index is the most popular
form of assessment for neck disability (NDI). Its reliability and
validity have been proven (En et al., 2009; Dunleavy et al., 2010;
Young et al., 2019). Worldwide, its use is widespread because it has
been cross-culturally modified, and the psychometric qualities of its
many language translations are similar to those of the original form
(Bakhtadze et al., 2015; Lim et al., 2020; Swanenburg et al., 2014).

Understanding all the variables that lead to neck disability and
obstruct successful interventions is essential for managing CNNP
and related disabilities. Previously, intensity of pain has repeatedly
been related to the level of neck disability. However, the recent
literature indicates that a variety of physical, psychological, and
individual-level factors may influence the likelihood of acquiring
neck disability, despite the fact that the exact cause of CNNP and its
associated disabilities is not well understood (Kim et al., 2018).

Regarding physical andmusculoskeletal factors, a systematic review
by Jun et al. (2017) highlighted the need for further research assessing
risk variables and their potential to help sufferers avoid or manage neck
pain. It has been suggested that one problem is that of neglecting the
important role that dysfunction plays and instead concentrating on
pathoanatomy as an etiological element of neck pain (Ting et al., 2015).
According to Murphy’s theory, pathoanatomy and dysfunction
frequently combine to cause clinical symptoms (Murphy, 2000).

Regarding biomechanical dysfunction, the assessment of
axioscapular muscle electromyography and cervical sagittal
curvature may be important elements. Adopting sustained
unbalanced spinal postures with increased neck-shoulder
stabilizer activation may be one of the predisposing factors for
CNNP (Caneiro et al., 2010). CNNP patients frequently adopt a
forward head posture where the cervical spine is moved forward and
upward, away from the midline of the body. The bending moment of
the head increases pressure applied to the cervical extensors.
Further, the cervical extensors become fatigued from
continuously maintaining this extended position needed to adjust
eye level (Kim and Kim, 2016; Silva et al., 2009).

Previous research has suggested alterations in the
electromyographic (EMG) characteristics of the axioscapular
muscles in CNNP patients (Zakharova-Luneva et al., 2012).
Thus, alterations in axioscapular muscle electromyographic
(EMG) characteristics in patients have been considered for the
management of CNNP (Elabd et al., 2017). Myofascial trigger
points or aberrant cervical spine loading may result from altered
axioscapular muscle functioning, which can aggravate neck pain

(Sun et al., 2014; Zakharova-Luneva et al., 2012). Further, the
repaeting cycle of musculoskeletal dysfunction, or pain-spasm-
pain, may be partially explained by the magnitude of the
myoelectric signal. Furthermore, a drop in the median frequency
of the EMG during task performance may be a sign of muscle fiber
exhaustion (Elabd et al., 2017).

Despite the important role of axioscapular muscle
electromyography and cervical posture as outcome variables in
the management of CNNP, there is little available evidence that
highlights their association to the commonly used Neck Disability
Index. The need to pinpoint important prognostic factors that can
direct clinical judgment and intervention tactics emphasizes the
importance of the mission to enhance outcomes for those with
persistent, nonspecific neck pain (Weigl et al., 2021). These
characteristics allow for the customization of focused treatments
that lessen or prevent neck disability in addition to helping to
forecast how neck pain will progress.

The goal of this study is to close this research gap by examining
the association between Neck Disability Index score, cervical sagittal
curvature, and axioscapular muscle electromyography. Both upper
trapezius and levator scapula were selected for EMG analysis in this
study because they are superficially located, and thus are suitable for
EMG study using surface electrodes. For analysis, root mean squares
were used to assess muscular activity and median frequencies were
used to indicate muscular fatigue. The authors suggest that this study
could help to better equip doctors create focused interventions that can
lessen or avoid neck impairment in patients with cervical discomfort.

2 Materials and methods

2.1 Study design

A cross-sectional correlational study was conducted, in
compliance with the 1964 Helsinki Affirmation and its
subsequent amendments, to investigate the relationships between
cervical disability, cervical curvature, and electromyographic (EMG)
features (muscle activity and fatigue levels) of the axioscapular
muscles (levator scapula and upper trapezius). The Research
Ethics Committee of the Faculty of Physical Therapy approved
the study at Banha University (PT.BU.EC.7), and it was also filed in
the clinical trial registry with the number NCT06301217. Prior to
being enrolled in the study, each volunteer provided their written
agreement for participation, which was voluntary.

2.2 Participants

Individuals with persistent neck pain in the 20–40 years age
range were the study’s target population. This range of ages was
selected to avoid the anticipated effects of degenerative changes that
may occur in the older age. Their diagnosis of chronic neck pain was
provided by an orthopaedic surgeon. Respondents to the open
invitation completed the first survey. Neck pain has been defined
as pain anywhere along the superior nuchal line to the first thoracic
spinous process in the posterior part of the cervical spine that had no
specific pathology and may or may not radiate to the upper limbs,
head, or trunk.
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With over a decade of experience in physiotherapy, the primary
author performed standardized physical tests and assessed eligibility
requirements. Ninety patients who fulfilled the requirements for
eligibility and provided written consent participated in the trial after
being specifically told about its risks and procedures. The participant
flowchart is displayed in Figure 1.

The eligibility criteria were having mild neck sickness, as
indicated by a neck disability index (NDI) score of 15 or higher,
and chronic neck discomfort with symptoms that had persisted for
at least 3 months (Vernon, 2008). Excluded conditions included
cervical spine congenital disorders, disc prolapse, contracture, or
surgery; pathologies affecting the cervical spine, such as systemic
inflammatory diseases and skin conditions; and visual or auditory
problems. Neck pain that was currently being treated medically or
through physical therapy was also excluded.

2.3 Outcome measures

Prior to the study, anti-inflammatory drugs were to be avoided for
72 h. While the participants completed the self-report questionnaires,
an examiner who was not informed of the patient’s allocation
collected outcome measures, demographic, and clinical data.

2.3.1 Functional neck disability
Neck disability was measured using the Neck Disability Index

(NDI), a 10-item questionnaire. Every participant marked an answer
to each question, which ranged from 0 (no disability) to 5 (total
disability). After adding up all of the marks and dividing by 50—or
45 if one component was missing—the final score was determined.
The validity and reliability of the NDI have already been determined
(En et al., 2009; Dunleavy et al., 2010; Swanenburg et al., 2014).

2.3.2 Cervical spine curvature
A flexible ruler (Ati, FC-700R, Taiwan) was employed to

determine the cervical spine’s curvature. The ruler is reasonably
priced, portable, easy to use, valid, and reliable (Rheault et al., 1989).
The patient sat in a chair with his or her feet flat on the floor, with
their elbows resting on the armrest directly below the acromion. The
patient’s upright cervical spine, between the occiput and the seventh

FIGURE 1
Patient recruitment flowchart.

FIGURE 2
Cervical curvemeasurement with a flexible ruler. (A) The distance
measured between the cervical curve’s two endpoints; (B) The length
of the perpendicular connecting line a’s midpoint to the curve (Elabd
et al., 2017).
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cervical spinous process, was carefully compressed with a flexible
ruler to determine the angle. The shape of the flexible ruler
(Spinocurve) was traced on a white paper with the endpoints
marked. The mathematical equation Angle (Q) = arc tan (2b/a)
was applied, as seen in Figure 2 (Elabd et al., 2017).

2.3.3 Electromyographic characteristics
The normalized root mean square (RMS) and median frequency

(Elabd et al., 2020) of the upper trapezius and levator scapula were
measured using the MyoSystem™ 1400A (Noraxon Inc., 15,770 N.
Greenway-Hayden Loop, Suite 100, Scottsdale, United States; E-mail:
info@noraxon.com). In order to lower skin impedance, the electrode
placement locations had been shaved, and the skin had been cleansed
with cotton and alcohol. The patient’s dominant side received two
active electrode channels (Elabd et al., 2020). The electrodes were
positioned as follows; (A) laterally 2 cm to the midpoint of a line for
the upper trapezius between the spinous process of C7 and the
posterolateral acromion; B) laterally to the spinous process of C3,
4 between the levator scapula and the upper trapezius; and C) over the
C7 spinous process for the reference electrode (McLean, 2005).

Raw EMG signals were amplified and captured with a range of ±
2.5 V. The amplification parameters were as follows; (A)
bandwidth = 20–450 Hz; (B) common mode rejection ratio >80 dB
at 60 Hz; and (C) input impedance = 10 GΩ. EMG signal systematic
bias was eliminated, and they were full-wave corrected before being
filtered. Then, Maximum voluntary isometric contractions (MVIC)
were used to normalize them. To measure the MVIC, two methods
were used: (A) isometric shoulder abduction, where the arm was
abducted to 90° and the rotation was neutral for the upper
trapezius; and (B) static shoulder elevation, where the shoulder was
raised against manual resistance while the levator scapula was
maintained in its lateral rotation to the same side. With a 30-s
break in between each repetition, every contraction was made three
times against manual resistance, held for 7 s each time (McLean, 2005).

After the MVIC evaluation, participants were given the task of
writing for 15 min, imposing a semi-static load, since it is the most
typical daily work which exacerbates their symptoms. In order to
prevent any negative effects on muscle activity during the
evaluation, standardised head, neck, shoulder, and spine positions
were created by sitting with the back fully supported, feet flat on the
floor, and hips and knees flexed to 90° (Szeto et al., 2009). Finally, the
raw EMG signals were used to calculate the MDF, with the following
calculation for normalized RMS: Writing task EMG amplitude
divided by the average of the three MVIC trials yields normalised
RMS, which is expressed as a percentage (%) (Nicoletti et al., 2014).

2.4 Statistical analysis

Version 25 of SPSS was employed to analyze the data.
After the critical EMG values were identified, a data collection

form was used to collect data from each subject. As no missing
values were found, no imputation technique was used. After that, to
decrease the influence of extreme values, the data were adjusted and
examined for outliers. In refining, extreme values are swapped out
for values that lie within a specific original distribution percentile.
All of the study’s variables were rescaled to convert values that were
above the 95th percentile to the 95th percentile value.

The NDI and each variable were correlated using Pearson’s
correlation coefficient, and stepwise multiple regression analysis was
used to determine the factors influencing NDI. The data were
described using the mean and standard deviation.

3 Results

Ninety patients (20 males and 70 females) met the eligibility
criteria and participated in the study. All of them completed the study
and their results were analysed. The length of their pain duration was
5.2 ± 1.5 months and the pain intensity that participants were
experiencing was 4.2 ± 0.87 points on the numeric pain rating
scale. The descriptives of the sample regarding demographics and
NDI were presented in Table 1, while descriptive and correlational
statistics for musculoskeletal variables in relation to NDI were
presented in Table 2. As a result of the regression analysis, the
following equation could be generated:

NDI = 33.224−0.515 × Curve + 0.156 × LV_NOR_RMS−0.059 ×
UT_MDF + 0.636 × UT_NOR_RMS + 0.020 × LV_MDF.

This model had an Adjusted R Square 0.622.

4 Discussion

Our results suggest that upper trapezius root mean square is a
strong predictor of neck disability (Caneiro et al., 2010). This may be
explained as high root mean square (RMS) values in electromyography
(EMG) studies of the upper trapezius muscle indicate elevated muscle
activation, which can lead to muscle strain and fatigue. This may
contribute to neck pain and disability by impairingmuscle function and
increasing the risk of musculoskeletal disorders (Patselas et al., 2021).
Also, the upper trapezius is critical for maintaining neck and shoulder

TABLE 1 Descriptives of the sample regarding demographics and NDI.

Mean SD

Age 27.2 3.9

Weight 74.3 9.5

Height 1.6 0.1

BMI 28.0 3.3

NDI 23.0 9.0

SD, standard deviation.

TABLE 2 Descriptive statistics and correlational statistics showing
relationship to NDI.

Mean SD Correl (CI) Sig

Curvature 28.04 7.04 −0.599 (−0.717–−0.447) <0.001

LV_NOR_RMS 12.13 10.16 0.429 (0.244–0.585) 0.025

UT_MDF 68.65 18.88 −0.489 (−0.632–−0.314) 0.17

UT_NOR_RMS 7.92 5.79 0.694 (0.568–0.788) <0.001

LV_MDF 65.44 15.58 −0.441 (−0.594–−0.257) 0.695

CI, confidence interval; Correl, correlation with NDI; SD, standard deviation; MDF, median

frequency; RMS, root mean square.
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posture. Excessive activation, as indicated by high RMS, may reflect
poor ergonomic practices or prolonged postural stress, leading to neck
pain and disability (Torad et al., 2024; Wolff et al., 2022). In addition,
elevated trapezius muscle activity can lead to nerve entrapment and
reduced blood flowwithin the muscle, causing pain and contributing to
disability through mechanisms of ischemia and sensitization of pain
receptors (Urits et al., 2020).

Our results suggest that cervical curvature is strongly associated
with neck disability (Caneiro et al., 2010). This could be explained
because an abnormal cervical curve (e.g., hyperlordosis) can increase
biomechanical stress on the cervical spine, leading to degenerative
changes, pain, and disability by altering the distribution of forces
across the cervical vertebrae (Le Huec et al., 2019). Further, changes
in the cervical curve can lead to neural compression, affecting nerve
root function and contributing to symptoms of pain, numbness, and
weakness, which are markers of neck disability (Winger, 2022).
Another explanation is that an altered cervical curvature can result
in muscle tension and imbalance, with certain muscles becoming
overactivated to compensate for the abnormal curvature, leading to
fatigue, pain, and functional limitations (Treff, 2014).

Our results suggest that levator scapulae rootmean square (RMS) is
less strongly associated with neck disability (0.025) compared to the
upper trapezius RMS, which can be readily physiologically justified. The
upper trapezius muscle plays a more direct role in supporting the neck
and head due to its larger size and strategic location. It is often more
involved in postural support and stabilization, making its activity levels
more closely related to neck strain and discomfort. In contrast, the
levator scapulae, while important for neck and shouldermovement, has
amore specialized role that may not directly correlate with general neck
disability to the same extent (Baghi et al., 2017).

The biomechanical stress across the cervical region may be more
significantly influenced by the upper trapezius due to its extensive
attachments and role in load distribution. High RMS values in the
upper trapezius could indicate excessive stress and potential for
injury, which directly impacts neck health. The levator scapulae,
having a more localized function, might not exhibit the same level of
predictive value for overall neck disability (Hemant et al., 2013).

Variations in posture and ergonomic factors may have a more
pronounced impact on the upper trapezius muscle due to its
involvement in a wide range of movements and postural
maintenance. The levator scapulae’s contribution to neck disability
might be more specific to certain movements or positions, making its
RMS a less strong overall predictor of neck disability (Varol et al., 2024).
Upper trapezius and levator median frequencies are poorly associated
with neck disability (0.17, 0.695) and this result may be due to themedian
frequency in EMG signals often being used to assess muscle fatigue.
However, poor correlation with neck disability may indicate that these
frequencies do not capture the specific aspects of muscle function or
dysfunction thatmay lead to disability (Phinyomark et al., 2012). Another
prospective account is that there is significant individual variability in
median frequencies due to factors like muscle fiber composition and
physical condition, making it a relatively poor universal predictor of
neck disability (Baguet et al., 2011). Finally, individuals may develop
compensatory mechanisms that alter median frequency values in a
way that does not directly correlate with disability levels, such as by
changing their posture or utilizing other muscle groups to reduce
strain on the neck (Meisingset et al., 2016).

Based on the results of the current study, workplace and lifestyle
modifications should be prioritized to reduce prolonged muscle
strain, especially in the upper trapezius. Ergonomic assessments can
help identify risk factors contributing to increased muscle activity
and subsequent neck disability. Furthermore, rehabilitation
programs should include exercises aimed at reducing muscle
tension and improving posture. Strengthening and stretching
exercises for the upper trapezius and levator scapulae, along with
exercises promoting overall cervical spine health, could be beneficial.

Future research should focus on longitudinal studies, so as to
better understand the causal relationships between muscle activity
and neck disability. This approach may help in identifying early
predictors of neck pain and disability, facilitating preventative
strategies. In addition, there is a need for randomized controlled
trials evaluating the effectiveness of specific interventions targeting
muscle activity, such as biofeedback, ergonomic adjustments, and
therapeutic exercises, in reducing neck disability.

4.1 Limitations

Despite its strengths, the study has some limitations that should
be taken into account; (A) the small sample size could make it harder
to extrapolate our results to a larger population; (B) the study
focused specifically on a particular population of patients with
cervical pain, and it remains uncertain whether these models
would yield similar performance in other populations with
different pain types or disabilities; and (C) the study examined
only a limited set of contributors and there may be additional factors
not included in our analysis that could also be important in
predicting disability among these patients.

4.2 Conclusion

To variable degrees, cervical curvature and the activity of the
axioscapular muscles were associated to neck disability. However,
the median frequencies of these muscles appear to be poor
predictors of neck disability, indicating the complexity of factors
that contribute to neck health. This study highlights the multifaceted
nature of neck disability and the need for comprehensive assessment
strategies in clinical practice.
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