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Background: Neck pain (NP) is a common musculoskeletal disorder among fighter pilots and has become a rising concern due to its detrimental impact on military combat effectiveness. The occurrence of NP is influenced by a variety of factors, but less attention has been paid to the association of NP with demographic, occupational, and cervical sagittal characteristics in this group. This study aimed to investigate the prevalence and risk factors of NP in Chinese male fighter pilots using a questionnaire and cervical sagittal measurements.

Methods: Demographic and flight-related data, as well as musculoskeletal pain information, were gathered from Chinese male fighter pilots via a self-report questionnaire. Cervical sagittal parameters were measured and subtypes were classified using standardized lateral cervical radiographs. Differences in various factors between the case and control groups were analyzed using t-tests or chi-square tests. Binary logistic regressions were conducted to explore potential risk factors contributing to NP. Predictors were presented as crude odds ratios (CORs) and adjusted odds ratios (AORs), along with their respective 95% confidence intervals (CIs).

Results: A total of 185 male fighter pilots were included in this cross-sectional study. Among them, 96 (51.9%) reported experiencing NP within the previous 12 months. The multivariate regression analysis revealed that continuous flight training (AOR: 4.695, 95% CI: 2.226–9.901, p < 0.001), shoulder pain (AOR: 11.891, 95% CI: 4.671–30.268, p < 0.001), and low back pain (AOR: 3.452, 95% CI: 1.600–7.446, p = 0.002) were significantly associated with NP.

Conclusion: The high 12-month prevalence of NP among Chinese male fighter pilots confirms the existence of this growing problem. Continuous flight training, shoulder pain, and low back pain have significant negative effects on pilots’ neck health. Effective strategies are necessary to establish appropriate training schedules to reduce NP, and a more holistic perspective on musculoskeletal protection is needed. Given that spinal integrated balance and compensatory mechanisms may maintain individuals in a subclinical state, predicting the incidence of NP in fighter pilots based solely on sagittal characteristics in the cervical region may be inadequate.

KEYWORDS
 neck pain, neck injury, sagittal balance, spinal curvatures, military pilots, risk factors, injury prevention, injury assessment


1. Introduction

Non-combat injuries are the leading cause of pilot attrition and military discharge in modern warfare (1). Spine-related pain, such as neck pain (NP) and its association with occupational hazards, is a well-documented complaint among military pilots (2). Unlike helicopter or transport aircraft pilots, fighter pilots usually experience high G-forces, repetitive head and neck flexion and rotation, and added weight from the helmet and oxygen equipment (3–5), which increase the load on the cervical vertebrae, especially during neck rotation and extension (6, 7). These specific occupational factors place fighter pilots at a higher risk of spinal injury presenting as NP than helicopter and transport pilots (8), not to mention the general population (9).

The prevalence of NP in fighter pilots has increased significantly due to the ever-increasing intensity of flight training (10, 11), with reports of up to 83% in a 12-month period and up to 97% over the course of a career (3). While some cases of ligamentous disruption, vertebral fractures, and disk pathologies that require surgery have been documented (12, 13), most fighter pilots self-report mild to moderate non-specific NP (14, 15). However, such NP is often reported to have a negative impact on a pilot’s physical and mental health (16), manifesting as impaired attention and concentration, poor motor control, postural instability, inability to perform in-flight maneuvers, task interruption, and temporary or permanent grounding (13, 17). These harmful impacts on individual health and operational capability can lead to substantial losses in military interests (12), especially through attrition and early career termination (17). It is noteworthy to consider that training an operational military pilot costs around $9 million (12), and even higher at $15.2 million for a single fighter pilot (17). Therefore, effective and efficient preventive measures are needed to reduce the high incidence of NP among military pilots. Combined with appropriate medical management, this may enable military pilots to avoid suffering long-term pain and disability, thus ensuring good military strength. However, before developing and recommending preventive strategies and keeping medical readiness, injury assessment models must first identify prevalence rates and etiological factors (17, 18).

Cervical sagittal alignment and balance play a crucial role in maintaining physiological function of the cervical spine and serve as critical indicators in evaluating cervical degeneration. These include sagittal curvature, sagittal displacement, and various cervicothoracic junction parameters (19–22). Previous research has shown differences in cervical sagittal parameters, specifically cervical lordosis (C2-C7 angle) (15), T1 slope (19, 23, 24), and C2-7 sagittal vertical axis (SVA) (19, 24), between healthy individuals and patients with NP. Additionally, pain is prevalent in other regions of the body, such as the shoulder and lower back (25), which may worsen the impact of NP. In addition, age, inappropriate BMI, and smoking habit may be associated with a higher risk of developing NP (26, 27). These predictive factors may resemble those found in previous research on NP in the general population, but no study has comprehensively investigated the factors associated with the occurrence of NP in the population of fighter pilots with regard to the above areas. At present, research on occupational factors has primarily focused on flying time or experience, such as total, annual, or weekly flying hours (4, 15, 17, 28–33) and duration of occupational exposures (31, 34, 35). However, there has been neglect in investigating the impact of flight training schedules on NP, such as continuous or non-continuous flight training. The purpose of this cross-sectional study was to assess the prevalence of occupational NP in Chinese fighter pilots and to determine associated factors by analyzing demographic and occupational information and cervical sagittal characteristics.



2. Methods


2.1. Study design and participants

This cross-sectional study was designed to investigate the prevalence and associated risks of NP in Chinese male fighter pilots using a questionnaire survey and radiological measurements. The Ethics Committee of the Air Force Medical Center of the People’s Liberation Army of China (PLA) approved the study (No. 2023-11-PJ01) and it was conducted in accordance with the Helsinki Declaration. Before the study commenced, written informed consent was obtained from all participants. The participants were recruited at the Air Force Medical Center using independently controlled quota sampling based on military theater command distribution, and data collection began from August 2021 to November 2022. The survey was anonymous and self-administered, with a paper copy of the questionnaire distributed to each enrolled participant. The X-ray examinations were performed by the Radiology Department of the Air Force Medical Center of the PLA.

All male participants were actively serving in Air Force military units in the Five Theater Commands of the PLA. They were certified fighter pilots aged between 20 and 48. The exclusion criteria for the participants were as follows: (1) any current or past history of known trauma or surgery to the spine and joints, signs of neurological deficit, or structural lesions; (2) under medical treatment for physical pain; (3) systemic disease affecting the musculoskeletal system (e.g., osteoarthritis, rheumatoid arthritis, etc.); and (4) absence from flying for more than four consecutive weeks in the previous 12 months (e.g., vacation, study, etc.). A formula for estimating prevalence study was employed to determine the sample size for this study. An expected NP prevalence of 51% (10) and a margin of error of 15% were considered, resulting in a required sample size of 172. To account for potential power loss due to invalid responses or radiographs, an additional 15% was added, bringing the final number of invited pilots to 198. A total of 198 male pilots participated in the study, with 41 serving in the Eastern Theater Command, 40 in the Southern Theater Command, 39 in the Western Theater Command, 41 in the Northern Theater Command, and 37 in the Central Theater Command. However, only 185 participants were ultimately enrolled, with 37 in the Eastern Theater Command, 38 in the Southern Theater Command, 36 in the Western Theater Command, 38 in the Northern Theater Command, and 36 in the Central Theater Command. The dropout data were: (1) six pilots completed invalid questionnaires due to missing items; (2) seven pilots took non-standard radiographs with questionable anatomical locations or unclear image markings.



2.2. Questionnaire measures

The complete list of items in the questionnaire can be found in Appendix. The study’s questionnaire comprised three sections as follows:

Section 1: Baseline characteristics of the participants such as age, height, weight, and smoking status. Weight of the participants was measured to the nearest 0.1 kg using a digital scale while wearing light clothing. Standing height was measured to the nearest 0.5 cm. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared, to the nearest 0.1 kg/m2. Current smokers were defined as having smoked at least 100 cigarettes in their lifetime and having smoked in the past 30 days, with two response options (yes/no).

Section 2: This section was based on records of aircraft piloting. The occupational data included total flying hours (flying hours in a career) and annual flying hours (flying hours in the past 12 months). As total or annual flying time may only provide an ambiguous description of cumulative chronic exposure within a career or 12 months, we defined an indicator reflecting flight training schedules: continuous flight training refers to ≥6 h per week (1) for more than 4 consecutive weeks in the past 12 months, with two response options (yes/no). Service units were surveyed to confirm the practicability of quota sampling according to military theater distribution. However, this data were not used as a variable in the study due to limited access to display military details.

Section 3: This section utilized a modified version of the validated Nordic Musculoskeletal Questionnaire (1, 36) to evaluate the prevalence of musculoskeletal symptoms (pain). The body parts, including neck, shoulders, upper back, elbows, lower back, wrists/hands, hips/thighs, knees, and ankles/feet, were defined by shaded areas on body maps (Appendix). Three questions were developed for each body part, including: (1) “In your career, have you had any pain, discomfort, or numbness in this area?” (yes/no); (2) “In the past 12 months, have you had any pain, discomfort, or numbness in this area?” (yes/no); and (3) “In the past 12 months, have you been prevented from doing normal activities (e.g., work, housework, hobbies) because of this condition?” (yes/no).

A preliminary questionnaire was utilized in a prior investigation (1). To ensure that the questions were relevant and comprehensible, a board of specialists in clinical medicine, epidemiology, and aeromedicine content validated the questionnaire. Before the formal study, this pre-questionnaire was piloted with 20 people to test the language and logical order of each question, and to slightly modify the question with unclear meaning and specify the completion requirements as the final form. A question about alcohol abuse was removed because it was deemed unsuitable and unreliable for this profession. In order to obtain more statistically valid, homogeneous, and generalizable results, pilots were asked to complete baseline data (Section 1) that would be aligned with their electronic medical records at the time of enrollment (10). Additionally, to enhance reliability of flying experience and to minimize recall bias, participants were asked to report data on occupational characteristics (Section 2) according to their flight logs (10). Flight logs were completed by the pilot based on mission status, reviewed by the unit commander and flight surgeon, and provided to the medical provider at the time of the medical evaluation. In this study, NP was defined as any reported pain, discomfort, or numbness in the past 12 months that interfered with work, housework, or hobbies (37). The participants were informed of their rights and assured their privacy would be protected to minimize reporting bias. The data collection was conducted in closed rooms to ensure privacy and limit outside influences. Trained investigators were assigned to explain the questionnaire at the distribution site. The 12-month prevalence of NP was calculated as the percentage of all participants who answered “yes” to both questions (1–3) about the neck in Section 3. For statistical analysis, pilots were categorized into NP group (reporting any NP in the previous year) and non-NP group (not reporting any NP in the previous year) according to the NP presentation identified by the questions.



2.3. Radiographic measures

All radiographs were taken under identical conditions using the same procedure as described below. The participants stood upright and gazed straight ahead while keeping their shoulders fully relaxed and their arms naturally hanging at their sides. The cervical spine films were taken at a source-subject distance (SSD) of 150 cm with the beam centered at C4, approximately at the level of the mandibular angle (38). All subjects were positioned and imaged by the same researcher, an 8-year veteran radiologic technologist. The Luminos dRF Max (Siemens Healthcare GmbH, Erlangen, Germany) was used as the radiographic machine. The radiographs were recorded on an Imaging Clinical Information System (ICIS; version 2014.1.SU6.5, AGFA HealthCare N.V., Mortsel, Belgium) at a resolution of 1,928 × 2,308 pixels.

Cervical sagittal parameters were calculated for each participant, as displayed in Figure 1. The definition of each measured parameter (39–45) was listed in Table 1. According to the description outlined above, three experienced spine surgeons, blinded to subject grouping, independently measured all the sagittal parameters of 185 radiographs using Surgimap software (version 2.3.2.1, Nemaris, New York, NY, United States) (43). The results of these measurements were averaged to present the final data for this study. The measurements were also subject to evaluation of inter-rater reliabilities using intraclass correlation coefficients (ICCs) and average measures. The standard interpretations of the ICCs were as follows: 0.00–0.50 (poor reliability), 0.50–0.75 (moderate reliability), 0.75–0.90 (good reliability), and > 0.90 (excellent reliability) (46). Excellent reliability was observed for the parameters measured with O-C2 angle (ICC = 0.992, p < 0.001), C1-C2 angle (ICC = 0.980, p < 0.001), C1-C7 angle (ICC = 0.984, p < 0.001), C1-C7 SVA (ICC = 0.997, p < 0.001), C2-C7 angle (ICC = 0.995, p < 0.001), C2-C7 SVA (ICC = 0.996, p < 0.001), neck tilt (ICC = 0.958, p < 0.001), TIA (ICC = 0.958, p < 0.001), T1 slope (ICC = 0.973, p < 0.001), cervical tilting (ICC = 0.983, p < 0.001), cranial tilting (ICC = 0.942, p < 0.001), and T1S-CL (ICC = 0.983, p < 0.001). Good reliability was reported for the C7 slope (ICC = 0.889, p < 0.001).
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FIGURE 1
 Measured cervical sagittal parameters of the study in the lateral cervical radiograph.




TABLE 1 Definition of cervical sagittal parameters which were used in this study.
[image: Table1]

Cervical sagittal alignment classifications were evaluated using a modified method of Toyama et al. (47). The contour tangents to the four sides of the C3-C6 vertebral bodies were constructed by connecting adjacent corners with a straight line. Each pair of diagonally opposite corners where adjacent contour tangents intersected was connected by a line, respectively, (Figure 2). The intersection of these two lines is the vertebral centroid. Line AB was constructed to connect midpoint A on the inferior surface of C2 and midpoint B on the superior surface of C7. The alignment was then classified as lordotic, straight, sigmoid, or kyphotic based on the relative positions of the centroids to the line AB (Figure 2). The cervical sagittal alignment of the 185 radiographs was independently classified into lordotic, straight, sigmoid, or kyphotic groups by the same three orthopedic surgeons using Surgimap software as described above. The final subtype for each participant was determined by majority rule. Inter-rater agreement among the classifications was evaluated using the Fleiss kappa coefficient. The kappa values were categorized as follows: 0.00–0.20 (slight agreement), 0.21–0.40 (fair agreement), 0.41–0.60 (moderate agreement), 0.61–0.80 (substantial agreement), and 0.81–1.00 (almost perfect agreement) (48). In this study, the inter-rater agreement for the classifications demonstrated almost perfect agreement with a Fleiss kappa coefficient of 0.889 (p < 0.001).

[image: Figure 2]

FIGURE 2
 The method of subtype classification of cervical sagittal alignment [modified method of Toyama et al. (47)]. Lordotic: all centroids (green colored dot) are anterior to the line AB (red colored line) and the distance between at least one centroid and the line AB is 2 mm or more; Straight: the distance between the line AB and each centroid is less than 2 mm; Sigmoid: some centroids are anterior and some are posterior to the line AB and the distance between the line AB and at least one centroid is 2 mm or more; Kyphotic: all centroids are posterior to the line AB and the distance between at least one centroid and the line AB is 2 mm or more.




2.4. Statistical analysis

Statistical analyses were conducted using SPSS software (version 26.0, Chicago, United States). The questionnaire and radiographic measurement results were presented as mean ± standard deviation for quantitative data and as absolute values with percentages for qualitative data. Data normality was assessed using the Kolmogorov–Smirnov test (1). Differences in normally distributed quantitative data between the NP and non-NP groups were assessed using independent two-sample t-tests. Cohen’s d values were calculated using G*Power software to evaluate significant effects (49). The Cohen’s d values were categorized as follows: 0.00–0.10 (negligible effect), 0.10–0.20 (small effect), 0.20–0.50 (medium effect), 0.50–0.80 (large effect), and > 0.80 (very large effect) (50). Differences in non-normally distributed quantitative or qualitative data between the NP and non-NP groups were assessed using chi-square tests with two-tailed Cramer’s V coefficient. The Cramer’s V values were categorized as follows: 0.00–0.10 (small association), 0.10–0.30 (medium associations), 0.30–0.50 (large association), and > 0.50 (very large association) (51). For multiple comparisons of NP prevalence among cervical sagittal subtypes, chi-square tests were conducted followed by Bonferroni analyses (50). Univariate and multivariate logistic regression analyses were performed to identify variables influencing the prevalence of NP in fighter pilots. All possible variables were included in the multivariate logistic regression, and a stepwise elimination procedure was applied to control for potential confounders to determine the simplest and most accurate regression model. Crude odds ratios (CORs) and adjusted odds ratios (AORs) along with their corresponding 95% confidence intervals (CIs) were reported. The model fit was assessed using Hosmer-Lemeshow goodness of fit test. The Hosmer-Lemeshow statistic indicates a poor fit if the significance value is less than 0.05 (50). All p values were two-tailed, and p < 0.05 was considered statistically significant.




3. Results


3.1. Demographic and occupational characteristics of the participants and pain prevalence

Table 2 shows the background data of the study participants. A total of 185 male fighter pilots were included in this study, with a mean age of 28.5 ± 6.0 years, mean height of 173.8 ± 3.6 cm, mean body weight of 70.8 ± 7.1 kg, mean BMI of 23.4 ± 2.1 kg/m2, mean total flying time of 996.5 ± 835.6 h, and mean annual flying time of 151.9 ± 34.3 h. Almost half of the pilots reported continuous flight training in the past year (57.3%), while the other half did not (42.7%). Current smoking was reported by 70 (37.8%) pilots, and 116 (62.7%) had a BMI of less than 24 kg/m2.



TABLE 2 Background data for all participants and for NP and non-NP groups.
[image: Table2]

Among 185 participants, 96 (51.9%) reported NP (95% CI: 44.6–59.2%), 72 (38.9%) reported low back pain (95% CI: 31.8–46.0%), and 59 (31.9%) reported shoulder pain (95% CI: 25.1–38.7%) in the past 12 months (Table 2).

As demonstrated in Table 2, the incidence of NP was significantly higher in pilots with continuous flight training than in pilots without continuous flight training (68.9 vs. 29.1%, p < 0.001, Cramer’s V = 0.394, p < 0.001); however, the NP and non-NP groups did not differ significantly in total flying hours (p = 0.449) and annual flying hours (p = 0.069). In addition, significant differences were found in the incidence of NP according to pain in other areas of the body. The incidence of NP was 88.1% in the patients with shoulder pain (p < 0.001, Cramer’s V = 0.496, p < 0.001) and 66.7% in the patients with low back pain (p = 0.001, Cramer’s V = 0.236, p < 0.001). There were no significant differences in age, height, weight, BMI, or smoking history between the NP and non-NP groups.



3.2. Cervical sagittal characteristics of the participants

The cervical sagittal characteristics of the subjects, including parameters and alignment subtypes, are shown in Table 3. The distribution of cervical sagittal alignment subtypes in the total cohort was as follows: lordotic subtype in 61 (33.0%), straight subtype in 80 (43.2%), sigmoid subtype in 20 (10.9%), and kyphotic subtype in 24 (13.0%). In other words, the lordotic subtype accounted for 33.0% of the total cohort compared to 67.0% for the non-lordotic subtype.



TABLE 3 Cervical sagittal characteristics for all participants and for NP and non-NP groups.
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As shown in Table 3, no significant differences were found between participants with and without NP in O-C2 angle, C1-C2 angle, C1-C7 angle, C1-C7 SVA, C2-C7 angle, C2-C7 SVA, C7 slope, neck tilt, TIA, T1 slope, T1S-CL, cervical tilting, or cranial tilting. Multiple comparisons analysis revealed that there were no significant differences in the incidences of NP according to cervical sagittal subtypes (p = 0.81, Cramer’s V = 0.074, p = 0.81). The incidence of NP was 47.5% in the lordotic group, 53.8% in the straight group, 50.0% in the sigmoid group, and 58.3% in the kyphotic group.



3.3. Risk factors associated with NP

Unadjusted and adjusted analyses using logistic regression were performed to assess risk factors associated with NP among the study participants (Table 4). Multivariate regression analysis revealed that continuous flight training, shoulder pain, and low back pain were significantly predictive of NP. However, the following factors were not significantly associated with the incidence of NP: age, height, weight, BMI, smoking, total flying time, annual flying time, cervical sagittal parameters, and subtypes. Participants with continuous flight training were 4.695 times more likely to have NP than those without continuous flight training (AOR: 4.695, 95% CI: 2.226–9.901, p < 0.001). In addition, shoulder pain (AOR: 11.891, 95% CI: 4.671–30.268, p < 0.001) and low back pain (AOR: 3.452, 95% CI: 1.600–7.446, p = 0.002) were associated with the incidence of NP.



TABLE 4 Logistic regression analysis of risk factors potentially associated with NP.
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4. Discussion


4.1. Main findings

The aim of this study was to determine the incidence of occupational NP among fighter pilots in the Chinese Air Force and to evaluate potential risk factors by analyzing demographic and occupational data as well as cervical sagittal measurements. The main finding of the study was that NP in pilots was positively associated with continuous flight training, shoulder pain, and low back pain, but there was no evidence of an association between measured cervical sagittal parameters and subtypes and NP. These results could provide supportive evidence for maintaining spinal health and preventing injury in military pilots.



4.2. Epidemiology of NP in fighter pilots

In this cross-sectional study, a high prevalence of musculoskeletal conditions was found, with 51.9% of respondents reporting prominent NP compared to a mean prevalence of 37% in the general population aged 17–70 years (9). Consistent with some studies, NP prevalence in fighter pilots ranged from 47 to 83% (3, 7, 15, 30, 52, 53). In contrast, lower prevalence of NP was reported in other studies (1, 4, 54, 55). The variations in prevalence observed across studies may be attributed to discrepancies in the target populations, time intervals considered, or criteria used to characterize pain and associated symptoms (15, 17). For example, differences in the time frames used to define NP are evident. A study by Vanderbeek et al. (56) found that the 3-month prevalence of NP (51%) was lower than the 12-month prevalence (64%) in fighter pilots. This discrepancy may be attributable to the shorter time frame used to define NP, which may have decreased recall bias. Another illustration is whether or not medical treatment was sought. Yang et al. (1) reported that NP necessitating medical care had a 3-month prevalence rate of 30%, whereas Ang et al. (57) did not take into account seeking care, which had a 3-month prevalence rate of 53%. It should be noted that certain military pilots may hesitate to report experiencing pain and seek medical assistance due to concerns over flight restrictions (10). This could potentially affect the described prevalence of self-reported pain. Consequently, the lack of standardized definitions has been identified as a limitation in these studies.

The gaps could be addressed through Delphi studies, which are likely to establish uniform definitions of both NP and neck regions to improve the accuracy of future results (10). We suggest identifying specific population characteristics, such as age, gender, aircraft type, flight experience, and any other relevant demographic or occupational variables, as a first step. Then, it is recommended to define NP using recognized diagnostic criteria or standardized measurement tools that are commonly used in evaluating NP. The Dutch Musculoskeletal Questionnaire, Neck Disability Index (NDI), or Visual Analog Scale (VAS) are examples of such tools that can effectively identify the anatomical location, severity, frequency, and duration of pain. Body maps with shaded areas or self-reported markings can be used to indicate the specific regions of discomfort. Consider implementing a severity grading system and establishing a timeframe for NP to capture variations in severity and frequency of symptoms. It is worth noting that whether the definition should include criteria for functional impairment or limitations in performing specific tasks related to flight duties should be determined. Additionally, it is necessary to evaluate the extent to which the injury or pain requires medical assistance. Thirdly, one should ensure that the defined criteria are validated and consistent with established clinical or research standards. It is also crucial that the definition is effectively communicated to researchers, healthcare providers, and other stakeholders involved in the study or management of NP in this population.



4.3. Do demographic characteristics affect the incidence of NP in fighter pilots?

As people age, their risk of developing NP in the general population might increase due to inadequate body mass index (BMI) and smoking habits (26, 27). However, the relationship between demographic factors and NP in fighter pilots remains inconclusive, likely due to the impact of occupational and physical functional characteristics, as well as social-psychological factors such as a high volume of flight missions, prolonged computer or desk work (28, 54), reduced neck strength or torque (7), and mental fatigue or anger (54).

Some recent studies have shown that age is a risk factor for NP in fighter pilots (4, 28). However, our study found no significant association between age and NP, which is consistent with other reports (7, 31, 54). While increasing age is a non-modifiable risk factor for NP in general occupational groups (58), numerous individual-related and flight-specific factors could be confounded by age for military pilots. For example, young pilots, such as trainees, typically fly low to medium performance aircraft, such as the K-8 and J-7. These pilots do not exhibit any pathological changes in the spine due to low cumulative load exposures. However, they have limited flight experience, lack awareness of effective pre- and in-flight precautions, such as warming up with range of motion and isometrics and placing their head against the seat, and are not sufficiently trained for G-load resistance. Pilots between the ages of 30 and 40 demonstrate optimal flight skills, possess knowledge of preventative measures for neck injuries, and maintain excellent physical fitness. However, many of these pilots operate high-performance fighter aircraft, such as the J-16 and J-20, which impose high peak loads during numerous flight missions. As a result, the cumulative loads have caused gradual degeneration of the spine. For pilots over 40 years old, flight training volume is reduced gradually. Flight skills and preventive measures remain mature, and rest and recovery time is longer. However, the physical function has deteriorated, making it difficult to withstand the burden of flight loads on the body, with degenerative spinal disease appearing gradually. Thus, in this study, the association between age and NP may be attenuated by the interaction of both positive and negative factors associated with the age factor.

Neck pain is generally not directly caused by smoking. However, smoking may indirectly contribute to certain factors such as reduced blood flow, impaired healing, degenerative disk disease, coughing and breathing problems, and lifestyle factors that may increase the risk of NP (59). Unlike age, smoking is a modifiable factor that can be reduced or stopped (58). Our study discovered a greater occurrence of smoking within the NP group compared to the non-NP group. However, this difference was not significant, and several previous studies also failed to discover a significant association between smoking and NP (17, 54). We assessed smoking through a yes/no question concerning the past 30-day and lifetime tobacco usage, a crude measure of this form of exposure. By classifying individuals who formerly smoked as non-smokers and those who smoke only a few cigarettes per month or day as smokers, the exposure characterization may be imprecise. This possible crude classification of exposure is likely non-differential, potentially weakening the associations.

Consistent with previous studies (32, 33), our study did not find a significant association between NP and BMI. While BMI is a measure of body fat based on an individual’s weight and height, it is not directly related to NP, nor does it take into account the distribution of body fat. Individuals with higher muscle mass may have a greater BMI without excess body fat. Conversely, someone with a lower BMI may still have a larger percentage of body fat concentrated in specific regions, such as the neck. Fat accumulation around the neck may be linked to NP, but BMI alone does not determine its occurrence. Future studies on NP in this population should consider incorporating additional anthropometric measures such as body fat percentage, fat distribution, and muscle mass. It is worth noting that the average BMI of pilots in our sample was below 24, which may imply lower muscle mass in younger pilots. This may be due to loosely supervised physical training programs, as well as frequent deployments and relocations that prevent pilots from having regular access to the gym for training and make it difficult to obtain counterbalanced training equipment.

The present study did not demonstrate a significant relationship between height and NP, in contrast to the findings of a previous study (28). Ergonomically, the impact of height on NP appears to be twofold, as both extremely tall and short individuals are at higher risk. Shorter individuals may need to lift their arms more extensively, while taller individuals may need to lean their head forward more often, underlining the importance of appropriate height in confined cockpits. Nevertheless, as aircraft and equipment ergonomics continue to improve, it appears that this effect is decreasing.



4.4. Do fighter pilots with shoulder pain and low back pain have an increased risk of NP?

In the present study, shoulder pain and low back pain were discovered to be independent risk factors for NP in fighter pilots. This outcome suggests a relationship between shoulder pain, low back pain, and NP, potentially associated with flight posture. As pilots sustain a seated position and stable lower body, there is an increased requirement for push-pull movements with the upper extremities (1). The position required to grip the handle with the hands and fingers results in static contraction of the neck and shoulder muscles, which act as stabilizers to maintain the arms at a perpendicular angle (15). Shoulder pain or muscle fatigue may cause the neck muscles, such as the upper trapezius and scalene, to assist in elevating or shrugging the shoulder to stabilize and control the scapula and arms. This compensation principle weakens the arm and shoulder and strains the neck muscles excessively, leading to pain. It appears to apply to the lumbar region as well. Muscles that act on the spine, including erector spinae and multifidus, may tire from continuous or repeated exposure to high G-forces, prolonged static postures or both. This could alter the sitting posture by increasing the kyphosis in the lumbar region and potentially changing the regular curvature in the proximal spine area (34). To maintain trunk balance and a forward gaze, the pilot may need to compensate by further extending the neck. This scenario could leave the pilot more susceptible to neck and lower back injuries and pain. Therefore, it is clear that the musculoskeletal system should be analyzed holistically. We should pay close attention to the possibility of NP in individuals who are suffering from shoulder or low back pain. Physical exercise, particularly comprehensive training that incorporates both endurance and strength, should be prioritized as it has been proven to have significant protective effects against NP (52, 60). Ergonomic adjustments to aircraft and flight equipment could potentially affect these compensatory effects, which result from interactions between distinct regional muscles. Therefore, such considerations must be incorporated into new aircraft and equipment designs.



4.5. Is NP related to flying time and training schedules?

On one hand, the total number of flying hours can partially indicate the duration of being in a particular occupational environment. Pilots’ neck muscles are significantly activated during flight, suggesting that the neck muscles are subjected to high loads (61). Although exposure to high G-forces may initially strengthen the neck (62), it is widely acknowledged that long-term exposure to such high load pressures contributes to acute or chronic episodes of NP (1, 8, 35, 63). If these loads persist over a period of time, the muscles may tire, thus potentially increasing the risk of neck muscle strain injury (13). Meanwhile, the total time spent in flight can serve as an indicator of flight experience, which to some extent may demonstrate the pilot’s flight skills or proficiency. The total flying time is an essential reference index for classifying Air Force ranks, ranging from flying cadets to top pilots. Pilots who have accumulated more flying hours are expected to possess greater flying experience or skill. Previous studies have shown a higher incidence of NP in pilots with lengthy total flying hours (4, 28, 29). However, our investigation concluded that there was no significant association between total flying hours and NP among fighter pilots. This outcome was similar to those of other published studies (30–33). The absence of significant association may be attributed to the interaction of positive and negative factors related to total flying hours, similar to the factor of age. Pilots with comparatively lower total flight time could also encounter NP if they consistently encounter high G-forces during their flights. Meanwhile, pilots who have accumulated significant flight time may not experience frequent and severe NP declines to the same degree if they have taken measures to skillfully avoid the adverse effects of high G-forces, or if they have spent more time in a state of relatively low load level flight.

Pilots who operate the same type of aircraft may encounter varying factors due to the complexity of military missions and changing flight schedules (1). Therefore, annual flying time is inadequate evidence as it only provides an imprecise description of cumulative chronic exposure within a rough time frame instead of flight training distribution. This is evident in the lack of a significant association between annual flying time and NP in our study. Flight-related NP usually appears acutely during or after flight training and takes several days to recover (16). Flying for more than 6 h per week for four consecutive weeks results in prolonged exposure to G-forces in a relatively short time and inadequate recovery time (1), which may increase the risk of NP in fighter pilots. Our findings support this perspective, demonstrating that fighter pilots who receive continuous flight training have a 4.695 times higher risk of developing occupational NP than pilots who do not receive such training. Following this risk assessment, efforts should be directed toward creating preventive measures. Intermittent flight training or distributing the training volume could potentially mitigate the incidence of NP. For instance, if the yearly training volume stays the same, flight instruction could be completed in 1 week, followed by a week of rehabilitative and physical conditioning training, alternating between the two. This organized scheduling, supervised management, and evaluation of the impacts of these interventions for NP warrant additional research in the future.

Overall, there may be some correlation between flight time data and NP for fighter pilots, but it is not the sole or primary determining factor. Other factors, such as G-forces, dynamic movements, cockpit ergonomics, physical conditioning, and individual variations, also play significant roles in the development of NP. Proper ergonomic design, rigorous pilot training, consistent exercise, and attentive posture within the cockpit can reduce the risk of NP in fighter pilots, irrespective of their total, annual, or weekly flying time (17). Furthermore, upcoming research studies must aim to identify more precise determinants of NP in this group, like exposure to high G-forces per unit time.



4.6. Can cervical sagittal characteristics predict NP in fighter pilots?

This study showed no significant differences in cervical sagittal parameters between individuals with and without NP. This finding aligns with previous research that found no link between NP and cervical spine curvature changes (23, 64–69). One possible explanation for the lack of differences may be that cervical sagittal parameters are not connected to NP. However, some studies have reported contradictory results. A cross-sectional study performed by Jouibari et al. (19) discovered that the NP group, among individuals with cervical lordosis, had a lower C2-7 SVA and T1 slope angle as compared to the healthy control group. This could be a compensatory action to bring the center of gravity of the head back to the spinal axis by reducing T1 slope and C2-7 SVA. However, this phenomenon varies significantly in patients with cervical kyphosis. Li et al. (24) found that the compensation mechanism of the posterior neck muscles facilitates the maintenance of cervical sagittal balance when accompanied with a lower T1 slope and smaller C2-7 SVA. Conversely, a larger C2-7 SVA with a higher T1 slope leads to a cervical malalignment that cannot be fully compensated and eventually causes NP. Therefore, a possible reason for not observing discrepancies is that the values of the cervical sagittal parameters might vary, depending on the type of cervical alignment and its associated compensation mechanism (70). Consequently, these dissimilarities cannot be detected in an unclassified sample. In addition, cervical sagittal parameter changes involve a complex compensatory mechanism that may be affected by both cervical spine degeneration and the alignment of the entire spine, including thoracic kyphosis, lumbar lordosis, and sacral slope (71–73). Thus, the compensatory site of sagittal balance in NP patients might primarily occur in the thoracic, lumbar, or pelvic segments rather than the cervical segment.

In our study, the modified method of Toyama et al. (47) was used to classify cervical sagittal alignment into four subtypes. It was found that approximately half of the individuals in each subtype did not experience NP or were subclinical in the previous 12 months, which is in accordance with several previous studies (74, 75). Although these studies utilized different classification methods, the findings suggest that NP symptoms were only slightly more common in non-lordotic subtypes than in lordotic subtypes, and that the type of cervical kyphosis was not a significant risk factor for NP (24). However, a study by Moon et al. (15) found a significant association between cervical alignment and NP in pilots. Pilots with cervical kyphosis had a significantly higher incidence of NP (81.8%) compared to those with lordosis (41.7%) or straight cervical spine (50%). These inconsistent findings suggest that the conventional view of the “normal” lordotic cervical spine (76) may not be universally applicable and that the natural sagittal alignment of the cervical spine may be morphologically diverse. An alternative viewpoint maintains that cervical misalignments always represent a pathological condition, and the lack of symptoms may indicate that the relationship between misalignment and symptoms has not yet had sufficient time to manifest. For instance, a kyphotic cervical spine increases the likelihood of developing NP due to the extra load on the neck muscles that support the weight of the head (77, 78). The compensatory response to increased load is based on excessive muscle contraction and increased tension in the small joints of the spine and intervertebral disks. This mechanism can further accelerate the progression of spinal degeneration, leading to a series of related clinical symptoms including NP, low back pain, and shoulder pain (79).

Spinal balance goes beyond the fixed morphological alignment of vertebrae in momentary imaging, and it should be regarded as a synergistic somatic balance of the nervous, muscular, and skeletal systems. We suggest that future studies on NP measure not only traditional static radiographic parameters but also precise dynamic indicators such as neuromuscular coordination, functional tasks, muscle fatigability, muscle size, kinematics, and kinetics. These additional measurements would enable a more thorough assessment of the predictive and interventional implications for NP. It is also important to note that pilots with misaligned cervical spines may still face a higher risk of experiencing more severe and frequent NP under high G-forces, such as during air combat maneuvers, or even cervical spine fractures during ejection, which could lead to paralysis. Thus, early identification of pilots with cervical pathology and special attention to their spinal health is essential. Furthermore, future research should explore the impact of upgraded equipment configurations on the frequency of NP. Implementation of lightweight head-mounted gear, protective anti-G ejection seats, and rocket-powered multi-propulsion systems may considerably enhance prevention and reduce neck injuries in military pilots.



4.7. Limitations

This study provides new insights into occupational NP among Chinese Air Force pilots and advances our comprehension of musculoskeletal disorders for aeromedical researchers. However, the study has some limitations to be considered. Firstly, our study may be affected by the imprecision of the prior statistical power analysis used to determine the optimal sample size. This is due to the limited research and data available on cervical sagittal characteristics in this military population using cross-sectional methodology. Although the participants came from different Air Force units and were distributed evenly across Chinese military theaters, the generalizability of the findings to the larger population of military pilots may be limited by the inability to identify the entire study population and sample distribution, as well as the relatively small sample size. Therefore, future studies with larger sample sizes and random sampling are needed. Secondly, the cross-sectional nature of the study does not allow for the determination of causality, as there is generally no evidence of the temporal relationship between risk factors and outcomes. Long-term longitudinal studies are necessary to evaluate the root causes of NP in military pilots. Thirdly, this study formed part of a more extensive research initiative, and the implementation of a standardized questionnaire during participant interviews may have resulted in the absence of particular sought-after information, including the frequency, severity, and length of musculoskeletal symptoms. Thus, future research ought to consider these facets along with symptoms originating from other bodily regions, such as hips, knees, and ankles. Additionally, the survey study should be enhanced in the succeeding phase of the intervention study by incorporating information pertaining to physical activity levels, both active and unhealthy lifestyle practices, mobility and flexibility factors, and medical consultation-seeking behavior. Finally, we measured cervical sagittal balance by taking a lateral radiograph of the cervical spine without obtaining global spinal sagittal measurements. Therefore, we were unable to determine the reciprocal influence of other spinal regions, such as the thoracic and lumbar spine. In future studies, we plan to include lateral radiographs of the entire spine to accurately measure the alignment of the spine and determine the relationship between NP and sagittal characteristics.




5. Conclusion

The 12-month prevalence of NP is high among Chinese male fighter pilots. Pilots experiencing low back pain and shoulder pain have a heightened risk of NP. The relationship between shoulder and low back pain and NP warrants further investigation as part of a holistic approach to musculoskeletal injury prevention. Continuous flight training schedules have a significant negative impact on pilots’ neck health. Optimizing training schedules to improve rest and prevent fatigue could potentially reduce NP in this occupation. It may be insufficient to predict the incidence of NP in fighter pilots based solely on sagittal characteristics of the cervical spine. Further elaboration of the integrated somatic balance and its compensatory mechanisms may enhance research into the causes of NP.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Air Force Medical Center of the PLA (No. 2023-11-PJ01). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

FY, ZW, HoZ, and BX: methodology, investigation, data curation, formal analysis, visualization, writing-original draft, and writing-review and editing. HuZ, LG, and TeL: methodology, supervision, validation, and writing-review and editing. JZ, ZC, TiL, and XH: investigation, formal analysis, and validation. YC and JD: conceptualization, methodology, project administration, funding acquisition, supervision, and writing-review and editing. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Research Fund of Army Logistics Priority of the PLA (BKJ20J004) and the Army Medical University Clinical Technology Innovation and Cultivation Project (CX2019JS219).



Acknowledgments

The authors wish to thank all of the participating pilots. Furthermore, we appreciate the technical assistance provided during the study by Yihua Kang and Shiben Zhu.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1226930/full#supplementary-material



References

 1. Yang, Y, Liu, S, Ling, M, and Ye, C. Prevalence and potential risk factors for occupational low Back pain among male military pilots: a study based on questionnaire and physical function assessment. Front Public Health. (2021) 9:744601. doi: 10.3389/fpubh.2021.744601 

 2. Cohen, SP, Gallagher, RM, Davis, SA, Griffith, SR, and Carragee, EJ. Spine-area pain in military personnel: a review of epidemiology, etiology, diagnosis, and treatment. Spine J. (2012) 12:833–42. doi: 10.1016/j.spinee.2011.10.010 

 3. Lange, B, Torp-Svendsen, J, and Toft, P. Neck pain among fighter pilots after the introduction of the Jhmcs helmet and Nvg in their environment. Aviat Space Environ Med. (2011) 82:559–63. doi: 10.3357/ASEM.2935.2011 

 4. Verde, P, Trivelloni, P, Angelino, G, Morgagni, F, and Tomao, E. Neck pain in F-16 vs. typhoon fighter pilots. Aerosp Med Hum Perform. (2015) 86:402–6. doi: 10.3357/AMHP.4063.2015 

 5. Honkanen, T, Sovelius, R, Mäntysaari, M, Kyröläinen, H, Avela, J, and Leino, TK. +Gz exposure and spinal injury-induced flight duty limitations. Aerosp Med Hum Perform. (2018) 89:552–6. doi: 10.3357/AMHP.4999.2018 

 6. Mathys, R, and Ferguson, SJ. Simulation of the effects of different pilot helmets on neck loading during air combat. J Biomech. (2012) 45:2362–7. doi: 10.1016/j.jbiomech.2012.07.014 

 7. Lecompte, J, Maisetti, O, Guillaume, A, Skalli, W, and Portero, P. Neck strength and Emg activity in fighter pilots with episodic neck pain. Aviat Space Environ Med. (2008) 79:947–52. doi: 10.3357/ASEM.2167.2008 

 8. Mastalerz, A, Maruszyńska, I, Kowalczuk, K, Garbacz, A, and Maculewicz, E. Pain in the cervical and lumbar spine as a result of high G-force values in military pilots-a systematic review and Meta-analysis. Int J Environ Res Public Health. (2022) 19:13413. doi: 10.3390/ijerph192013413 

 9. Fejer, R, Kyvik, KO, and Hartvigsen, J. The prevalence of neck pain in the world population: a systematic critical review of the literature. Eur Spine J. (2006) 15:834–48. doi: 10.1007/s00586-004-0864-4 

 10. Riches, A, Spratford, W, Witchalls, J, and Newman, P. A systematic review and Meta-analysis about the prevalence of neck pain in fast jet pilots. Aerosp Med Hum Perform. (2019) 90:882–90. doi: 10.3357/AMHP.5360.2019 

 11. Thoolen, SJ, and van den Oord, MH. Modern air combat developments and their influence on neck and Back pain in F-16 pilots. Aerosp Med Hum Perform. (2015) 86:936–41. doi: 10.3357/AMHP.4303.2015 

 12. Miller, CA, Boulter, JH, Coughlin, DJ, Rosner, MK, Neal, CJ, and Dirks, MS. Return-to-active-duty rates after anterior cervical spine surgery in military pilots. Neurosurg Focus. (2018) 45:E10. doi: 10.3171/2018.9.FOCUS18380 

 13. O’Conor, DK, Dalal, S, Ramachandran, V, Shivers, B, Shender, BS, and Jones, JA. Crew-friendly countermeasures against musculoskeletal injuries in aviation and spaceflight. Front Physiol. (2020) 11:837. doi: 10.3389/fphys.2020.00837

 14. Espejo-Antúnez, L, Fernández-Morales, C, Moreno-Vázquez, JM, Tabla-Hinojosa, FB, Cardero-Durán, M, and Albornoz-Cabello, M. Assessment from a biopsychosocial approach of flight-related neck pain in fighter pilots of Spanish air force. An observational study. Diagnostics. (2022) 12:233. doi: 10.3390/diagnostics12020233

 15. Moon, BJ, Choi, KH, Yun, C, and Ha, Y. Cross-sectional study of neck pain and cervical sagittal alignment in air force pilots. Aerosp Med Hum Perform. (2015) 86:445–51. doi: 10.3357/AMHP.4123.2015 

 16. Bahat, HS, German, D, Palomo, G, Gold, H, and Nir, YF. Self-kinematic training for flight-associated neck pain: a randomized controlled trial. Aerosp Med Hum Perform. (2020) 91:790–7. doi: 10.3357/AMHP.5546.2020 

 17. Wallace, JB, Newman, PM, McGarvey, A, Osmotherly, PG, Spratford, W, and Gabbett, TJ. Factors associated with neck pain in fighter aircrew: a systematic review and meta-analysis. Occup Environ Med. (2021) 78:900–12. doi: 10.1136/oemed-2020-107103 

 18. Bolling, C, van Mechelen, W, Pasman, HR, and Verhagen, E. Context matters: revisiting the first step of the ‘Sequence of Prevention’ of sports injuries. Sports Med. (2018) 48:2227–34. doi: 10.1007/s40279-018-0953-x 

 19. Jouibari, MF, Le Huec, JC, Ranjbar Hameghavandi, MH, Moghadam, N, Farahbakhsh, F, Khadivi, M , et al. Comparison of cervical sagittal parameters among patients with neck pain and healthy controls: a comparative cross-sectional study. Eur Spine J. (2019) 28:2319–24. doi: 10.1007/s00586-019-06117-8 

 20. Attiah, M, Gaonkar, B, Alkhalid, Y, Villaroman, D, Medina, R, Ahn, C , et al. Natural history of the aging spine: a cross-sectional analysis of spinopelvic parameters in the asymptomatic population. J Neurosurg Spine. (2019) 32:63–8. doi: 10.3171/2019.7.SPINE181164 

 21. Ames, CP, Blondel, B, Scheer, JK, Schwab, FJ, Le Huec, JC, Massicotte, EM , et al. Cervical radiographical alignment: comprehensive assessment techniques and potential importance in cervical myelopathy. Spine (Phila Pa 1976). (2013) 38:S149–60. doi: 10.1097/BRS.0b013e3182a7f449 

 22. Le Huec, JC, Thompson, W, Mohsinaly, Y, Barrey, C, and Faundez, A. Sagittal balance of the spine. Eur Spine J. (2019) 28:1889–905. doi: 10.1007/s00586-019-06083-1 

 23. McAviney, J, Schulz, D, Bock, R, Harrison, DE, and Holland, B. Determining the relationship between cervical lordosis and neck complaints. J Manip Physiol Ther. (2005) 28:187–93. doi: 10.1016/j.jmpt.2005.02.015 

 24. Li, J, Zhang, D, and Shen, Y. Impact of cervical sagittal parameters on axial neck pain in patients with cervical kyphosis. J Orthop Surg Res. (2020) 15:434. doi: 10.1186/s13018-020-01909-x

 25. Norman, KS, Goode, AP, Alvarez, C, Hu, D, George, SZ, Schwartz, TA , et al. Association of Biomarkers with individual and multiple body sites of pain: the Johnston County osteoarthritis project. J Pain Res. (2022) 15:2393–404. doi: 10.2147/jpr.S365187

 26. McLean, SM, May, S, Klaber-Moffett, J, Sharp, DM, and Gardiner, E. Risk factors for the onset of non-specific neck pain: a systematic review. J Epidemiol Community Health. (2010) 64:565–72. doi: 10.1136/jech.2009.090720 

 27. Carroll, LJ, Hogg-Johnson, S, van der Velde, G, Haldeman, S, Holm, LW, Carragee, EJ , et al. Course and prognostic factors for neck pain in the general population: results of the bone and joint decade 2000-2010 task force on neck pain and its associated disorders. J Manip Physiol Ther. (2009) 32:S87–96. doi: 10.1016/j.jmpt.2008.11.013 

 28. Tucker, B, Netto, K, Hampson, G, Oppermann, B, and Aisbett, B. Predicting neck pain in Royal Australian air Force Fighter Pilots. Mil Med. (2012) 177:444–50. doi: 10.7205/MILMED-D-11-00256 

 29. Hermes, ED, Webb, TS, and Wells, TS. Aircraft type and other risk factors for spinal disorders: data from 19,673 military cockpit aircrew. Aviat Space Environ Med. (2010) 81:850–6. doi: 10.3357/ASEM.2225.2010 

 30. Wagstaff, AS, Jahr, KI, and Rodskier, S. +Gz-induced spinal symptoms in fighter pilots: operational and individual associated factors. Aviat Space Environ Med. (2012) 83:1092–6. doi: 10.3357/ASEM.3146.2012 

 31. Chumbley, EM, Stolfi, A, and McEachen, JC. Risk factors for cervical pain in F-15c pilots. Aerosp Med Hum Perform. (2017) 88:1000–7. doi: 10.3357/AMHP.4848.2017 

 32. De Loose, V, Van den Oord, M, Burnotte, F, Van Tiggelen, D, Stevens, V, Cagnie, B , et al. Functional assessment of the cervical spine in F-16 pilots with and without neck pain. Aviat Space Environ Med. (2009) 80:477–81. doi: 10.3357/ASEM.2408.2009 

 33. De Loose, V, Van den Oord, M, Keser, I, Burnotte, F, Van Tiggelen, D, Dumarey, A , et al. Mri study of the morphometry of the cervical musculature in F-16 pilots. Aviat Space Environ Med. (2009) 80:727–31. doi: 10.3357/ASEM.2389.2009 

 34. Kollock, RO, Games, KE, Wilson, AE, and Sefton, JM. Vehicle exposure and spinal musculature fatigue in military warfighters: a Meta-analysis. J Athl Train. (2016) 51:981–90. doi: 10.4085/1062-6050-51.9.13 

 35. Kollock, R, Games, K, Wilson, AE, and Sefton, JM. Effects of vehicle-ride exposure on cervical pathology: a meta-analysis. Ind Health. (2015) 53:197–205. doi: 10.2486/indhealth.2014-0156 

 36. Kuorinka, I, Jonsson, B, Kilbom, A, Vinterberg, H, Biering-Sørensen, F, Andersson, G , et al. Standardised nordic questionnaires for the analysis of musculoskeletal symptoms. Appl Ergon. (1987) 18:233–7. doi: 10.1016/0003-6870(87)90010-X 

 37. Guzman, J, Hurwitz, EL, Carroll, LJ, Haldeman, S, Côté, P, Carragee, EJ , et al. A new conceptual model of neck pain: linking onset, course, and care: the bone and joint decade 2000-2010 task force on neck pain and its associated disorders. Spine. (2008) 33:S14–23. doi: 10.1097/BRS.0b013e3181643efb 

 38. Carreon, LY, Smith, CL, Dimar, JR 2nd, and Glassman, SD. Correlation of cervical sagittal alignment parameters on full-length spine radiographs compared with dedicated cervical radiographs. Scoliosis Spinal Disord. (2016) 11:12. doi: 10.1186/s13013-016-0072-0

 39. Staub, BN, Lafage, R, Kim, HJ, Shaffrey, CI, Mundis, GM, Hostin, R , et al. Cervical mismatch: the normative value of T1 slope minus cervical lordosis and its ability to predict ideal cervical lordosis. J Neurosurg Spine. (2018) 30:31–7. doi: 10.3171/2018.5.SPINE171232 

 40. Yan, YZ, Shao, ZX, Pan, XX, Chen, SQ, Wu, AM, Tian, NF , et al. Acceptable Chin-brow vertical angle for neutral position radiography: preliminary analyses based on parameters of the whole sagittal spine of an asymptomatic Chinese population. World Neurosurg. (2018) 120:e488–96. doi: 10.1016/j.wneu.2018.08.109 

 41. Han, SM, Wen, JX, Cao, L, Wu, HZ, Liu, C, Yang, C , et al. Sagittal morphology of the cervical spine in adolescent idiopathic scoliosis: a retrospective case-control study. Quant Imag Med Surg. (2022) 12:3049–60. doi: 10.21037/qims-21-902 

 42. Xu, C, Zhang, Y, Dong, M, Wu, H, Yu, W, Tian, Y , et al. The relationship between preoperative cervical sagittal balance and clinical outcome of Laminoplasty treated cervical ossification of the posterior longitudinal ligament patients. Spine J. (2020) 20:1422–9. doi: 10.1016/j.spinee.2020.05.542 

 43. Hu, L, Lv, Y, and Lin, Y. Correlations and age-related changes of cervical sagittal parameters in adults without symptoms of cervical spinal disease. Spine. (2020) 45:E1542.e8. doi: 10.1097/BRS.0000000000003680 

 44. Lee, SH, Kim, KT, Seo, EM, Suk, KS, Kwack, YH, and Son, ES. The influence of thoracic inlet alignment on the craniocervical sagittal balance in asymptomatic adults. J Spinal Disord Tech. (2012) 25:E41–7. doi: 10.1097/BSD.0b013e3182396301 

 45. Le Huec, JC, Demezon, H, and Aunoble, S. Sagittal parameters of global cervical balance using Eos imaging: normative values from a prospective cohort of asymptomatic volunteers. Eur Spine J. (2015) 24:63–71. doi: 10.1007/s00586-014-3632-0 

 46. Koo, TK, and Li, MY. A guideline of selecting and reporting Intraclass correlation coefficients for reliability research. J Chiropr Med. (2016) 15:155–63. doi: 10.1016/j.jcm.2016.02.012 

 47. Ohara, A, Miyamoto, K, Naganawa, T, Matsumoto, K, and Shimizu, K. Reliabilities of and correlations among five standard methods of assessing the sagittal alignment of the cervical spine. Spine. (2006) 31:2585–91. doi: 10.1097/01.brs.0000240656.79060.18 

 48. Landis, JR, and Koch, GG. The measurement of observer agreement for categorical data. Biometrics. (1977) 33:159–74. doi: 10.2307/2529310 

 49. Faul, F, Erdfelder, E, Buchner, A, and Lang, AG. Statistical power analyses using G*power 3.1: tests for correlation and regression analyses. Behav Res Methods. (2009) 41:1149–60. doi: 10.3758/BRM.41.4.1149 

 50. Lin, Y, Zhang, X, Li, H, Huang, Y, Zhang, W, and Zhang, C. Musculoskeletal pain is prevalent in Chinese medical and dental students: a cross-sectional study. Front Public Health. (2022) 10:1046466. doi: 10.3389/fpubh.2022.1046466

 51. McHugh, ML. The Chi-Square test of Independence. Biochem Med. (2013) 23:143–9. doi: 10.11613/bm.2013.018 

 52. Lange, B, Toft, P, Myburgh, C, and Sjøgaard, G. Effect of targeted strength, endurance, and coordination exercise on neck and shoulder pain among fighter pilots: a randomized-controlled trial. Clin J Pain. (2013) 29:50–9. doi: 10.1097/AJP.0b013e3182478678 

 53. Kang, S, Hwang, S, Lee, ET, Yang, S, and Park, J. Measuring the cumulative effect of G force on aviator neck pain. Aviat Space Environ Med. (2011) 82:1042–8. doi: 10.3357/ASEM.3065.2011 

 54. De Loose, V, Van den Oord, M, Burnotte, F, Van Tiggelen, D, Stevens, V, Cagnie, B , et al. Individual, work-, and flight-related issues in F-16 pilots reporting neck pain. Aviat Space Environ Med. (2008) 79:779–83. doi: 10.3357/ASEM.2285.2008 

 55. Tegern, M, Aasa, U, Äng, BO, and Larsson, H. Musculoskeletal disorders and their associations with health- and work-related factors: a cross-sectional comparison between Swedish air force personnel and Army soldiers. BMC Musculoskelet Disord. (2020) 21:303. doi: 10.1186/s12891-020-03251-z

 56. Vanderbeek, RD. Period prevalence of acute neck injury in U.S. air Force pilots exposed to high G forces. Aviat Space Environ Med. (1988) 59:1176–80.

 57. Ang, B, Linder, J, and Harms-Ringdahl, K. Neck strength and myoelectric fatigue in fighter and helicopter pilots with a history of neck pain. Aviat Space Environ Med. (2005) 76:375–80.

 58. Hogg-Johnson, S, van der Velde, G, Carroll, LJ, Holm, LW, Cassidy, JD, Guzman, J , et al. The burden and determinants of neck pain in the general population: results of the bone and joint decade 2000-2010 task force on neck pain and its associated disorders. Spine. (2008) 33:S39–51. doi: 10.1097/BRS.0b013e31816454c8 

 59. Bohman, T, Holm, LW, Lekander, M, Hallqvist, J, and Skillgate, E. Influence of work ability and smoking on the prognosis of long-duration activity-limiting neck/Back pain: a cohort study of a Swedish working population. BMJ Open. (2022) 12:e054512. doi: 10.1136/bmjopen-2021-054512 

 60. Heng, W, Wei, F, Liu, Z, Yan, X, Zhu, K, Yang, F , et al. Physical exercise improved muscle strength and pain on neck and shoulder in military pilots. Front Physiol. (2022) 13:973304. doi: 10.3389/fphys.2022.973304 

 61. Sovelius, R, Mäntylä, M, Heini, H, Oksa, J, Valtonen, R, Tiitola, L , et al. Joint helmet-mounted cueing system and neck muscle activity during air combat maneuvering. Aerosp Med Hum Perform. (2019) 90:834–40. doi: 10.3357/AMHP.5281.2019 

 62. Grossman, A, Nakdimon, I, Chapnik, L, and Levy, Y. Back symptoms in aviators flying different aircraft. Aviat Space Environ Med. (2012) 83:702–5. doi: 10.3357/ASEM.3225.2012 

 63. Shiri, R, Frilander, H, Sainio, M, Karvala, K, Sovelius, R, Vehmas, T , et al. Cervical and lumbar pain and radiological degeneration among fighter pilots: a systematic review and Meta-analysis. Occup Environ Med. (2015) 72:145–50. doi: 10.1136/oemed-2014-102268 

 64. Grob, D, Frauenfelder, H, and Mannion, AF. The association between cervical spine curvature and neck pain. Eur Spine J. (2007) 16:669–78. doi: 10.1007/s00586-006-0254-1 

 65. Gay, RE. The curve of the cervical spine: variations and significance. J Manip Physiol Ther. (1993) 16:591–4.

 66. Kumagai, G, Ono, A, Numasawa, T, Wada, K, Inoue, R, Iwasaki, H , et al. Association between roentgenographic findings of the cervical spine and neck symptoms in a Japanese community population. J Orthop Sci. (2014) 19:390–7. doi: 10.1007/s00776-014-0549-8 

 67. Matsumoto, M, Fujimura, Y, Suzuki, N, Toyama, Y, and Shiga, H. Cervical curvature in acute whiplash injuries: prospective comparative study with asymptomatic subjects. Injury. (1998) 29:775–8. doi: 10.1016/S0020-1383(98)00184-3 

 68. Nagata, K, Ishimoto, Y, Nakao, S, Fujiwara, S, Matsuoka, T, Kitagawa, T , et al. Factors associated with neck and shoulder pain in volunteers. Spine Surg Relat Res. (2018) 2:177–85. doi: 10.22603/ssrr.2017-0079 

 69. Christensen, ST, and Hartvigsen, J. Spinal curves and health: a systematic critical review of the epidemiological literature dealing with associations between sagittal spinal curves and health. J Manip Physiol Ther. (2008) 31:690–714. doi: 10.1016/j.jmpt.2008.10.004 

 70. Teo, AQA, Thomas, AC, and Hey, HWD. Sagittal alignment of the cervical spine: do we know enough for successful surgery? J Spine Surg. (2020) 6:124–35. doi: 10.21037/jss.2019.11.18 

 71. Hey, HWD, Tan, KA, Chin, BZ, Liu, G, and Wong, HK. Comparison of whole body sagittal alignment during directed vs natural, relaxed standing postures in young. Healthy Adults Spine J. (2019) 19:1832–9. doi: 10.1016/j.spinee.2019.06.017 

 72. Tokida, R, Uehara, M, Ikegami, S, Takahashi, J, Nishimura, H, Sakai, N , et al. Association between sagittal spinal alignment and physical function in the Japanese general elderly population: a Japanese cohort survey randomly sampled from a basic resident registry. J Bone Joint Surg Am. (2019) 101:1698–706. doi: 10.2106/JBJS.18.01384 

 73. Yokoyama, K, Kawanishi, M, Yamada, M, Tanaka, H, Ito, Y, Kawabata, S , et al. Age-related variations in global spinal alignment and sagittal balance in asymptomatic Japanese adults. Neurol Res. (2017) 39:414–8. doi: 10.1080/01616412.2017.1296654 

 74. Beltsios, M, Savvidou, O, Mitsiokapa, EA, Mavrogenis, AF, Kaspiris, A, Efstathopoulos, N , et al. Sagittal alignment of the cervical spine after neck injury. Eur J Orthop Surg Traumatol. (2013) 23:S47–51. doi: 10.1007/s00590-012-0966-3

 75. An, Y, Li, J, Li, Y, and Shen, Y. Characteristics of Modic changes in cervical kyphosis and their association with axial neck pain. J Pain Res. (2017) 10:1657–61. doi: 10.2147/jpr.S138361

 76. Harrison, DD, Troyanovich, SJ, Harrison, DE, Janik, TJ, and Murphy, DJ. A normal sagittal spinal configuration: a desirable clinical outcome. J Manip Physiol Ther. (1996) 19:398–405.

 77. Tang, JA, Scheer, JK, Smith, JS, Deviren, V, Bess, S, Hart, RA , et al. The impact of standing regional cervical sagittal alignment on outcomes in posterior cervical fusion surgery. Neurosurgery. (2012) 71:662–9. doi: 10.1227/NEU.0b013e31826100c9 

 78. Okada, E, Matsumoto, M, Ichihara, D, Chiba, K, Toyama, Y, Fujiwara, H , et al. Does the sagittal alignment of the cervical spine have an impact on disk degeneration? Minimum 10-year follow-up of asymptomatic volunteers. Eur Spine J. (2009) 18:1644–51. doi: 10.1007/s00586-009-1095-5 

 79. Iorio, J, Lafage, V, Lafage, R, Henry, JK, Stein, D, Lenke, LG , et al. The effect of aging on cervical parameters in a normative north American population. Glob Spine J. (2018) 8:709–15. doi: 10.1177/2192568218765400 



OPS/images/fpubh-11-1226930-t003.jpg
Total (N = 185) NP group Non-NP group  Cohen’s d or p value

(N =96) (N=89) Cramer's V

Cervical sagittal parameter

0-C2 angle (deg) 151266 156264 145267 0.163 0.269"
C1-C2 angle (deg) 25458 248459 241457 0133 0369
C1-C7 angle (deg) 288491 20499 285483 0.061 0.681°
C1-C7 SVA (mm) 375107 3ax1LL 3415104 0.069 0641°
C2:C7 angle (deg) 51295 51498 51292 0.002 0987
€2:C7 SVA (mm) 18686 183289 189284 0070 0.636"
C7slope (deg) 175266 17.2452 17878 0.087 0554
Neck tilt (deg) 463261 461454 465+68 0.059 069
TIA (deg) 678475 677467 68.0£8.4 0041 0780°
T slope (deg) 215454 25452 215452 0,009 0953
TIS-CL (deg) 164277 164278 163277 0.004 0978
Cervical ilting (deg) 185459 187463 183254 0.067 0648
Cranial tilting (deg) 30243 28443 33243 ons 044

Cervical sagittal subtype

Lordotic subtype () 61(33.0%) 29 (47.5%) 32(525%) 0.074 001"
Straight subtype (1) 80 (43.2%) 43 (53.8%) 37 (46.2%)
Sigmoid subtype (n) 20 (10.8%) 10(50.0%) 10 (50.0%)
Kyphotic subtype () 24(13.0%) 14/(58.3%) 10 (41.7%)
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Current smoking (Yes vs. No) 1694 (0.928-3.095) 0.086
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Shoulder pain (Yes vs. No) 13.844 (5.800-33.043) <0.001 11.891 (4.671-30.268) <0.001
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Sigmoid subtype (vs. Lordotic subtype) 1103 (0.402-3.031) 0.849
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COR, Crude odds ratio; AOR, Adjusted odds ratio; CI, Confidence interval.
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Parameter  Definition

0-C2angle “The angle between McGregor’s line (the line connecting posterior edge of the hard palate to the opisthion) and the lower endplate of C2.

C1-C2angle “The angle between the line connecting the inferior anterior arch and the infrior posterior arch of C1 and the infrior endplate of C2.

C1-C7 angle “The angle between the line connecting the inferior anterior arch and the inferior posterior arch of C1 and the inferior endplate of C7.

C1-C7$VA “The distance from the posterosuperior corner of C7 and the perpendicular to the center of the anterior edge of the C1 body:

C27angle “The angle between the C2 lower endplate and the C7 lower endplate. The C2-7 angle s also referred to as C2-7 lordosis (CL).

C275VA “The distance from the posterosuperior corner of C7 and the perpendicular to the center of the C2 body.

C7slope “The angle between a horizontal line and the upper endplate of C7.

Tislope (T1S) | The angle between a horizontalline and the superior endplate of T1 on a standing lteral radiograph (T18=cervical tilting + cranial tilting).

Neck tilt (NT)  The angle betuween the line connecting the center of the T1 upper endplate and the top of the sternum and the vertical line extending from the sternum
tip.

‘Thoracic inlet “The angle between the line connecting the center of the T1 superior endplate and the top of the sternum and the vertical line extending from the center

angle (TIA) of the T1 superior endplate (TIA=T1S+NT).

Cervicaltiting  The angle between the line through and perpendicular to the center of the T1 upper plate and the line from the center of the T1 upper plate to the tip of
the dens.

Cranial tlting | The angle betuween the line from the center of the T1 upper endplate to the dens and the perpendicular through the center of the T1 upper endplate.

TIS-CL “The T1S minus the C2-7 lordosis (CL).

0-C2, Occiput-C2; SVA, Sagittal vertical axis; and CL, C2-7 lordosis.
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(N =96) (N=89) Cramer's V
Demographic data
Age (year) 285460 288556 281464 0124 0.400°
Height (cm) 1738436 1739438 1737434 0.043 0772
Weight (kg) 708£7.1 71374 70367 0137 0352
BMI (kg/m?) 234521 25521 233420 0127 0389
<24kg/m? (n) 116 (62.7%) 59(50.9%) 57 (49.1%)
> 24kg/m’ (n) 69 (37.3%) 37 (53.6%) 32 (46.4%)

Current smoking

Yes (n) 70 (37.8%) 42(60.0%) 28 (40.0%)
0127 0.085"
No (n) 115 (62.2%) 54.(47.0%) 61(53.0%)
Occupational data
Total flying hours (h) 99658356 1041448215 948.148526 012 0.449°
Annual lying hours (h) 15194343 1563£355 147.2£326 0.269 0.069°
<150h (n) 88 (47.6%) 44 (50.0%) 44 (50.0%)
> 150h () 97 (52.4%) 52(53.6%) 45 (46.4%)
Continuous flight training
Yes (n) 106 (57.3%) 73 (68.9%) 33 (311%)
0394 <0.001°
No () 79 (42.7%) 23(29.1%) 56 (70.9%)
Pain in other body areas
Shoulder pain
Yes (n) 59 (31.9%) 52 (88.1%) 7(11.9%)
0496 <0.001°
No (1) 126 (68.1%) 44 (34.9%) 82(65.1%)
Low back pain
Yes (n) 72(389) 48(66.7) 24(33.3)
0236 0.001°
No (n) 13 (611) 48 (42.5) 65(57.5)

‘Independent two-sample f-test was used; "Chi-square test was used.
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