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Abstract

:

Background: Neck pain (NP) is a frequent condition in women, characterized by exhibiting distinct clinical manifestations such as the presence of deep neck (DN) muscle weakness. Endurance and ultrasonography of the DN muscles, and patient-reported outcome measures, are commonly used outcomes in clinical practice. The aim of this study is to assess and correlate the endurance of the DN muscles and their morphological characteristics with pain intensity, neck disability and headache impact. Methods: An observational and correlational study was carried out. Eighty-two women were recruited, and endurance tests of neck flexor and extensor (chin tuck flexion test and neck extensor muscles endurance test), ultrasonography of the DN muscles, pain intensity, disability (neck disability index) and headache impact (HIT-6) were measured. Spearman’s rho was used to evaluate the correlation between the outcome variables, and a simple linear regression analysis was carried out to explain the model in detail. Results: Statistically significant negative correlations between the chin tuck neck flexion test and neck disability index (NDI) (r = −0.38; p < 0.001) and HIT-6 (r = −0.26; p = 0.02) were found. The neck extensor muscles endurance test showed a negative correlation with NDI (r = −0.27; p = 0.01) and HIT-6 (r = −0.26; p = 0.02). The simple linear regression analysis showed an R squared of 26.7% and was statistically significant (NDI: R squared = 0.267; F = 3.13; p = 0.004) for NDI. Conclusion: A negative correlation between deep neck muscle endurance test results and self-reported outcome measures in women with low cervical disability and neck pain were observed. This suggests that lower endurance in the deep neck muscles may be associated with poorer self-reported symptoms and functionality in these patients. The chin tuck neck flexion test and deep extensor muscles endurance test could predict self-perceived neck disability in women with low cervical disability and NP.
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1. Introduction


The number of consultations in rehabilitation settings for chronic musculoskeletal disorders is rising [1]. According to the World Health Organization (WHO), the population over 60 years of age is expected to triple by 2050, from 600 million to 2 billion [2]. As a result, common chronic musculoskeletal conditions such as neck pain are likely to affect a growing number of people, causing pain, disability, and physical function limitations for longer periods of their lifetimes [2].



Neck pain is a frequent cause for seeking healthcare attention, with individuals often seeking medical help in primary care, neurology, neurosurgery and physiotherapy settings [3,4]. The global prevalence of neck pain is estimated at 2696 cases per 100,000 population, with an incidence of 579 individuals per 100,000 population. Unfortunately, neck pain frequently becomes a chronic condition, leading to prolonged disability. Approximately 267.4 individuals per 100,000 population live with neck disability, suggesting that about 50% of those experiencing neck pain are at risk of developing chronicity and disability related to this issue [5].



In Spain, the prevalence of neck pain was estimated to be 4200 and 4500 cases per 1000,000 population, with an incidence of 800–850 cases per 100,000 population [6]. The prevalence of neck pain is higher in women than in men [7]. Additionally, the occurrence of neck pain tends to increase with age, reaching a peak between the ages of 30 and 45 [8]. Moreover, women tend to experience a greater number of years lived with disability attributed to neck pain when compared to men [5].



Neck pain is clinically characterized as the sensation of discomfort or tenderness localized between the upper nuchal line and the spinous process of the first thoracic vertebra [9]. Furthermore, this discomfort may manifest as pain radiating to adjacent regions, encompassing the head, trunk, and upper extremities [9]. Many times, patients experience mild neck disability with recurrent episodes [10]. The term “low neck disability” is used to describe a condition where individuals face limitations or restrictions in their physical activities due to neck pain, but it is not severe enough to completely impede their ability to perform daily tasks [11,12]. However, despite the recurrent nature of these episodes and their tendency to persist over time, which could precede chronic pain, patients often refrain from seeking healthcare due to the perceived non-seriousness of the pain [13].



Patients with low neck disability usually have multifactorial clinical conditions. These include mild neck pain, weak neck muscles, limited neck movement, and self-reported disability, typically scoring between 5 and 14 on the Neck Disability Index (NDI) questionnaire [14,15,16,17]. The alteration of the activity of the masticatory musculature [18] and the presence of vision alterations are other common characteristics that some patients describe, as well [19]. Many neck disorders, such as chronic neck pain, cervicogenic headache, and cervicogenic dizziness, are also associated with muscle weakness [14]. Muscle weakness is considered one of the primary risk factors for neck pain and has been linked to the onset and persistence of pain [20,21,22,23].



In patients with neck pain, there is reduced endurance in the neck flexor and extensor muscles and increased tone in superficial muscles [24,25]. Prolonged reduction in neck muscle endurance may lead to a decrease in the cross-sectional area (CSA) of these muscles [26]. Several studies have found reduced CSA in muscles such as multifidus, semispinalis, and longus coli in individuals with chronic neck pain [17,27,28]. In the early stages of neck pain, patients may experience slight disruptions in their daily activities [29,30]. Zabihhosseinian et al. [31] found that individuals with low neck pain experienced challenges while raising their shoulder due to fatigue in the neck muscles compared with healthy subjects. Similarly, patients with low neck pain have been observed to show weakness in the deep neck (DN) flexor muscles. These muscles have showed myoelectric fatigue with less workload when compared to healthy subjects [32].



Muscle properties such as the strength and CSA of the DN muscles are commonly measured in clinical practice [33]. The endurance of neck flexor and extensor muscles is assessed using clinical tests such as the chin tuck neck flexion test and neck extensor endurance test [34]. Muscle CSA is typically measured using ultrasonography. A study on chronic neck pain found a negative correlation (r = −0.39, p = 0.03) between the size of the extensor muscles and the neck disability index [17]. However, it is still unclear which muscle property presents a higher relationship with self-perceived outcomes, such as neck pain, neck disability and headache life impact, in order to prioritize it in clinical practice, particularly in patients with low cervical disability and low levels of pain, who often do not seek treatment and where we must focus on prevention so that this problem does not become chronic. Given the increasing number of patients with neck pain [2], focusing on prevention becomes increasingly important. In neck pain, the DN muscles present a reduced functional capacity, with a decrease in endurance and a decrease in CSA [17,28]. To the best of our knowledge, no study has investigated which muscle property presents the higher correlation to the main symptoms of patients with neck pain. Therefore, the aim of this study was to assess the correlation between neck muscle endurance and DN muscle CSA with pain intensity, neck disability and headache impact.




2. Materials and Methods


2.1. Design


A cross-sectional study was conducted. The patients recruited for the study were subjects with subclinical neck pain. The neck muscle strength, the CSA, the self-perceived neck disability and the headache impact were assessed to carry out the study and Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) was followed. The study has been approved by the Research Ethics Committee of the Autonomous Community of Aragon CEICA: PI21/357.




2.2. Subjects


Recruitment was carried out during September and November 2022 in Zaragoza, Spain. Finally, eighty-two women were included, with low cervical disability and neck pain. The selection criteria were:



The inclusion criteria were being over 18 years, the intensity of neck pain being <30 mm measured through the visual analogue scale (VAS), and the patient having a low cervical disability, with an NDI score between 5 and 14 points.



Subjects were excluded from the study if they had a prior history of head or neck trauma suggestive of potential red flags, including possible fractures, if they had experienced an infection in any area proximate to the face, head, or neck, if they had a known presence of tumors or were currently undergoing treatment for such conditions, if they exhibited neurological or cognitive impairments, or if they had received any form of treatment within the preceding month, be it pharmacological or physiotherapeutic [35,36].




2.3. Procedure


During the evaluation demographic data, VAS, NDI, and the headache impact test (HIT-6) were collected. The assessment of the morphological characteristics and the endurance of neck muscles were registered by two physiotherapist evaluators, both with more than ten years of experience. The assessment was carried out in a health consultation where the light was regulated, and the temperature was maintained at 20 °C. A 5 min break was allowed between the assessment of endurance and the morphological characteristics of DN flexor and extensor muscles.



2.3.1. Self-Registered Outcomes


The patients were asked about the neck pain intensity, the self-perceived neck disability and the impact of headache, and these outcomes were registered with VAS, NDI and HIT-6.



The intensity of pain was registered using a 10 cm VAS line, in which 0 was considered “no pain” and 10 was considered “worst pain imaginable”. VAS has been shown to be valid and reliable to assess pain intensity in patients with neck pain, with excellent test–retest reliability values (intraclass correlation coefficient (ICC) = 0.94 [37,38,39,40].



Neck disability was assessed with NDI. This questionnaire consists of 10 items about pain, personal care, lifting, reading, headache, concentration, work, driving, sleeping, and recreation, and the total score ranges from 0 to 50. Higher scores indicate greater disability [41,42,43]. The NDI shows psychometric properties and excellent test–retest reliability values: ICC = 0.97 [44].



The impact of the headache was assessed with the short-form HIT-6. This questionnaire consists of 6 items about pain, social participation, general activity, vitality, intellectual activity, and biological suffering, and the total score ranges from 36 to 78. Higher scores indicate greater impact [45]. The internal consistency of HIT-6 was good (Cronbach’s alpha 0.89) and the test–retest reliability was excellent: ICC = 0.78 to 0.90 [46].




2.3.2. Muscle Endurance Test


The chin tuck neck flexion test was intended to determine the endurance of the neck flexor muscles [47]. The patient rested in a supine position and was asked to tuck the chin in while slightly flexing the neck and lifting the head approximately 2.5 cm from the table. The test ended if the patient felt pain or if the patient lost flexion of the upper cervical spine. The time that the patient could maintain the correct position without experiencing any of the aforementioned issues was measured in seconds using a stopwatch [48,49,50]. This test has shown good test–retest reliability, with an ICC = 0.71–0.85 [34,47].



The extensor muscles were assessed in a prone position. The extensor muscle test was developed with the thoracic spine stabilized, fastening a belt across the T6 level, and the head protruded from the treatment table [51]. The CROM device was used to control the position of the head and an external load of 2 kg was applied to the posterior aspect of the head. The patients were instructed to maintain the chin-in position and the test was ended when the deviation of the head was higher than 5° for a minimum of 5 s. The time that the patient could maintain the correct position was measured in seconds using a stopwatch. This test had a good test–retest reliability with ICC = 0.52–0.73 [34].




2.3.3. Morphological Characteristics of Deep Neck Muscles


Ultrasound (Logic e V2 de General Electric) with 8 MHz, and a 28.7 mm linear array 3 transducer was used to measure the DN flexor and extensor muscles. The CSA was registered by tracing around the muscular border of the muscles, and the measurement unit was cm2. Ultrasonography has shown an excellent test–retest reliability with an ICC = 0.92–0.97 [52,53].



The DN flexor muscles measured were the longus capitis and coli muscles. The CSA of these muscles was measured with the patient lying in a supine position and with both arms relaxed along the body [54]. The neck spine was placed in a neutral position of slight lordosis and soft support was placed underneath. To measure the size of the muscle, the thyroid cartilage was identified at the level C5–6, and the screenshot was taken 2 cm through it [55]. The linear transducer was placed horizontally on this surface and then slightly tilted up and down to visualize the DN flexor muscle. The DN flexor muscle is surrounded inferiorly and medially by the vertebral body, laterally by the carotid, and superiorly by the retropharyngeal space [53,56] (Figure 1).



The DN extensor muscle measured was the multifidus [28]. The CSA of the DN extensor muscle was measured with the patient in a sitting position. To measure the size of the muscle at the level of C4, the linear transducer was placed horizontally in the posterior part of the neck. The multifidus muscle was visualized lateral to the junction between the vertebral lamina and the spinous process and anterior to the semispinalis muscle of the neck [52,53,56,57,58] (Figure 2).





2.4. Statistical Analysis


Statistical analysis was performed using SPSS version 20.0 for Windows. A descriptive analysis of the demographic and clinical variables of the sample was carried out. The normality of the data was evaluated using the Kolmogorov–Smirnov test and due to some of the outcome measures not being normally distributed, the Spearman’s rho was used to evaluate the correlation between pain intensity, neck disability, headache impact, muscle function tests, and muscle thickness. The association was considered weak if the r value was <0.3, moderate if the r value was between 0.3 and 0.7, and strong if the r value was >0.7 [59].



To evaluate the relationship between neck disability and headache impact with a muscle endurance test and muscle morphological characteristics in more detail, a simple linear regression analysis was carried out. Simple linear regression analysis provides the percentage of variance in the dependent variable that the independent variables explain, expressed as R squared value. NDI and HIT-6 were considered the dependent variables, and DN endurance test and flexor and extensor muscles’ CSA as independent variables.





3. Results


Eighty-two women diagnosed with neck pain with an average age of 35.56 (9.91) years were included in the study. Pain intensity measured with a VAS, neck disability measured with NDI and the impact of headache measured with HIT-6 presented low levels in most of the patients. None of the women presented co-morbidities. The mean and standard deviations of the demographic data, endurance tests and morphological characteristics of the DN flexors and extensors of all the included women are shown in Table 1.



The correlation analysis showed weak to moderate negative correlations between the endurance tests and neck disability and headache impact. The chin tuck test showed a moderate negative correlation with neck disability (r = −0.38), and a weak negative correlation with headache impact (r = −0.26). The extensor muscles test showed a weak negative correlation with neck disability (r = −0.27) and with headache impact (r = −0.26). These correlations were all statistically significant, but no significant correlation was found for any of the endurance tests and pain intensity. Concerning the CSA of the flexor and extensor muscles, only flexor muscles’ CSA showed a weak negative correlation with neck disability (r = −0.22). No associations between the flexor and extensor muscles’ CSA were found with pain intensity or headache impact. The correlation values and the significance of all the tests are shown in Table 2.



In a simple linear regression analysis, the statistic R squared indicates the percentage of the variance in the dependent variable that the independent variables explain collectively. NDI and HIT-6 were considered the dependent variables, and endurance test and DN muscles’ CSA as independent variables. For headache impact and pain intensity, the linear regression analysis showed an R squared below 20% and was not statistically significant (HIT-6: R squared = 0.165; F = 1.70; p = 0.113; VAS: R squared = 0.129; F = 1.27; p = 0.271). For neck disability, the simple linear regression analysis showed an R squared of 26.7% and was statistically significant (NDI: R squared = 0.267; F = 3.13; p = 0.004). The chin tuck neck flexion test, extensor muscles endurance test, and DN extensor CSA were significantly associated with the NDI score. Conversely, the DN flexor was not significantly associated with the NDI score. The full results of the linear regression analysis for NDI are shown in Table 3.




4. Discussion


The aim of this study was to investigate if a neck muscle endurance test and/or morphological characteristics of DN muscles were correlated to pain intensity, neck disability and headache impact in patients with neck pain. The muscle endurance test reported a weak to moderate negative correlation to NDI and HIT-6, but not to pain intensity. No ultrasound measurements were correlated to pain intensity, NDI or HIT-6, but DN flexor muscles’ CSA showed a weak negative correlation with NDI.



In women with neck pain and low levels of disability, the endurance tests for neck flexor and extensor muscles have demonstrated a negative correlation with neck disability and the impact of headaches. This suggests that patients with mild neck disability and weakness in the neck flexor and extensor muscles experience higher levels of neck disability, and headaches have a greater impact on their daily life. Kahlaee et al. also reported similar findings, showing a negative correlation between the neck extensor endurance test and the Neck Disability Index (NDI) in patients with chronic pain [17]. Additionally, this study found that patients with chronic neck pain exhibited higher overall muscle fatigability and a smaller size of the deep neck extensor muscles. The results of this study can be added to those presented by Kahlaee et al. [17] in patients with chronic neck pain. These results could be important in the prevention of neck pain. The endurance of the neck flexor and extensor muscles is affected and correlated with the perception of neck disability and headache. In this sense, these patients rarely attend health services, given that cervical pain does not have a significant impact on quality of life [13]. However, it is crucial to consider that this pain could potentially become chronic, making it essential to train the cervical musculature to prevent self-perceived cervical disability. Further research is needed to confirm these findings and explore effective preventive measures.



The results of CSA showed a weak negative association only for DN flexor muscle and neck disability. Concerning ultrasonography measurements, only DN flexor muscles’ CSA showed a weak negative correlation with NDI [60], and therefore subjects with mild disability who have a higher CSA present a lower NDI. In this sense, patients with neck pain for less than 3 months and low levels of disability may present decreased endurance of the neck flexor and extensor muscles, but the CSA may not be affected yet. It has been described that the reduction in DN endurance may lead to a decrease in the CSA when this situation is maintained over time [26]. A clear example in the literature is patients with chronic neck pain. This type of patient presents a decreased activation of the DN flexor and extensor muscles, and a reduced CSA [17,28]. This fact is also described in women; Fernández-de-las-Peñas et al. showed a reduction in the CSA of multifidus muscles in chronic neck pain in comparation with a healthy control [28]. Therefore, compared to what happens with patients with chronic neck pain, patients with low neck disability in the acute or subacute period do not present correlations between the DN extensor muscle CSA and the self-perceived symptoms, but there is a correlation between the DN flexor CSA and NDI. Peng et al. [27] conducted a systematic review with a meta-analysis that compared the morphological characteristics of the muscles between healthy controls and patients with chronic neck pain, showing that the size of longus colli was slightly smaller in patients with chronic neck pain, but the size of the multifidus was equal between groups. Although more studies are needed in this regard, the data of the present study could suggest that the initial stages of neck pain with low self-perceived disability and pain intensity could be an ideal period to start specific neck exercises and use them for prevention. Specific neck exercise has been shown to be effective in improving the endurance of the neck musculature [60]. However, if this were the case, it would be imperative to target and raise awareness among patients exhibiting these characteristics, as well as to disseminate this knowledge within healthcare facilities. As previously mentioned, these patients typically refrain from seeking medical attention due to the mild nature of their disability and pain.



No statistically significant correlations were found between the CSA, endurance test and pain intensity in this study. The results of this study are different from those with patients with chronic neck pain, where a smaller muscle size was observed compared to healthy subjects, as well as a negative correlation between the CSA and the intensity of the neck pain [17]. In this sense, it is also suggested that the smaller the size of the muscle, the greater the pain and disability; this fact could be one of the reasons why a relationship between muscle size and pain and muscle size and neck disability was not found in the present study. The patients in this study had low neck disability, low pain intensity and were not patients with chronic neck pain.



From a clinical point of view, in patients with neck pain for less than 3 months and low levels of disability, clinical tests such as the endurance tests for the neck flexor and extensor muscles may be more useful to test and track the status of the patients in terms of disability and impact than the measurement of the CSA. However, once the situation turns chronic, the evidence showed correlations between the CSA and the main symptoms of the patients. So, future studies should consider the relationship of these outcome variables, taking into account the evolution time and the age of the patients.



This study used the VAS to assess the neck pain, the NDI for the self-perceived neck disability, the HIT-6 for the impact of headache and clinical tests to measure the endurance of the neck flexor and extensor muscles and to evaluate the morphological characteristics of deep neck using ultrasonography. Several limitations were observed during the current study. Although neck pain is more prevalent among women, it is important to acknowledge that the study sample exclusively consisted of female participants. Consequently, caution must be exercised when generalizing the results to male populations. The inclusion criteria were patients with low levels of pain and disability, so the relationships may not be the same for patients with higher levels of pain and disability. Third, the linear mixed model partially explained the results, so more outcome variables should be taken into consideration. The results of this study must be taken with caution; an attempt was made to carry out a study of correlations between seven different variables, and for this purpose 12 subjects per variable were recruited, completing a sample of 82 subjects. This type of study, with such large samples, can bias the results and weaken or strengthen different correlations, so it would be important to carry out a study analyzing the variables that showed correlations in this study.




5. Conclusions


In women with low cervical disability and low neck pain, the neck muscle endurance test demonstrated a moderate correlation with self-perceived disability. This correlation suggests that individuals with lower neck muscle endurance tend to report higher NDI scores and HIT-6 scores. From a clinical point of view, it is important to evaluate the endurance of the neck muscles since this can be a predictor of the patient’s perceived disability, where subjects with lower resistance could present greater disability.



Due to the limitations inherent in this study, it is advisable to exercise caution when interpreting the data. It is not possible to extrapolate the results to men, highlighting the need for additional studies to determine whether the findings observed in this current study hold true for male participants.
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Figure 1. Cross-sectional area of the deep neck flexor muscle marked by dotted lines. 
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Figure 2. Cross-sectional area of the deep neck extensor muscle marked by dotted lines. 
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Table 1. Demographic and clinical characteristics of the sample.
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	Variable
	Mean
	SD





	Age (years)
	35.56
	9.91



	Height (cm)
	165.32
	6.10



	Weight (kg)
	62.75
	10.64



	BMI
	22.93
	3.59



	HIT-6
	51.23
	8.53



	NDI
	8.26
	2.82



	Pain intensity (mm)
	2.65
	1.66



	Chin tuck neck flexion test (s)
	19.79
	11.39



	Extensor muscles test (s)
	34.10
	18.91



	DN Flexor CSA (cm2)
	0.83
	0.31



	DN Extensor CSA (cm2)
	1.25
	0.36







Abbreviations: BMI: body mass index; HIT-6: headache impact questionnaire; NDI: neck disability index; DN: deep neck muscle; CSA: cross-sectional area.








