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Summary 

The North Atlantic Treaty Organization Human Factors and Medicine Research Task 

Group Panel 252 (NATO HFM RTG-252) was approved in December 2013 to address the issue 

of aircrew neck pain prevention and management in military populations. 

As members of the NATO HFM RTG-252 panel, the U.S. Army Aeromedical Research 

Laboratory (USAARL), in conjunction with the U.S. Naval Air Warfare Center Aircraft Division 

(NAWCAD), examined the effects of a progressive six-week cervical spine-directed resistance 

band exercise regimen on cervical spine range of motion, isometric strength, and muscular 

control. 

Subjects performed five resistance band exercises for two sets of 10-15 repetitions once a 

day, five days a week, for six weeks. The cervical spine range of motion (CROM) increased 

significantly in all measured planes. Isometric strength increased for both flexion and extension, 

but only extension was found to be statistically significant. Muscular control for both flexion and 

extension increased significantly. The findings of this study demonstrate that this cervical spine- 

directed resistance band exercise regimen is an effective training method for increasing CROM, 

isometric strength, and muscular control. Future work will leverage these findings to develop and 

incorporate operationally-specific training and treatment interventions to optimize Soldier 

performance. 
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Introduction 

In the general population, neck pain has been associated with advanced age, previous 

pain episodes, pain in other regions of the body, psychological factors, and vocational factors 

(Äng & Harms-Ringdahl, 2006). Neck pain had a point prevalence of 4.9% and ranked 4th in 

terms of “years lost to disability” in a recent survey of global disease (Hoy et al., 2014). The 

prevalence of neck pain is even greater within the U.S. Military, with recent reviews of the 

Defense Medical Surveillance System (DMSS) database showing intervertebral disc and cervical 

spine disorders among the top ten ambulatory diagnoses for all military services. Furthermore, 

reports show that neck pain is even more prevalent (43-48%) in rotary-wing pilots within the 

U.S. Military, of which approximately 20% experienced recurring or continuous neck pain (Van 

den Oord et al., 2010; Bridger et al., 2002). 

Considerable research has been conducted on exposure limits for Soldiers wearing 

increased head-supported mass (HSM) because of its potential to impact health, readiness, and 

performance (LaFiandra et al., 2007; Madison, 2019; Fraser et al., 2006; Butler & Alem, 1997; 

Alem et al., 1995). The increased stress placed on the cervical spine can lead to a rapid onset of 

musculoskeletal fatigue, pain, and potential long-term degenerative changes (Froom et al., 1984; 

Hamalainen et al., 1999; Hamalainen et al., 1996; Landau et al., 2006; Pippig & Kriebel, 2000). 

As a result, research aims have generally focused on acute (e.g., crash-related) injury exposure, 

computer modeling of neck anatomy and injury mechanisms, and performance decrement risk. 

While limiting exposure to increased HSM by specifying allowable helmet weight and center of 

mass is useful to system developers, medical personnel need better guidance regarding 

operational prevention techniques and various treatment options for neck pain and injury in 

aviators. 

Preventive strategies for neck injury relevant to the operational aviation environment 

include training and equipment countermeasures. Training countermeasures may include neck 

exercise or flexibility programs, while equipment countermeasures could include cervical braces 

or collars that are intended to off-load HSM from the neck. Although there have been published 

studies examining these strategies (e.g., Äng et al., 2006; Berg et al., 1994; Hämäläinen et al., 

1998; Alricsson et al., 2004; Burnett et al., 2005; Nagai et al., 2014), there are conflicting data 

concerning the protective nature of exercise, no standardized training regimen, no adopted 

guidelines, and limited awareness of these studies or the remaining research gaps. 

Participation in a supervised neck and shoulder exercise regimen has proven effective in 

reducing the prevalence of neck pain cases in operational helicopter pilots (Äng et al., 2006). 

However, reduced sternocleidomastoid muscle (i.e., neck flexor) activity was reported. 

Increasing cervical spine musculature strength has been shown to decrease neck pain in clinical 

settings (Berg et al., 1994) and improve muscle performance in aviators (Hämäläinen et al., 

1998; Alricsson et al., 2004). Previous studies on cervical spine-directed exercise regimens do 

not include rotational loading and generally start from a neutral position (Burnett et al., 2005), 

which fails to incorporate the full musculature range of motion. Reports have shown reduced 

cervical spine range of motion (CROM) in patients with a history of neck pain, especially in 

extension and rotation (Nagai et al., 2014); however, CROM is not commonly reported in 

cervical spine-directed exercise regimens (Bennett et al., 2002; Burnett et al., 2005; Nagai et al., 

2014, Äng, et al. 2006; Highland et al., 1992; Geary et al., 2014; Conley et at., 1997; Ylinen et 



2 

al., 2006; Leggett et al., 1991; Murray et al., 2017; Falla et al., 2007; Hyrsomallis, 2016; 

Harrison et al., 2016; Thuresson et al., 2003; Häkkinen & Komi, 1983; Moritani & de Vries., 

1979; De Luca & Contessa, 2015; Hill et al., 2016; Smith, 2016; Basmajian & De Luca, 1985; 

Smith et al., 2017; Jenkins et al., 2015a; Jenkins et al., 2015b). 

Because aviator neck pain is a well-documented problem with an international scope, the 

North Atlantic Treaty Organization Human Factors and Medicine Research Task Group Panel 

252 (NATO HFM RTG-252) was approved in December 2013 to address aircrew neck pain 

prevention and management in military populations. The overall objective of the panel is to seek 

creative administrative, procedural, and preventive, as well as ergonomic and engineering, 

solutions for reducing neck pain that were presented as recommendations in the Research Task 

Group’s final report. NATO HFM RTG-252 has taken a multi-disciplinary approach that 

involves engineers, human system integration and ergonomics specialists, physiologists, medical 

officers, physiotherapists, helmet manufacturers, and operators. To meet the group panel aim, 

several member countries agreed to implement a version of an exercise regimen that leverages 

the results of the study and targeted exercise program conducted by Äng, et al. (2006) and 

addresses additional research gaps. 

As members of the NATO HFM RTG-252 panel, the U.S. Army Aeromedical Research 

Laboratory (USAARL), in conjunction with the U.S. Naval Air Warfare Center Aircraft Division 

(NAWCAD), examined the effects of a progressive six-week cervical spine-directed resistance 

band exercise regimen on cervical spine range of motion, isometric strength, and muscular 

control. The end goal of the study is a demonstrated effective exercise program that can be 

implemented by U.S. Army operational units for neck pain prevention and treatment. 

Additionally, study outcomes can facilitate informed decisions about potential prevention and 

mitigation strategies within both military and civilian populations. 

Methods and Materials 

U.S. Army Flight School (Fort Rucker, AL) students and instructor pilots were recruited 

and consented under a protocol approved through Naval Air Warfare Center Aircraft Division 

Institutional Review Board (NAWCAD IRB). A site-specific protocol addendum was 

implemented to allow the study to be replicated and conducted at Fort Rucker. Because Fort 

Rucker has a principal function as the U.S. Army’s center for helicopters, this enabled the study 

to reach a wider population and include a larger demographic range. Additional inclusion criteria 

required participants to be physically able to complete all exercises and be available for pre-, 

mid-, and post-training assessments. Those who had previous neck surgeries, neurologic 

symptoms, serious back pain, or participated in a neck-training program within the last twelve 

months were ineligible to participate. 

Potential participants were medically screened before enrollment in the study. Baseline 

fitness, description of any current neck pain, age, anthropometry, flight hours, occupational data, 

CROM, and cervical spine muscular strength were determined (Appendix B). Volunteers were 

randomly assigned to control and exercise study groups. 
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A series of prospective, controlled trial interventions were conducted to determine the 

effects of a cervical spine-directed resistance band exercise regimen on cervical spine strength, 

range of motion, and control in military aviators. Subjects performed five resistance band 

exercises for two sets of 10-15 repetitions at progressing resistance levels (Table 1). The 

resistance band exercises (protraction/retraction, flexion, extension, left/right lateral flexion, and 

left/right rotation) were conducted daily, five days a week, for six weeks using the NeckX® 

(Appendix C; Neck X LLC, Aspen, CO). Each exercise repetition was completed through full 

CROM as a cyclic 2-second stretch, 4-second concentric contraction, 2-second isometric 

contraction, and 4-second eccentric series. Subjects performed the training regimen at their own 

volition; however, along with the assessment visits, a weekly in-person/virtual checkup was 

conducted to provide any necessary exercise technique corrections, ensure training compliance, 

and keep the subject engaged in the study. Weekly logs were collected to capture flight hours, 

neck pain related or unrelated to flying, treatments, study exercises, and other physical activities. 

Table 1. Exercise Training Matrix 

Note. Progressive six-week cervical spine-directed resistance band exercise training regimen 

performed for the exercises: protraction/retraction, flexion, extension, left/right lateral flexion, 

and left/right rotation. 

 

Subjects completed pre- (week 0), mid- (week 3), and post-training (week 6) CROM, 

dynamometer, and exercise repetition assessments. Subjects completed a 5-10 minute cervical 

spine-directed warmup to begin each test day, followed by the CROM, dynamometer, and 

exercise repetition assessments (Figure 1). Following the CROM assessment, subjects were 

instrumented with six Delsys Trigno Mini (Figure 2) wireless electromyography (EMG) sensors 

placed bilaterally in the area of the upper trapezius (extensor), splenius capitis (rotator), and 

sternocleidomastoid (flexor) muscles. Prior to electrode placement, the surface of the skin was 

shaved, if necessary, then lightly abraded and cleaned with alcohol wipes. 

 

Week 
Resistance Band 

Level  
Sets Repetitions 

1 Low 2 10 

2 Medium 2 10 

3 High 2 10 

4 High 2 15 

5 High 2 15 

6 High 2 15 
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Figure 1. Assessment order. Assessments were consistently conducted and collected in the same 

order during all pre-, mid-, and post-training subject visits. 
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Figure 2. Delsys Trigno Mini placement. Six Delsys Trigno Mini electromyography (EMG) 

sensors were placed bilaterally on the A) upper trapezius (extensor), B) splenius capitis (rotator), 

and C) sternocleidomastoid (flexor) to record the electrical activity of the respective muscles 

during dynamometer and exercise repetition assessments. 

Cervical Range of Motion (CROM) Assessment 

CROM measurements were taken using the CROM device (Performance Attainment 

Associates, Lindstrom, MN) (Figure 3). The device has been validated and proven accurate for 

clinical CROM measurements in the cervical spine with good inter-tester and intra-tester 

reliability (Youdas et al., 1991; Rheault et al., 1992). Each subject was instructed and trained on 

the function and procedure of the CROM assessment prior to data collection. Three repetitions of 

each motion were performed and recorded before conducting the next motion. Measurements 

collected: sub-occipital flexion/extension, flexion, extension, left/right lateral flexion, and 

left/right rotation. 

 

Figure 3. Illustration of CROM device and use. The CROM device was used to conduct and 

collect all CROM measurements: sub-occipital flexion/extension, flexion, extension, left/right 

lateral flexion, and left/right rotation. 

A

A 

A

B 
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A

A 
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Dynamometer Assessment 

Isometric strength, muscular control, and endurance measurements were collected using 

the BTE Primus RS dynamometer (BTE, Hanover, MD) (Figure 4) in coordination with a 

custom-built MATLAB (MathWorks, Natick, MA) software program (Figure 5). Subjects were 

seated upright and secured in an affixed chair via shoulder, lap, and chest harness straps. The 

chair and dynamometer were set to position the subject’s head in the neutral position for all 

assessments. Performance feedback was provided to the subject during muscular control and 

endurance assessments via a television screen. Each subject was instructed and trained on the 

function and procedure of the dynamometer assessments on a day prior to data collection. 

Subjects first completed isometric strength in flexion and extension, followed by muscular 

control, then endurance tasks. 

 

Figure 4. Dynomometer. The BTE PrimusRS with affixed chair used in conjunction with the 

custom-built MATLAB graphical user interface (GUI) to conduct and collect the dynamometer 

assessments (isometric strength, muscular control, and endurance). 
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Figure 5. Custom-developed MATLAB GUI. Custom-developed MATLAB GUI was used, in 

conjunction with the BTE PrimusRS to conduct and collect dynamometer assessments. Muscular 

control task in extension is shown here as an example. 

Isometric strength (Newtons). 

Subjects completed three 4-second isometric maximal voluntary contractions (IMVC) for 

flexion and extension. Forty-five seconds of rest was given between each trial, with three 

minutes of rest between directions and five minutes of rest after. 

Muscular control (% Time on Target). 

The three IMVC trials were used to determine an average IMVC for flexion and 

extension for each subject. Subjects were tasked with producing incremental targeted force 

output from 5% to 70% of their average IMVC in ascending and descending order in 5% 

increments for 2 seconds per increment with 5 minutes of rest between directions and after. 

Endurance. 

For the purposes of this publication, endurance assessment results are to be reported 

separately.  

Exercise Repetitions Assessment 

The maximum number of repetitions possible while using proper technique at a preset 

resistance for flexion, extension, left/right lateral flexion, and left/right rotation was determined 

while initially grasping the bands with their arms placed at an upright 90 degrees. Immediately 

upon completion of exercises, subjects were asked subjective questions to rate their impression 
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of their neck flexibility, strength, stiffness, and pain after on a 4-point scale (1-Worse, 2-Same, 

3-Slightly Improved, 4-Greatly Improved) compared to before they started conducting the 

training regimen. 

Statistical Analyses 

All statistical analyses were performed using R Package (Version 3.6.1). Descriptive 

statistics, including ranges, means, medians, standard deviations, standard errors of the mean, 

and minimum and maximum values, was calculated for all variables. An alpha of p ≤ 0.05 was 

considered statistically significant for all statistical analyses. 

One-way ANOVAs were performed to compare pre-, mid-, and post-training differences 

in CROM (degrees), isometric strength (Newtons), muscular control (% time on target), exercise 

repetitions (repetition performed to fatigue), and subjective questions (flexibility, strength, 

stiffness, and pain) for all test combinations of muscles (trapezius, splenius capitis, and 

sternocleidomastoid) and movement (flexion and extension). Tukey’s Post-Hoc analysis was 

performed when appropriate for statistically significant ANOVA results.  

 

 

 

 

 

This space is intentionally blank. 
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Results 

Subject Demographics 

Subject demographics are presented in Table 2. A total of 17 subjects were recruited and 

enrolled for participation. All subjects were enrolled in the exercise group to preserve effect size 

due to low recruitment numbers. Data from 12 subjects were analyzed; all subjects reported full 

adherence to the prescribed exercise regimen. Data from five subjects were incomplete due to 

study dropout and were excluded from this analysis. All subjects were enrolled in the exercise 

group to preserve effect size due to low recruitment numbers; thus, all data analyzed were 

obtained from subjects enrolled in the exercise group. 

 

Table 2. Subject Demographics 

Note. Mean (SD) values for subject demographics (N = 12) from U.S. Army Flight School 

students and instructor pilots enrolled in six-week progressive cervical spine directed resistance 

band exercise regimen group. 

 

 

 

 

 

This space is intentionally blank. 

 

 

  

Age (years) 27.3 (±4.2)  

Mass (kg) 83.2 (±7.6)  

Height (cm) 176.8 (±6.1)  

Head Circumference (cm) 57.9 (±1.6)  

Head Breadth (cm) 15.6 (±0.5)  

Neck Circumference-Mid (cm) 38.9 (±1.7)  

Neck Circumference-Base (cm) 41.0 (±2.2)  

Neck Length (cm) 10.8 (±1.4)  

Sitting Height (cm) 93.4 (±3.4)  

Flight Time Prior Intervention (hours) 261.3 (±349.9)  

Flight Time During Intervention (hours) 19.2 (±17.6)  
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CROM Assessment 

The CROM values (degrees) are presented in Table 3. A statistically significant (p < 

0.05) difference was found for all eight CROM measurements between pre- and post-training, 

with all except extension and right lateral flexion being statistically different from pre- to mid-

training. 

 

Table 3. CROM Results 

*Statistically significant difference from pre-training 

Note. Mean (SD) values for CROM (degrees) from U.S. Army Flight School students and 

instructor pilots enrolled in six-week progressive cervical spine directed resistance band exercise 

regimen group measured pre-, mid-, and post-training. 

 

Dependent 

Variables 

Assessments (N=12) 

Pre (0 Weeks) Mid (3 Weeks) Post (6 Weeks) 

Suboccipital Flexion 8.8º (±2.7) 11.3º (±2.9)* 14.0º (±3.9)* 

Suboccipital Extension 27.8º (±7.5) 33.3º (±5.1)* 35.8º (±7.4)* 

Flexion 52.8º (±7.9) 62.1º (±5.8)* 62.4º (±9.3)* 

Extension 60.7º (±7.5) 63.9º (±7.1) 66.8º (±6.4)* 

Left Lateral Flexion 38.3º (±7.3) 43.3º (±7.2)* 47.6º (±7.2)* 

Right Lateral Flexion 37.0º (±7.4) 40.7º (±5.5) 44.2º (±6.5)* 

Left Rotation 61.9º (±6.2) 69.1º (±5.8)* 72.8º (±4.2)* 

Right Rotation 64.5º (±5.8) 69.1º (±6.2)* 70.9º (±4.5)* 
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Dynamometer Assessment 

Isometric strength. 

Results for isometric strength reported in Newtons (N) are presented in Table 4. No 

statistically significant differences were found for isometric strength in flexion measurements. A 

statistically significant (p < 0.05) difference was found for isometric strength in extension 

between pre- and post-training measurements. 

Table 4. Isometric Strength Results 

*Statistically significant difference from pre-training 

Note. Mean (SD) values for isometric strength (Newtons) from U.S. Army Flight School students 

and instructor pilots enrolled in six-week progressive cervical spine directed resistance band 

exercise regimen group measured pre-, mid-, and post-training. 

 

Muscular control. 

Results for muscular control (% of the time on target) are presented in Table 5. A 

statistically significant (p < 0.05) difference was found for both incremental targeted-force 

output measurements pre- and post-training, with flexion also being statistically different from 

pre- to mid-training. 

Table 5. Muscular Control Results 

*Statistically significant difference from pre-training  

Note. Mean (SD) values for muscular control (% of time on target) from U.S. Army Flight 

School students and instructor pilots enrolled in six-week progressive cervical spine directed 

resistance band exercise regimen group measured pre-, mid-, and post-training. 

 

Dependent 

Variables 

Assessments (N=12) 

Pre (0 Weeks) Mid (3 Weeks) Post (6 Weeks) 

Flexion 145.5 N (±55.6) 158.7 N (±45.2) 170.8 N (±54.3) 

Extension 167.3 N (±63.6) 195.2 N (±63.2) 219.4 N (±70.3)* 

Dependent 

Variables 

Assessments (N=12) 

Pre (0 Weeks) Mid (3 Weeks) Post (6 Weeks) 

Flexion 59.9% (±6.5) 63.5% (±7.1)* 71.4% (±5.8)* 

Extension 64.5% (±6.2) 68.4% (±4.3) 71.2% (±5.7)* 
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Exercise Repetitions Assessment 

Exercise repetitions. 

Results for Exercise Repetitions (repetitions completed) are presented in Table 6. A 

statistically significant (p < 0.05) difference was found for all exercise directions measured, 

except extension pre- to post-training. 

Table 6. Exercise Repetition Assessment 

*Statistical Significant Difference from Pre-Training 

Note. Mean (SD) values for Exercise Repetitions (repetitions completed) from U.S. Army Flight 

School students and instructor pilots enrolled in six-week progressive cervical spine directed 

resistance band exercise regimen group measured Pre-, Mid-, and Post-Training. 

 

 

 

This space is intentionally blank. 

  

Dependent 

Variables 

Assessments (N=12) 

Pre (0 Weeks) Mid (3 Weeks) Post (6 Weeks) 

Flexion 7.9 (±3.9) 10.8 (±3.0) 12.2 (±3.5)* 

Extension 10.8 (±5.3) 14.6 (±5.9) 16.4 (±5.4) 

Left Lateral Flexion 6.8 (±3.2) 9.2 (±3.4) 10.9 (±3.2)* 

Right Lateral Flexion 6.7 (±3.3) 9.4 (±3.5) 10.9 (±3.3)* 

Left Rotation 7.1 (±2.3) 9.6 (±2.7) 11.7 (±3.8)* 

Right Rotation 7.3 (±2.9) 9.7 (±3.1) 11..5 (±3.8)* 
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Subjective Questions 

Mean (SD) for Subject Questions (4-point scale: 1-Worse, 2-Same, 3-Slightly Improved, 

4-Greatly Improved) are represented in Table 7. A statistically significant (p < 0.05) difference 

was found for flexibility as self-reported at the mid- and post-assessments, and strength and 

stiffness as self-reported only at the post-assessment. For self-reported pain, there was no 

statistically significant difference found between any combination of the pre-, mid-, or post-

assessments.  

 

Table 7. Subjective Questions 

*Statistically significant difference from pre-training 

Note. Mean (SD) values for subjective questions (4-point scale: 1-Worse, 2-Same, 3-Slightly 

Improved, 4-Greatly Improved) measured pre-, mid-, and post-Training. 

 

Discussion 

Overall, the findings of this study show that a six-week progressive resistance band 

cervical-spine directed exercise regimen can improve cervical spine strength, range of motion, 

and muscular control in a healthy aviator population. The resistance band regimen allowed 

subjects to self-select and self-apply the desired level of resistance, minimizing the risk of injury. 

The prescribed exercise regimen was well-received; subjects reported improved strength, 

flexibility, and stiffness after the six-week intervention while adhering to the take-home regimen 

with a simple 10-minute weekly check-up. There was no change reported to pain or during the 

six-week intervention, though this is likely due to the limitation of only using healthy non-

symptomatic subjects. Under the same conditions, it is expected that subjects’ would report 

improvements to pain in a symptomatic population. 

 

This space is intentionally blank. 

 

 

Dependent 

Variables 

Assessments (N=12) 

Pre (0 Weeks) Mid (3 Weeks) Post (6 Weeks) 

Flexibility 2.0 (±0.0) 2.8 (±0.6)* 2.9 (±.8)* 

Strength 2.0 (±0.0) 2.3 (±0.6) 2.8 (±0.7)* 

Stiffness 2.0 (±0.0) 2.4 (±0.5) 2.5 (±0.6)* 

Pain 2.0 (±0.0) 2.4 (±0.6) 2.2 (±0.4) 
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The NeckX® equipment was an easy tool to implement the resistance band exercise 

regimen. Equipped with a fastening skullcap, three various level resistance bands, instruction 

guidelines, and carrying bag, the NeckX® provided all of the components needed to conduct the 

regimen. The instruction guidelines also made it easy for subjects to remember the exercises and 

techniques each day. The carrying bag allowed for easy transport when necessary. The fastening 

skullcap and resistance bands with safety loops provided an extra level of security during the 

study; however, it is believed that the same results and data outcomes from this study would be 

obtained using similar, less expensive, and more readily available equipment (e.g., a swim cap 

and therapeutic elastic bands).  

CROM 

The findings in this study show CROM significantly improved in all directions after six 

weeks, with most directions significantly improving after only three weeks. These findings show 

that acutely prescribed short daily sessions of cervical spine directed resistance band exercises 

can effectively improve CROM. Improving and maintaining the functional CROM of our 

aviators is pertinent to sustaining our Warfighter’s safety, health, and combat readiness. Limited 

CROM can impact the performance of typical tasks and increase compensatory movement 

through the lower back and hip joints that can lead to further complications (Bennett et al., 

2002). 

Previous studies on cervical spine-directed exercise fail to consistently incorporate 

measures of CROM, even though reports show reduced CROM in patients with a history of neck 

pain (Burnett et al., 2005; Nagai et al., 2014, Äng & Harms-Ringdahl 2006), making it difficult 

to compare the findings to other interventions. However, one study (Highland et al., 1992) found 

that the range of motion between flexion and extension improved approximately nine degrees 

after eight weeks of dynamic neck extensor training. The findings from the present study showed 

that the range of motion between flexion and extension improved approximately 16 degrees. This 

comparison aligns with the acceptance that conducting the exercise through the full range of 

motion, along with a dedicated stretching portion during each repetition, would result in a greater 

increase in range of motion than an intervention that focuses on neutral position strengthening 

and stabilization. Further research is needed to determine the functional implications of these 

changes, to assure the findings can be applied to a symptomatic population, and to compare these 

findings to a stretching-only regimen. 

Strength 

The focal strength outcomes (isometric strength, exercise repetitions, and subjective 

questions) from the measurements taken are that statistically significant improvements for 

isometric strength were seen in extension; however, the improvements in flexion we not 

statistically significant. Isometric flexion and extension strength increased by 17.4% and 31.1%, 

respectively. The observed increases correspond with other reports of increased flexion and 

extension strength percentages found in other cervical spine-directed interventions (Geary et al., 

2014; Conley et al., 1997; Ylinen et al., 2006; Leggett et al., 1991). In comparison, those 

intervention exercise programs lasted from 5 weeks to 12 months and consisted of 1-3 sessions 

per week lasting 15-60 minutes. 
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Isometric cervical spine strength has an essential role in positioning and stabilizing the 

head, which influences performance and injury risk (Hyrsomallis, 2016), with reports that 

muscle activation of the cervical spine increase two- to four-fold in military aircrew while using 

night vision goggles (Harrison et al., 2016). Though only tested in the sagittal plane due to the 

complexity of assessments, the findings in this study show that the isometric strength of the 

neutral cervical spine can be increased, even without specifically training in an isolated neutral 

spine position (as our participants trained over full range of motion). Thus, strength 

improvements were potentially made throughout all planes and ranges of motion. It is important 

to consider strength outside of the neutral isometric position, as military aircrew members are 

frequently scanning their surroundings with reports having shown significantly higher muscle 

activity during movements in the flexed and the ipsilateral rotated positions (Thuresson et al., 

2003). The exercise repetition results reflect strength improvements throughout the full range of 

motion as subjects were able to complete significantly more repetitions through full range of 

motion for each exercise, except extension, after the intervention. Further research is needed to 

quantify the full effects of the intervention on cervical spine musculature isometric strength, 

length-tension curves, and aircrew member mission performance. 

Muscular Control 

The improved performance on the muscular control (% time on target) assessment 

indicates that the exercise regimen resulted in subjects being able to produce and maintain 

specified forces over short durations of time more accurately. Similar proficiency improvements 

have been shown to increase pilots’ skills in relation to takeoff, general air work, navigation, 

tactical information, bombing, tactics, and landing (Gawron, 2019).  

Though not directly measured, these improvements may be due to neural adaptations, 

such as improved motor-unit recruitment or decreased antagonist activation, that elicit the ability 

to more accurately produce a targeted force output; training effects which have been documented 

within the first two months of an exercise intervention (Häkkinen & Komi, 1983; Moritani & de 

Vries, 1979). These adaptations occur most rapidly in untrained muscles, and generally, the neck 

flexors are considered less trained than the neck extensors due to human anatomy that places the 

neck in a state of extension when erect. The reported muscular control results are in agreement 

with this ideology; significant improvements in flexion occurred after three and six weeks, while 

extension only significantly improved after six weeks.  

Subjective Questions 

Though the study was not designed to accentuate the subjective questions, findings from 

the subjective questions suggest that subjects had a perceived increase in flexibility at the mid-

point and post-intervention, and a perceived increase in strength and stiffness post-intervention. 

These findings align with the CROM and strength assessment results also presented in this study 

in which increases in range of motion were seen at the mid- and post-assessment, while increases 

in strength were only observed post-intervention. 
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Limitations and Future Investigations 

After early recruitment struggles, all subjects were enrolled in the exercise group to 

preserve effect size. Future investigations into the effects of resistance band exercise on the 

cervical spine should include a viable control group to make an unequivocal comparison of 

findings. Despite the study criteria excluding participants who had completed specified neck 

exercises within the past 12-months, it is not expected that baseline measurements would have 

changed over the course of six weeks without intervention. Furthermore, all subjects enrolled in 

this study were healthy males. Future investigations should explore the effects of resistance band 

exercise in females, as well as symptomatic populations to gain a better understanding of pain 

outcomes. Endurance assessment results are to be reported in a future publication.  

Conclusions 

The findings of this study demonstrate that cervical spine directed resistance band 

exercise regimen is an effective training method for increasing CROM, isometric strength, and 

muscular control. The exercise regimen was well received and had excellent adherence by the 

subject population. The resistance bands provided an easy way to self-select and apply 

resistance, which may allow for more effective use in symptomatic populations as compared to 

other regimens. The NeckX® is a convenient tool to administer a cervical spine resistance band 

regimen, though cheaper and more readily accessible options (e.g., a swim cap and therapeutic 

elastic bands) are likely to give similar results. While the subject population consisted of military 

aviators exclusively, the exercise regimen has implications for the general public, both 

therapeutically and prophylactically. Future work will leverage these findings to develop and 

incorporate operationally-specific training and treatment interventions to optimize Soldier 

performance. 
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Appendix A. Acronyms and Abbreviations 

 

AL Alabama 

CROM Cervical Spine Range of Motion 

DHP Defense Health Program 

DMSS Defense Medical Surveillance System 

EMG Electromyography 

GUI Graphical User Interface 

HSM Head-Supported Mass 

IMVC Isometric Maximal Voluntary Contractions 

IRB Institutional Review Board 

JPC Joint Program Committee 

MA Massachusetts  

MD Maryland 

MN Minnesota 

NATO HFM RTG-252 North Atlantic Treaty Organization Human Factors and 

Medicine Research Task Group Panel 252 

NAWCAD U.S. Naval Air Warfare Center Aircraft Division 

ORISE Oak Ridge Institute for Science and Education 

SD Standard Deviation 

SC Splenius Capitis 

SCM Sternocleidomastoid 

TRAP Trapezius 

USAARL U.S. Army Aeromedical Research Laboratory 
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Appendix B. Aircrew Neck Pain Survey 
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Appendix C. NeckX Brochure 
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Appendix D. Subject Weekly Log 
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Appendix E. Medical History Screen 
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