MILITARY MEDICINE, 189, S3:465, 2024

Performance Optimization and Injury Mitigation for Air Force
Student Fighter Pilots

Maj Stephanie E. Chayrez, DPT, USAF'>*; Anthony Acevedo, PhDt; SSgt Jared Blake, BS, USAF*;
Christopher Parrott, DPT*, Timothy Gerking, MS*; Capt Deborah Guthmann, DPT, USAFt;
Maj Michelle Jilek, DPT, USAFt; SSgt Joshua Dorcheus, MS, USAFt; Zachary Zeigler, PhDt;
Capt Clint Copeland, DPT, USAF$; Maj Haley Gill, DPT, USAF§; Maj Andrew Smietana, DPT, USAF||,

Lt Col Carolyn Price-Moore, BS, USAFY]; Maj Brittaney Nores, DPT, USAFY];
Maj Ryan M. Scott, DPT, USAF**

ABSTRACT

Introduction:

Military fighter aircrew report high rates of cervical pain and injury. There is currently no consensus regarding the
best training methods for this population. Eglin Air Force Base (AFB) and Luke AFB have multidisciplinary teams
specializing in aircrew training, performance, and injury mitigation. All student pilots (SPs) completing Basic Course
training at these locations engage in an 8-week Spine Training Program (STP). The STP originated at Luke AFB in 2020
and was expanded to Eglin AFB in 2022. The primary aim of this study was to assess whether the STP led to significant
changes in the performance measure studied, Cervical Endurance Hold (CEH). Further, this study aimed to determine
if the CEH training effect was independent of location of STP administration. We hypothesized that SPs would exhibit
statistically significant CEH training adaptations irrespective of base location.

Materials and Methods:

Air Force F-16 and F-35 SPs from Luke AFB and Eglin AFB were actively enrolled in the Basic Course and participated
in the standardized STP from 2020 to 2023. The CEH test was administered prior to (intake) and following (exit) the
8-week STP. SPSS for Windows version 29 software (IBM, Armonk, NY) was used to retrospectively analyze the data
from this study. Participants were excluded if they were unable to perform the CEH test at intake or exit. The study was
approved by the Air Force Research Laboratory Institutional Review Board and was performed in accordance with the
ethical standards of the Declaration of Helsinki.

Results:

One hundred and ninety-eight SPs (Luke AFB, males n =170, females n = 12; Eglin AFB, males n = 16) completed the
STP program. There was no significant difference between intake and exit concerning age, height, weight, % body fat,
and fat-free mass at Luke AFB or Eglin AFB (P <0.05). Statistically significant improvements in CEH were observed
within all groups from intake to exit (P <0.001). When considering all participants collectively, there was a notable 33.6%
increase in CEH from intake to exit (P <0.001) with an overall effect size of d = 1.14. When analyzing specific subgroups,
females from Luke AFB experienced a significant 20.4% increase in CEH (P <0.001, d = 1.14), males from Luke AFB
exhibited a significant 34.5% increase (P <0.001, d =1.09), and males from Eglin AFB demonstrated a significant
increase of 55.7% in CEH (P <0.001, d =1.97).

Conclusions:
This retrospective analysis showed significant improvements in the CEH across all groups following the completion of
the STP. Furthermore, CEH results from both bases exhibited a large effect size indicating a meaningful change was
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Impact of Spine Training on Fighter Pilots

found between intake and exit regardless of training location. These preliminary study results should be interpreted with
caution as a control group was unable to be established. In the future, a randomized control trial should be performed
to test the STP used in this study against other STP programs. This may better inform experts on the best spine training

methods for fighter aircrew.

INTRODUCTION

High Performance Aircraft (HPA) training missions pose a
significant risk of cervical injury to fighter pilots with 85% of
United States Air Force fighter aircrew reporting acute neck
pain at some point in their career.! A survey conducted by
Headquarters Air Combat Command Human Weapon Sys-
tem Branch in 2022 sampled all fighter aircrew in the United
States Air Force. A 33% response rate garnered a total of
2,029 responses. Of respondents, 98% of fighter aircrew
reported flying-related neck pain during their career and 75%
reported that their pain directly affected performance dur-
ing High-G (High Positive Gravitational) operations. Trau-
matic minor cervical strains and repetitive forces have been
shown to alter proprioceptive feedback and muscle activa-
tion, therefore altering the ability to execute coordinated,
purposeful movements.>3 These factors may pose a threat to
fighter aircrew health, occupational effectiveness, and flight
safety.

To mitigate the potential impacts of High-G operations,
Eglin Air Force Base (AFB) and Luke AFB have multidis-
ciplinary teams specializing in fighter aircrew performance.
Both teams coordinate efforts to support standardization of
fighter aircrew student production. All student pilots (SP)
completing the F-16 and F-35 Basic Course at these locations
engage in an 8-week interdisciplinary Aircrew Condition-
ing Program (ACP) to enhance physical performance, mental
performance, and aircrew resilience.

One component of the ACP is the standardized Spine Train-
ing Program (STP). Prior research has shown that the deep
neck flexor muscles serve an important role in segmental sta-
bility during gross cervical spine movements. During flight,
pilots must perform extensive cervical motion while stabi-
lizing the weight of the head and helmet against High-G
forces.>** Training that improves the pilot’s ability to engage
the deep neck flexors may prove beneficial in the mitigation
of cervical injury. Additionally, targeted exercises initiated
at the start of pilots’ flying career may better prepare fighter
aircrew for High-G stressors.” STPs integrated into course syl-
labi at pilot training bases may provide an ideal construct for
delivering this specialized training.

There is currently no consensus regarding the best training
methods, nor the degree of physical preparedness required for
fighter aircrew. A recent study performed by researchers from
the University of Canberra and Royal Australian Airforce
highlighted challenges of assessing highly variable cervical
spine loading in fighter aircrew, concluding ultimately that
“individual monitoring of the intensity, frequency, duration
and type of head motions that aircrew perform is needed to
understand injury, conditioning parameters, and to inform

risk management.”® To date, most cervical strengthening pro-
grams involve bulky research grade equipment, resistance
bands, and/or resistance tubing to be utilized in one iso-
lated plane of motion at a time. To address this gap in the
aeromedical literature and fighter aircrew training, Aerospace
Physical Therapists and Strength and Conditioning Specialists
at Luke AFB developed the STP. This program incorporates
the weight of the head and an external load throughout the
entire cervical range of motion while utilizing portable/low-
cost equipment. To the best of our knowledge, this repre-
sents the initial analysis of a program of this nature within
fighter aircrew. Moreover, there was no standardized train-
ing or testing being conducted specific to the cervical spine
in the United States Air Force prior to the creation of the
STP and administration of the Cervical Endurance Hold
(CEH) test.

The CEH test was selected as the neck health metric for the
Aircrew Conditioning Program Assessment (ACPA) because
of the role the deep neck flexors play to stabilize the cer-
vical spine during flight, in addition to the test being low
cost, time effective, and requiring minimal equipment.®-*7-°
Additionally, the CEH has been shown to be valid and reli-
able in both asymptomatic and symptomatic populations, with
asymptomatic individuals displaying longer endurance hold
times.® The CEH test was deployed at the same time the STP
went live for all student training being conducted at Luke
AFB in 2020. This Aircrew Performance construct is still
in the expansion phase, with only Luke and Eglin currently
completing CEH testing and the STP. The end state of air-
crew production, maintenance, and optimization will include
ACPA testing to be conducted at various timepoints through-
out a fighter pilot’s career. When this future state is achieved,
the CEH has the potential to identify when a pilot experiences
neck pain and/or injury.® This may improve the readiness
of aircrew by enabling training and treatment interventions
to occur before an extended period of Duties Not Including
Flying (DNIF) becomes necessary.

The STP is a component of the ongoing ACP that has been
executed at Luke AFB since 2020. The primary purpose of this
study was to retrospectively examine whether the integration
of the STP resulted in statistically significant improvements
in the CEH. In 2022, the STP and CEH test administra-
tion expanded to Eglin AFB and by mid-2024 they are both
expected to extend to Tyndall AFB, Langley AFB, Holloman
AFB, and Seymour Johnson AFB. Given the novelty of this
training, a secondary aim of this study was to examine if
the results of the STP were reproducible at other AFBs by
exploring whether the location of STP implementation had an
impact on the CEH training effect. We hypothesized that SPs
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would exhibit statistically significant CEH training adapta-
tions, irrespective of their base location (Luke AFB and Eglin
AFB).

METHODS
Subjects

A retrospective analysis study was conducted to determine if
the STP is effective in enhancing cervical endurance in SPs
from 2020 to 2023. Air Force pilots from Luke AFB and Eglin
AFB were actively enrolled in the F-16 or F-35 Basic Course
and participated in the STP. Participants’ data were excluded
from the analysis if they were unable to perform the CEH
test at intake or exit. This study was approved by the Air
Force Research Laboratory Institutional Review Board and
was performed in accordance with the ethical standards of the
Declaration of Helsinki.

Procedures

The participating SPs across both locations completed the
CEH test before (intake) and after (exit) an 8-week STP.
The CEH test and the STP were led by an active duty
Aerospace Physical Therapist, an active duty Aerospace Phys-
ical Therapy Technician, and/or a civilian Nation Strength and
Conditioning Association certified strength and conditioning
specialist (CSCS).

CEH

The CEH test was administered during intake and exit testing
of the F-16 and F-35 Basic Course ACPA. The standard-
ized methodology and criteria for test termination outlined in
reliability of measurement and normative value studies was
utilized.”~® Since the test was being conducted in the tacti-
cal environment with significant time constraints, the CEH
was only performed once and had a strict 3-minute time limit.
Equipment needed for this test was a flat bench, felt tip marker,
and a stopwatch. Following a demonstration of the CEH pro-
tocol, proper body positioning, and test termination criteria,
the SPs were positioned lying down in the supine position with
knees bent, feet flat on the bench, and hands resting on the
abdomen. To mark focal points on the skin, the test adminis-
trator requested that SPs first perform the chin tuck, and then
lift their head 2.5 cm off the bench while maintaining the chin
tuck position. While in this position, a line was drawn on the
SPs neck, perpendicular to two skin folds. The SPs were then
instructed to relax so that their head was resting on the test
administrator’s fingers. To begin the test, the SPs re-engaged
a chin tuck and raised their head approximately 2.5cm so
that the back of their head maintained light contact with the
test administrator’s fingertips. The SPs ability to maintain this
position was measured in time (seconds), beginning when the
SP attained the “starting position.” Each participant received a
maximum of one corrective warning to maintain proper posi-
tioning. The test was terminated if the second occurrence of
the following criteria was met: (1) the edges of the drawn lines

across the SPs skin folds no longer touched each other because
of loss of the chin tuck position; (2) the SPs’ head was raised
too high, and thus the SP was no longer maintaining contact
with the administrators’ fingers; and (3) The SPs’ head rested
on the test administrator’s fingers for more than 1 second. The
test was immediately terminated if the following criteria was
met: (1) the SP was no longer capable of continuing and (2)
the SP was able to hold the testing position for more than 3
minutes.

STP

The STP occurred 3 times per week for 8 weeks while the
SPs were participating in the ACP. This 8-week training pro-
gram was performed during the academic phase of training,
when the SPs were not flying. During the first 2 weeks of
the ACP, the STP was performed in a blocked training for-
mat with 15 minutes dedicated to the instruction and execution
of the STP exercises. From weeks 3 through 8, the STP was
integrated into the resistance training program during the rest
periods of main compound lifts. Total time dedicated to the
STP during these weeks was 10 minutes per session. The STP
exercise selection and volume were standardized across both
training locations. Exercise intensity was not standardized at
either location with progressive overload being encouraged
when appropriate for the SP (~week 6 of training). This prag-
matic approach allowed the subject matter experts overseeing
the training session to adjust workload intensity based on indi-
vidual pilot needs. The STP training objectives were to: (1)
increase spinal stability and dynamic control, (2) increase
kinesthetic awareness, and (3) increase neural control and
pilot tolerance in provocative end of range positions (for both
contractile & non-contractile tissue). The STP utilized a pro-
gressive approach that moved from prioritization of mobility
and motor control to volume and load attenuation. Follow-
ing the initial mobility-based phase of the STP, external load
was added if the student demonstrated the ability to perform
the exercises through the full range of motion while main-
taining adequate neuromuscular control. External loading was
achieved by utilizing the CerviFit at Eglin AFB and ringside
neck weight at Luke AFB.

Statistical Analysis

SPSS for Windows version 29 software (IBM, Armonk, NY)
was used to analyze the data from this study. Descriptive
data of age, height, weight, % body fat (%BF), fat-free mass
(FFM), and CEH scores are presented as mean 4+ SD. All
participants with missing data were removed from the anal-
ysis. Data were inspected for outliers and data entry errors.
A Shapiro-Wilk test was conducted to test for normality. A
two-tailed paired samples #-test was conducted to examine
the mean difference between CEH, anthropometric measure-
ments, and body composition values at the beginning of STP
training (intake) and the end of the training program (exit).
Additionally, an independent -test was used to determine
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if statistical differences existed between the two bases. The
targeted sample size used a priori power *G power analysis
(effect size =0.3, o =0.05, P >0.05) of 147 participants to &
achieve a power of 0.95.

1.0

0.117
0.389
0.268

1.0

RESULTS

One hundred and ninety-eight SPs (Luke AFB, males n = 170,
females n = 12; Eglin AFB, n = 16) completed the STP pro-
gram. There was no significant difference between intake and
exit concerning weight, %BF, and FFM (all P <0.05) at Luke
AFB or Eglin AFB. When separating participants into groups
based on the two military bases and between biological sex,
no significant difference was seen in body weight, %BF, and
FFM (all P>0.05) (Table I).

Table II shows that while looking at all SPs together,
there was a statistically significant 33.6% increase in CEH
between intake and exit (P < 0.001) with an overall effect size
of d =1.14. When looking at SPs in subgroups (female Luke o
AFB, male Luke AFB, and male Eglin AFB), all subgroups Sl
had a statistically significant increase in CEH (P <0.001).
Females from Luke AFB saw a significant 20.4% increase in
CEH from intake and exit (P <0.001) with an overall effect
size of d = 1.14. The males from Luke AFB saw a significant
34.5% increase in CEH from intake and exit (P <0.001) with
an overall effect size of d = 1.09. The males from Eglin AFB
also saw a significant increase of 55.7% (P <0.001) with an
overall effect size of d =1.97. Statistical significance for the
mean increase in CEH was present as both locations. Further-
more, Supplementary Fig. S1 displays the CEH results from
both Luke AFB and Eglin AFB showing a large effect size,
indicating that these preliminary findings may show meaning-
ful change was found between intake and exit performance
regardless of training location.

26.84+1.9
180.7+5.4
84.54+8.1
179 +64
69.3+£8

Males Eglin AFB (n = 16)
Exit

26.84+1.9
180.7+5.4
83.948.1
17.6 £6.1
69 £8.1

Intake

1.0

0.181
0.570
0.077

26.242.6
181.54+6
84.2410.6
164 +£5.2
70.1+6.8

Males Luke AFB (n =170)
Exit

26.242.6
181.54+6
84.0410.8
16.5+5.6
69.8+7

TABLE I. Student Pilot Descriptive Data
Intake

0.166
1.0

0.296
0.349
0.145

DISCUSSION ~
The primary aim of this study was to examine if a novel
standardized STP led to statistically significant changes in
cervical endurance. The study findings indicate significant
improvements in CEH across all participant groups following
the completion of the STP. The secondary aim was to assess
scalability of the STP as a component of aircrew training cur-
riculum at other training locations. Our analysis indicates that
CEH results from both bases showed a large effect size indi-
cating a consistent and meaningful change was found between
intake and exit performance regardless of training location
(Luke AFB and Eglin AFB). These study results should be
interpreted with caution, as a control group was unable to
be established and no cervical testing data were available for
comparison prior to this study.

To the best of our knowledge, this is the first study that
investigates a STP of this nature for fighter aircrew. These
data suggest that the current standardized exercise selection
and volume, coupled with individualized progressive over-
load, may be suitable for achieving significant improvements

12)

Females Luke AFB (n
Exit
264424
167.4+6.7
68 +8.7
23.7+4.6
51.74+6.1

263423
167.44+6.7
67.74+8.6
242452
51.1459

Intake

Weight (kg)

Age (years)
Height (cm)
%BF

FFM (kg)
Abbreviations: AFB, Air Force Base; FFM, fat-free mass; %BF, % body fat.

Data are mean -+ SD, rounded to the nearest 0.1.
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in cervical endurance within the target population. Further-
more, the data indicate that there is potential for the STP
to be expanded to additional training locations for fighter
aircrew.

As mentioned previously, poor cervical endurance has
been correlated with increased rates of neck pain and disabil-
ity. Utilization of the CEH test prior to High Performance
Aircraft training may serve as a personal baseline for fighter
aircrew spine health management. Moreover, if regular test-
ing of the CEH is employed throughout a pilot’s career, this
measure may serve as a valuable indicator for when Aerospace
Physical Therapy and/or spine training interventions are war-
ranted, potentially resulting in earlier medical intervention
and/or implementation of injury mitigation measures. Unfor-
tunately, operational impact surrounding cervical injury and
pain rates prior to and following the implementation of the
STP are not able to be assessed at this time, as information
from military health records is not available for review by the
authors.

In this retrospective analysis, it iS important to recognize
and address certain inherent limitations. This analysis relied
on existing, de-identified data that were collected in an opera-
tional training environment, and as such, increased risk for
missing or incomplete information exists. We attempted to
control for this limitation, by removing participants with miss-
ing data from our analysis and inspecting the data for outliers
and data entry errors. Additionally, recall bias can be a poten-
tial issue as participants may not accurately remember past
events or circumstances. Furthermore, confounding variables
such as training to the test that were not originally considered,
measured, or controlled for may affect the generalizability
of the results of this study. Despite these limitations, we
believe this retrospective analysis was valuable for analyzing
our hypotheses and exploring associations within the existing
data sets at Luke AFB and Eglin AFB.

In the future, a randomized control trial should be per-
formed to test the STP against other existing or newly gen-
erated programs. This may better inform human performance
experts on the best spine training methods for fighter air-
crew. Additionally, intake and exit testing was only com-
pleted prior to and following the academic phase of the
F-16 and F-35 Basic Course. Thus, the STP and CEH test-
ing have not historically continued into the flying phase
of training. Since continued training is necessary to retain
training adaptations, investigation of STP inclusion during
the flying phase of training is warranted. Lastly, incorpora-
tion of additional specific performance assessment measures
that quantify force, acceleration through cervical range of
motion, kinesthetic awareness, and medical data may be
helpful to inform and refine future iterations of STPs for this
population.

<0.001*"

127.44279

Males Eglin AFB (n = 16)
Exit

Intake
81.84+36

<0.001™*

118.8 +-44

Males Luke AFB (n = 170)
Exit

Student Pilot Cervical Endurance Hold

Intake
88.3+37.3

TABLE Il

<0.001*"

112.94+30.2

Females Luke AFB (n = 12)
Exit

Intake
93 £25.7

CONCLUSIONS
This retrospective analysis shows preliminary findings con-
sistent with significant increases in cervical endurance hold

CEH

Abbreviations: AFB, Air Force Base; CEH, cervical endurance hold.

Data are mean -+ SD, rounded to the nearest 0.1

** P <0.001.
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times in Air Force fighter aircrew when the standardized STP
is performed. These improvements were seen across multi-
ple time points (2020-2022), two different training locations
(Luke AFB and Eglin AFB), and regardless of biological sex
(female and male). There were no differences between age,
height, weight, %BF, or FFM when comparing SPs at either
AFB. Further research is needed to validate the results of this
study.
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