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Background

The United States military strives to prepare soldiers physically and mentally for war
while preventing injury and attrition. Previous research has focused on physical injury
risk factors but has not prospectively examined psychological risk factors.

Purpose

This study’s purpose was to investigate whether self-efficacy is a risk factor for
musculoskeletal injury in an initial military training environment and compare it to other
known risk factors.

Study Design
Prospective, Longitudinal Cohort Study

Materials and Methods

Shortly after starting cadet basic training, new cadets rated self-efficacy by an 11-point
questionnaire. Other risk factor data including injury history, sex, height, weight, body
mass index, age, aerobic fitness, upper body muscular endurance, core muscular
endurance and previous military experience were collected by self-report questionnaire
and military fitness testing. The primary dependent variable was musculoskeletal injury
that originated during the seven-week course. Independent variables were compared
between participants who were and were not injured using Chi-squared test, t-tests, Cox
regression analysis and time to injury was evaluated using Kaplan-Meyer survival
analyses.

Results

Seven hundred eighty-one (65.1%) new cadets were eligible and consented to participate.
Injured cadets had significantly lower self-efficacy scores (p=0.003 and p=<0.001), shorter
height (p=<0.001), lower weight (p=0.036), lower push-up and plank performance
(p=<0.001), slower two-mile run performance (p=<0.001), and females sustained a
proportionally higher number of injuries than males (p=<0.001). Cadets with low
self-efficacy, shorter height, lower hand release push-up performance, lower plank
performance and slower two-mile run performance were at greater risk for
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musculoskeletal injury. Cadets with less self-efficacy were also less likely to continue
uninjured throughout cadet basic training according to a Kaplan-Meier survival analysis
(log rank test<0.002). Multivariable Cox regression revealed that only aerobic fitness
predicted musculoskeletal injury (HR=1.005 [1.003-1.006], p=<0.001).

Conclusions

Participants with less self-efficacy sustained injuries earlier and more often than those
with greater self-efficacy. However, aerobic fitness alone predicted future injury after
controlling for all risk factors. Resolved prior injury was not a risk factor for future injury.

Level of Evidence 2b
Individual cohort study

INTRODUCTION

The steady decline in national physical activity levels and
increases in overweight and obese adolescents!-2 has de-
creased the number of individuals eligible for military ser-
vice3 and widens the physical readiness gap between the
general population and military physical demands.* This
disparity complicates training physically capable recruits
without injuring those who are less fit and highlights the
need of minimizing preventable attrition such as those
from musculoskeletal injury (MSK-I). Despite efforts to im-
prove soldier readiness, more than half of all soldiers expe-
rience an injury annually.> As many as 58,400 soldiers were
not able to deploy in April 2020, which is the equivalent of
13 brigade combat teams.® MSK-Is are the leading cause of
non-deployability, lost duty days (LDD), medical encoun-
ters, military discharge, and disability.”-8 In 2018 the U.S.
Army spent $434 million in direct medical costs to treat
MSK-Is.”

The leading causes of MSK-Is are the same activities
that leaders deliberately conduct to develop physical re-
silience? including running, load carriage, other physical
fitness training activities (besides running) and work-re-
lated tasks.8 Physical training results in the highest number
of total injuries, while load carriage causes greater injuries
per exposure.l0 Other common causes of MSK-Is include
overexertion, falls/slips, and occupational accidents.!!

Researchers have identified multiple physical and be-
havioral MSK-I risk factors including prior injury, low aer-
obic endurance, 2716 high or low body mass index (BMI),1?
and low muscular strength and endurance.!8:19 Multiple
previous studies have demonstrated that prior injury
strongly predicts future injury!%16; however, it is unclear
whether these previous injures had fully resolved or not.
Female biological sex is a long-accepted risk factor for
MSK-1,20-22 put recent research suggests this may be due
to differences in average physical fitness rather than bi-
ological sex-exclusive differences.12:23-26 Military leaders
have used these and similar study outcomes to develop in-
jury prevention programs including physical fitness train-
ing regimens, MSK-I risk screening, and leader education
with mixed results.10,27-29

These epidemiological studies summarize the dilemma:
service members with prior injury and lower fitness levels
tend to get injured while training to improve their physical
fitness. It is possible that other modifiable risk factors exist

that, if trained, may reduce injuries without such high in-
jury risk.

Albert Bandura (1977) introduced self-efficacy as one’s
confidence to perform a specific task. In behavioral psy-
chology, this concept helps patients and clinicians establish
a therapeutic path by accomplishing individualized, in-
creasingly difficult tasks.30 Multiple subsequent publica-
tions have proposed positive relationships between self-
efficacy and  self-regulation,3!  performance,31-33
goal-setting,34 and motor learning.3°

Researchers have also found that psychological factors
predict military performance outcomes.32:36:37 Gruber et al.
found that for every one point increase on the new gen-
eral self-efficacy scale, participants were 77.7% less likely to
voluntarily withdraw assuming the other factors remained
constant. Self-efficacy did not predict medical withdrawal;
however, this study did not report injury statistics.36 In an
initial entry Army training environment, Moran et al. found
that psychological burnout was predictive of MSK-I, but did
not measure self-efficacy.38 To date, no studies have re-
ported the prospective relationship between self-efficacy,
other known risk factors, and MSK-I in an initial entry mil-
itary training environment.

Cadet basic training at the United States Military Acad-
emy (USMA) is a seven-week initial entry training course
with physical demands similar to basic combat training.
Many traditional risk factors for MSK-I have been inves-
tigated previously in service academy cadets, but the re-
lationship between self-efficacy and injury has not. This
study’s purpose was to investigate whether self-efficacy is a
risk factor for MSK-I in an initial military training environ-
ment and compare it to other known risk factors. The re-
searchers hypothesized that self-efficacy (overall and task-
specific) would be lower among new cadets who sustain
an MSK-I and negatively associated with MSK-I over time
throughout cadet basic training.

METHODS

STUDY DESIGN

This was a prospective cohort study investigating the rela-
tionships between self-efficacy, other known intrinsic and
extrinsic risk factors and MSK-I in an initial entry military
setting.
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STUDY SIZE AND APPROVAL

All 1,200 incoming USMA new cadets were eligible to par-
ticipate in this study. The Portsmouth Naval Medical Center
Institutional Review Board (IRB) and USMA administrators
reviewed and approved the study procedures prior to initia-
tion. Participation was voluntary.

PARTICIPANTS AND SETTING

All participants were USMA new cadets completing cadet
basic training from June to August 2022. Cadet basic train-
ing introduces new cadets to military skills while physically
and psychologically preparing them to be service academy
cadets and future officers. Some of the most strenuous and
injury-causing events include running and strength train-
ing during morning physical fitness training (every week),
the Army Combat Fitness Test (ACFT) (Weeks 5-6), land
navigation (Weeks 3-4), and the final 12-mile ruck march
(Week 7). Cadets also practice tactical skills including in-
dividual movement techniques, basic marksmanship, water
survival, communication skills, and emergency medical
treatment. The researchers recruited participants and col-
lected all demographic, injury history, and self-efficacy
data on Day 8 of 44 following a verbal study explanation
and written description.

INCLUSION/EXCLUSION CRITERIA

All English-speaking new cadets qualified to begin cadet
basic training were eligible for inclusion. Cadets were ex-
cluded only if they declined to participate, had not fully
recovered from a previous injury, were already injured at
the time of the consent/survey, or attritted from cadet basic
training for reasons other than MSK-I. All participants un-
der 18 years old were considered emancipated minors and
did not require parental consent. All participants who con-
sented for this study also consented participation to a ran-
domized controlled trial by Scott et al. related to back pain
beliefs and maximum deadlift. All randomization and inter-
ventions for this study were conducted separately and in-
cluded same-day back pain resilience education for all par-
ticipants to prevent subsequent pain avoidance behaviors
during Week 5 or 6 of cadet basic training.3%

Reporting prior injuries is a sensitive topic due to fear of
administrative disqualification, so the researchers assured
the new cadets’ confidentiality whenever asked to self-re-
port prior or current injury. All participants who reported
a history of injury within the past year classified them-
selves as either completely recovered (1), mostly recovered
(2), or not recovered (3) and completed the Single Assess-
ment Numeric Evaluation (SANE). The SANE required the
participants to rate the previously injured body part on
a scale of 0% to 100% and has demonstrated reliability
and concurrent validity with other injury-specific outcome
measures.40-43 Patient Acceptable Symptom State (PASS)
thresholds for SANE scores range from 65.5% to 82.5%,
but there is no evidence-based threshold when an injured
individual has fully recovered.#446 In the present study,
participants were excluded if they described themselves as

“not recovered” regardless of SANE score or if they de-
scribed themselves as “mostly recovered” or “completely
recovered” with a SANE score of less than 80%. This was to
ensure the unresolved prior injuries (or a currently injured
state) did not affect participants’ self-efficacy to complete
CBT and specific events without injury.

OUTCOME MEASURES

The primary outcome of interest was either new injury or
recurrence of a previously resolved musculoskeletal or neu-
rological injury. Systemic conditions, skin reactions, and
infections were excluded as well as blisters and ingrown
toenails which are commonly treated by on-site U.S. Army
medics without duty limitations. The researchers opera-
tionally defined injuries as a neuromusculoskeletal condi-
tion which required care at a medical treatment facility,
with or without duty limitations.20-2147 This definition
eliminated recall bias and the difficulty of obtaining self-
reported injury status, which might not have been serious
enough to seek medical treatment. Time was recorded as
the number of days from study consent to the initial med-
ical encounter.

PROCEDURES AND VARIABLES

The primary independent variable of interest was the par-
ticipants’ self-efficacy to complete cadet basic training
without injury and self-efficacy to complete the three most
injury-causing and physically demanding events without
injury (land navigation physical demands, the 12-mile ruck
march, and the ACFT). Although scales for general and
pain self-efficacy exist, these scales lack task-specific con-
cordance with the cadet basic training events.#® The re-
searchers developed task-specific self-efficacy questions
(Appendix A) following guidance from Bandura and other
previous studies.3249 The consent form and survey were pi-
loted among a group of first-year cadets to ensure clarity,
accuracy and cultural appropriateness. The participants
rated their self-efficacy prospectively on Day 8 via the ques-
tionnaire with an 11-point numerical rating scale from 0
(no confidence) to 10 (fully confident). The combined
event-specific self-efficacy item combined the three scores
from land navigation athletic demands, the 12-mile ruck
march, and the ACFT for a maximum score of 30 (items 2-4,
Appendix A). Prior to collecting data, the researchers se-
lected approximately 70% as the cut-off for low self-efficacy
based on previous research.50-5! We also planned on visu-
ally inspecting the data in quartiles and tertiles in compari-
son with our cut-off score.32:52 Participants completed this
questionnaire immediately after consenting to participate.
The baseline questions survey demonstrated good internal
consistency according to Cronbach’s alpha (0.817).

Other independent variables included age, biological
sex, height, weight, previous military experience, perfor-
mance motivation, athletic intentions, history of injury
within the past year, current level of relative function (only
for those with a history of previous injury), baseline aerobic
fitness (2-mile run time), baseline upper body muscular en-
durance (hand release push-ups in 2 minutes), and anterior
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core muscular endurance (maximum plank duration). Age
and sex were both self-reported and verified with the par-
ticipants’ medical record. Injury history, previous military
experience, academy overall performance motivation, ath-
letic intentions (intending to participate in division 1, club
or intramural athletics), height, and weight were also col-
lected by self-report. Self-reported height and weight has
previously demonstrated validity in the military popula-
tion.53 The service academy cadet basic training cadre and
instructors conducted the 2-mile run, hand release push-up
and plank performance assessments according to military
testing standards>4 on days 3 to 5.

DATA SOURCES/MEASUREMENTS

The researchers received demographic and performance in-
formation from USMA administrators. Participants self-re-
ported additional demographic information, previous ex-
periences, previous injury, and self-efficacy using a
paper-based survey. The researchers collected new injury
data individually using the Armed Forces Health Longitu-
dinal Technology Application (AHLTA) and the Cadet In-
jury and Illness Tracking System (CIITS). CIITS is a program
unique to this service academy for all participation-limiting
injuries. To protect from bias, all other variable data (in-
cluding self-efficacy data) were hidden during injury sur-
veillance. Additionally, 10% of all questionnaire responses
and injury designation data were checked by another re-
searcher for accuracy.

The injury study period lasted 36 days during cadet basic
training and the injury surveillance additionally lasted for
the entire following semester (174 total days from start to
finish). This additional surveillance time was to capture in-
juries that began during cadet basic training but either re-
ceived delayed medical care, did not resolve with time alone
or worsened during the fall semester. The additional sur-
veillance time did not include any injuries that occurred af-
ter cadet basic training ended. The researchers also cap-
tured days until the approximate onset of symptoms and
days between the onset of symptoms until the medical en-
counter.

DATA ANALYSIS

After excluding ineligible participants (Figure 1), the re-
searchers conducted descriptive analyses to compare the
independent variables between injured and non-injured
participants. Missing values were excluded with pairwise
deletion. The researchers recorded and analyzed all data
using Statistical Package for the Social Sciences (SPSS), ver-
sion 28 (IBM Corps, Armonk, NY, 2021).

The independent samples t-test was used to compare
continuous data, chi-square test was used to compare cat-
egorical data, and effect sizes were calculated with Cohen’s
d and phi.

The researchers used a Kaplan-Meier survival analysis to
determine whether the risk of injury throughout cadet ba-
sic training was different between those with low or high
self-efficacy. New cadets who reported self-efficacy of 7/10
or less to complete all of cadet basic training or 24/30 or

less to complete the three combined specific events without
injury were identified as having low self-efficacy and com-
pared to new cadets with 8/10 or 25/30 or higher self-effi-
cacy, respectively. The new cadet population was a fixed-
sized, closed cohort that began and ended training on the
same days. There were some differences in daily training
schedules, but the cohort completed training events within
the same week. Kaplan-Meier analysis assumptions were
met by excluding all new cadets with current or unresolved
injuries, beginning the surveillance period simultaneously,
defining the censoring event as the first medical encounter
date, and by terminating survival at the day of the first
medical encounter or right-censoring at 174 days. Subse-
quent injuries sustained by the same participant were not
included in the analysis. The researchers used the log-rank
test (a < 0.05) to determine whether the time to event was
statistically significant between new cadets with high ver-
sus low self-efficacy.

Individual variables predictive of future injury were
identified using univariable Cox proportional hazard ratios.
The researchers purposefully selected variables similar to
methods in previous literature based on previously estab-
lished risk factors.32:55 Variables that were statistically sig-
nificant (a < 0.05) were compared using correlation coef-
ficients (Pearson’s and Spearman rho for continuous and
categorical data, respectively) to identify potential
collinearity. Variables that did not statistically predict MSK-
I or demonstrated moderate to high (> 0.5) correlation were
considered for omission from the multivariable analysis.
Finally, a multivariable Cox proportional hazard ratio was
used to construct a model that predicted MSK-I between all
variables of interest and the dependent variable of time to
injury.

RESULTS

Of 1200 new cadets, 903 (75.3%) consented to participate in
the study. The baseline demographic information revealed
that 22 participants had “not recovered” from pre-existing
injuries and 43 reported an injury within the last year with
SANE of less than 80%. Injury surveillance revealed that
49 new cadets received medical treatment for injuries prior
to consent and self-efficacy data collection. Eight included
participants left cadet basic training for either non-mus-
culoskeletal medical reasons or by voluntary withdrawal.
In total, 122 participants were excluded, leaving 781 new
cadets for analysis (Figure 1).

During the 36 days following the survey, 136 (17.4%) new
cadets sustained at least one MSK-I that required medical
attention with or without work limitations. The most in-
jured regions were the knee (38, 27.9%), ankle (27, 19.9%),
lower leg (22, 16.1%), foot (13, 9.6%), and hip/pelvis (9,
6.6%). The most common injury natures were ligament
sprains (33, 24.3%), bone stress injuries (23, 16.9%), joint
synovitis (20, 14.7%), and tendinopathy (20, 14.7%). The
most common injury causes were aerobic physical training/
running (41, 30.1%), ruck marching (24, 17.6%), land nav-
igation (19, 14.0%), gradual onset (14, 10.3%), and orga-
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Service academy Class of 2026

(n = 1200)

Non-consented

(n=297)

Total consented

(n=1903)
Excluded due to pre-existing injury
(n=114)
Total included
(n=789)

Excluded due to attrition

(n=28)

Total analyzed

(n=781)

Figure 1. Graphic depicting the total number of cadets
attending cadet basic training in 2022 (n = 1200),
consented participants (n = 903), excluded participants
due to injury at the time of the initial survey or
attrition (n = 122) and the total number of participants
included (n = 781).

nized athletics (8, 5.9%). Appendix B contains the complete
injury and associated activity analysis.

The average class self-efficacy score was 8.2/10 to com-
plete cadet basic training without injury and 26.0/30 to
complete the combined task-specific events without injury.
The lowest tertile responded at or below 7/10 to complete
all of cadet basic training without injury and at or below 24/
30 to complete the three combined specific events without
injury. The researchers used these cutoff scores to differen-
tiate between low and high self-efficacy.

Statistical results comparing injured and uninjured par-
ticipants are summarized in Table 1. Two-mile run perfor-
mance was the only statistically significant variable with a
large (Cohen’s d>0.8) effect size (t(764)=-9.40, p=<0.001).
Independent variables with a positive and statistically sig-
nificant but small effect size (Cohen’s d<0.5) included self-
efficacy to complete cadet basic training without injury
(t(773)=2.94, p=0.002), combined event-specific self-effi-
cacy (t(770)=4.08, p=<0.001), sex (X2(1, N=781)=41.28,
p=<0.001), hand release push-up performance (t(773)=4.00,
p<0.001), plank performance (t(772)=3.88, p=<0.001),
height (t(765)=5.00, p=<0.001), and weight (t(762)=2.01,
p=0.036). Age, BMI, injury history (only including those
above an 80% SANE), athletic intentions, personal perfor-
mance goals, and prior military experience were not sta-
tistically different between those who experienced an in-
jury and those who did not. Although attending the service
academy preparatory school was found to be significantly
different between injured and uninjured new cadets, it was
not carried forward in the analysis due to internal differ-

ences (higher athletics participation) between cadets with
and without this extra year of training.2!

The Kaplan-Meier survival curves in Figures 2 and 3 dis-
play MSK-I occurrences over time by participants with low
(blue line) and high self-efficacy (green line) to complete
cadet basic training uninjured (Figure 2) and the combined
specific events uninjured (Figure 3). Under both conditions,
new cadets with self-efficacy scores of 7/10 or less (Figure
2) or task-specific combined self-efficacy of 24/30 or less
(Figure 3) demonstrated a significantly reduced probabil-
ity (p=0.004 and p=<.001, respectively) to continue training
without injury over time according to the log-rank test.

All variables that demonstrated statistically significant
difference between new cadets with and without MSK-I re-
sulted in statistically significant univariable hazard ratios
(HR). History of a resolved prior injury again was not a
hazard for injury during cadet basic training. Correlation
analysis (Table 2) demonstrated a moderate (>0.5) corre-
lation between height and weight (r=0.68), sex and height
(r=0.60), and sex and hand release push-up (r=0.58). Using
a selective stepwise method, height and weight were ex-
cluded from the subsequent multivariable analysis due to
correlation with each other, sex, and hand release push-up.
There was also a moderate to strong correlation between
self-efficacy to complete cadet basic training and combined
specific events (r=0.63). The multivariable Cox proportional
hazard ratio analysis was conducted using two different
models to account for collinearity between the self-efficacy
variable, each with a self-efficacy variable included.

Tables 3 and 4 depict results from the univariable and
multivariable Cox proportional hazard analyses. The uni-
variable analysis demonstrated that height, weight, hand
release push-up performance, plank performance, and both
self-efficacy measures were all individually protective
against MSK-I risk over time. Compared to males, females
had a greater injury risk over time. Lastly, new cadets with
slower 2-mile run times were also at a greater MSK-I risk
over time (Table 3). Of the other variables statistically sig-
nificant in the univariable models, only slower 2-mile run
time predicted injury risk over time (HR=1.004
[1.003-1.006], p=<0.001) in the multivariable model (Table
4).

Although injury history did not demonstrate a statistical
significance, the researchers decided to include it in the
multivariable analysis due to strong historical prediction
for future injury. When included in the multivariable analy-
sis, it was again not predictive of future MSK-I (HR=1.19
[0.83-1.70], p=0.335).

DISCUSSION

The primary purpose of this study was to test the strength
of association and predictive value between self-efficacy
and future MSK-I. The results support the hypothesis that
new cadets who sustained an MSK-I had significantly less
self-efficacy than those who remained uninjured and had a
shorter survival time during cadet basic training. However,
when controlling for other known risk factors, only aerobic
fitness (2-mile run time) predicted MSK-I.
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Table 1. Demographics and Personal Characteristics of Injured and Non-Injured New Cadets

Variables Non-Injured Injured p-value Effect Size?
Total Analyzed, n (%) 645 (82.5%) 136 (17.4%)
Age (years), average (sd) 18.25(0.89) 18.37(1.05) 0.168 -0.13 (-0.32-0.06)
Sex** <0.001 0.23
Male, n (%) 535(82.9%) 79 (58.1%)
Female, n (%) 110(17.1%) 57 (41.9%)
Anthropometrics
Height (cm), average (sd)** 177.1(8.4) 175.5(10.7) <0.001 0.47 (0.29-0.67)
Weight (kg), average (sd) 74.5(12) 72.0(14.2) 0.036 0.20(0.013-0.39)
BMI, average (sd) 23.7 (2.86) 23.9(2.96) 0.382 -0.084 (-0.27-0.10)
<20 (underweight) n, (%) 46 (7.3%) 10(7.5%) 0.196 065
20-29.99n, (%) 567 (90.3%) 116 (87.2%)
>30 (obese) n, (%) 15(2.4%) 7 (5.3%)
History of Injury in the Last Year 0.610 0.018
No, n (%) 408 (63.4%) 83(61%)
Yes, n (%) 236 (36.6%) 53(39%)
Preparatory school attendance* 0.013 0.089
No, n (%) 582 (90.4%) 113(83.1%)
Yes, n (%) 62 (9.6%) 23(16.9%)
Prior military service, n (%) 0.082 0.062
No, n (%) 605 (92.8%) 120(88.2%)
Yes, n (%) 47 (7.2%) 16(11.8%)
Self-Efficacy, avg (sd)
CBT Without Injury** 8.28(1.6) 7.8(2.1) 0.003 0.28 (0.09-0.4¢6)
CBT Despite Injury 7.8(2.1) 7.66(1.9) 0.651 0.04 (-0.14-0.23)
Combined Event-Specific Without Injury** 26.3(3.8) 24.7 (5.6) <0.001 0.39(0.20-0.57)
Future Performance Goals 0.158 0.082
Top 5%, n (%) 205 (32.2%) 44 (32.6%)
Whatever It Takes to Graduate, n (%) 287 (45.1%) 71(52.6%)
Best Effort, n (%) 138(21.7%) 20 (14.8%)
Unsure, n (%) 6(0.9%) 0(0%)
Athletic Competition Goals 0.478 0.057
NCAA/Division I, n (%) 198 (30.9%) 43(31.6%)
Competitive Clubs, n (%) 210(32.8%) 52(38.2%)
Company Athletics, n (%) 147 (23%) 24 (17.6%)
Unsure, n (%) 85(13.3%) 17 (12.5%)
Physical Performance
Hand-Release Push Up, reps (sd)** 33.9(10.5) 29.8(12.4) <0.001 0.39(0.19-0.56)
Plank, avg time (s) (sd)** 174.9 (47.4) 157.3(50.1) <0.001 0.37(0.18-0.55)
2-Mile Run, avg time (s) (sd)** 870.7 (112.2) 980.0 (160.6) <0.001 -0.90 (-0.70—1.10)

Cadet basic training (CBT), Body Mass Index (BMI), National Collegiate Athletic Association (NCAA)

aCohen’s d (95% CI) for continuous data, phi for categorical data
*p=<0.05
**p=<0.001

These results are the first to prospectively demonstrate
that self-efficacy to complete strenuous military training
without injury was lower among new cadets who sustained
an MSK-I. Those with lower self-efficacy also had reduced

time to injury compared to new cadets with high self-effi-
cacy. However, self-efficacy is not predictive of future MSK-
Is when controlling for other important covariates. This
is not surprising considering that the six sources of self-
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Table 2. Correlations Between Independent Risk Factors with Significant Univariable Cox Proportional Hazard Ratios

Injury Hand Release Push- 2-Mile SE Basic Training SE Event-Specific
Height Weight Sex History Up Plank Run Uninjured Uninjured
Height 1
Weight 684" 1
Sex -566" -526" 1
Injury History 027 083’ -025 1
Hand Release Push-Up 214" 329" -538" 038 1
Plank -046 -083° -217" .008 397" 1
2-Mile Run -295" -036 443% -031 -386" -398" 1
fji'iﬁjfrig(}rai”i”g 171" 203" -156** -109"™ 228" 137" -199™ 1
ijmEn‘JfE:‘et:pedﬁc 227" 223" 248" -011 345™ 229” -323" 6227 1

Self-efficacy (SE)

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)
Bold = Moderate to high correlation (>0.5)
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Self-Efficacy to Complete Training Without Musculoskeletal Injury
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Figure 2. Kaplan-Meier Survival Curve to MSK-I By Self-Efficacy to Complete Cadet Basic Training Without MSK-

I

efficacy>® might interact with the other risk factors. For
instance, individuals with lower aerobic fitness might re-
port lower self-efficacy due to the perceived level of nec-
essary exertion to perform specific tasks. Future research
is needed to determine how previous injury affects self-ef-
ficacy, the interactions between self-efficacy sources and
performance, and how self-efficacy affects injury, perfor-
mance, and other important risk factors.

These findings support prior research that low aerobic
physical fitness, as identified in a one to two mile running
assessment, is the strongest predictive risk factor for MSK-
I during initial entry training.!31424.57,58 In this cohort,
a one second increase in 2-mile run time increased the
MSK-TI hazard ratio by 0.5%. This can be interpreted as for
every one minute increase in 2-mile run time, there was
a 30% increased risk of sustaining an MSK-I. This study’s
injury surveillance echoes the classic training conundrum:
aerobic physical training (running) and ruck marching ac-
counted for 47.1% of all training injuries. This implies that
military leadership and instructors should continue to use
low aerobic fitness performance to identify at-risk pop-
ulations, conduct appropriately programed training such
as ability group-based running,5%60 and consider improv-
ing the other independent factors that were associated, al-
though not predictive of MSK-I.

Previous injury is one of the most widely accepted risk
factors for future injury, but was not significantly different
between the injured and non-injured population in this co-
hort. This may have been due to either the previous injury
timeframe (one year) or distinguishing between resolved
and unresolved previous injuries. The researchers surveyed
previous injuries within the past year in order to capture
relatively common athletic injuries such as anterior cruci-

ate ligament tears, which can take a year to fully resolve.
Previous studies surveyed previous injuries within the prior
three to six months.!847 The longer timeframe might have
resulted in including more positive responses for mild to
moderate previous injuries with more time to fully resolve.

This study uniquely distinguished between resolved and
unresolved previous injuries by requiring participants to
rate their current level of function according to the SANE.
The researchers chose this method to control for unre-
solved previous injuries at the time of the survey but ex-
pected previous injury again to strongly predict future in-
jury. This finding presents a potential need to differentiate
between resolved and unresolved previous injuries at the
beginning of an injury surveillance study and might em-
phasize the importance of “finishing” rehabilitation to pre-
vent future injury. The plethora of previous research on
prior injury as an MSK-I risk factor necessitates future re-
search with the same and related populations before eluci-
dating the relationship between prior injury, injury resolu-
tion, and future injury.

Other independent variables that were significantly dif-
ferent between the injured and non-injured groups (asso-
ciated with MSK-I) but did not collectively predict MSK-I
included height, weight, biological sex, plank, and hand re-
lease push-up performance. Biological sex and height are
both intrinsic factors which have previously demonstrated
association with MSK-I during military training. This study
adds to a substantial body of evidence that when control-
ling for other injury risk factors, biological sex alone does
not predict future injury.12:14.24,26,57 However, females may
exhibit higher injury risk due to physiological traits that
predispose all soldiers to injury, such as slower 2-mile run
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Table 3. Univariable Cox Proportional Regression
Analysis and MSK-I

. Univariable p-

Variable HR (95% C) value
. 0.89

Height (0.85-0.93) <0.001
. 0.99

Weight (0.98-0.999) 0.041
291

Sex (2.07-4.09) <0.001
. . 1.12

Injury History (0.79-1.58) 0.528
0.97

Hand Release Push-Ups (0.96-0.99) <0.001
0.99

Plank (0.990-0.997) <0.001
. 1.005

2-Mile Run (1.004-1.006) <0.001

Self-Efficacy, Basic 0.88 0.002

Training Uninjured (0.81-0.96) ’
Self-Efficacy, Combined 0.93 <0.001
Event-Specific Uninjured (0.90-0.96) ’

Confidence interval (CI), Hazard Ratio (HR)

times, shorter height, lower weight, and lower hand-release
push-up performance.!8.22

Hand release push-up and plank performance were sig-
nificantly different between the injured and non-injured
groups and were predictive of MSK-I individually, but not
when controlling for the other risk factors. De la Mott et al.
previously found strong and moderate evidence of relation-

ships between upper body and core muscular endurance re-
spectively and both have demonstrated value as part of a
prospective injury screen.18:60 However, when controlling
for other risk factors, Moran et al. also did not find push-
up endurance to be predictive of injury.38 Because of this
association, but not predictive value, military instructors
should continue to train upper body muscular endurance,
but it is unclear whether the hand release push-up nor the
plank should be included in injury prevention screening.
This is the first known study to identify hand release push-
up performance as a potential MSK-I risk factor based on
univariable analysis.

It is important to emphasize how self-efficacy concepts
should and should not be incorporated into training. First,
this study did not find that low self-efficacy was able to
predict future injury when controlling for other known risk
factors and therefore, should not be used in isolation to
identify at-risk populations. However, based on mean dif-
ferences and univariable relationships, self-efficacy may be
a modifiable extrinsic risk factor. Self-efficacy is a psycho-
logical concept, but training could include strategies be-
yond talking and thinking about confidence. Training
strategies could include leveraging the six sources of self-
efficacy: enhancing mastery experiences (prior success),
vicarious experiences (seeing others succeed), physiological
state (including nutrient timing and adequate sleep), affec-
tive state, verbal persuasion, and mental imagery.5¢ More
specific intervention strategies are beyond the scope of this
analysis and future studies should explore intervention ef-
fectiveness.

One strength of this study was the researchers’ thorough
injury surveillance through multiple electronic medical
record reviews, including all musculoskeletal patient en-
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counters, radiology reports, and physical screenings. Work-
ing in the same facility as the other medical providers al-
lowed the authors to clarify injury diagnoses when medical
documentation was unclear. This resulted in very few clas-
sifications as “other” or “unknown” injury causes. Injury
trends were otherwise similar to prior initial entry training
environment research.20.21

The researchers chose to develop a task-specific self-ef-
ficacy assessment to ensure concordance?8 with cadet basic
training events and it demonstrated strong internal consis-
tency. The low self-efficacy cutoff scores based on the low-
est tertiles were consistent with findings on the Pain Self-
Efficacy Questionnaire (40/60 [67%])*8 and the Return to
Work Self-Efficacy (RTW-SE) Questionnaire (4.6/6 [77%]).4°
Although the items were developed following guidance by
Bandura, a limitation of our study is that it was not val-
idated with another accepted self-efficacy scale. Future
studies should consider validating custom self-efficacy
questionnaires with either the Pain0 or General3¢ Self-Ef-
ficacy Scales.

Another limitation to this study included consent and
survey timing. Due to the demanding cadet basic training
schedule, study consent and survey took place 1 week after
cadet basic training commencement, which was the soonest
available opportunity. Although this occurred prior to high-
demand physical training events except for a portion of the
ACFT (only push ups, plank and 2-mile run), 26% of all
known injuries during cadet basic training occurred prior to
the beginning of data collection and therefore were not a
part of the analyzed data set. It is reasonable to assume that
these cadets, who were the first to sustain injuries, may
have been a valuable addition. Future studies should prior-
itize surveying participants as early as possible for overall
self-efficacy.

Self-selection bias both when consenting to the study
and in seeking medical care was another considerable lim-
itation. The reasons for only 903 (75.3%) of the 1200 new
cadets agreeing to participate in this study despite no addi-
tional time requirements could have been related to report-
ing prior injuries, consenting to medical records review, or
having to consent to two separate studies simultaneously.
Also, new cadets had the ability to choose whether or to
seek medical care except in emergency situations.

Lastly, this study was limited to the relationship between
self-efficacy and MSK-I, but as a psychological trait, may
have a broader reach. Individuals with lower self-efficacy
might exhibit decreased resilience to illness or psycholog-
ical stress, leading to more medical or mental health en-
counters. Future studies might consider examining the re-
lationship between self-efficacy and all medical encounters.

CONCLUSION

There was a significant, although small relationship be-
tween new cadets who reported low self-efficacy and future
MSK-I during initial entry training. Self-efficacy could po-
tentially be a modifiable risk factor, but further research
is necessary to validate these findings and identify bene-
ficial interventions. At this time, self-efficacy assessments
should not be used alone to identify those with higher MSK-
I risk. Additionally, this study strongly supports the body of
literature that aerobic performance can be used to identify
at-risk populations and proposes using the SANE to differ-
entiate between resolved and unresolved injuries for injury
surveillance research.
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Table 4. Multivariable Cox Proportional Regression Analysis and MSK-I

. Mod.el.lz p- Combin::I:loE(f/ZInzt:-Speciﬁc p-

Variable Multi\SaBr-il;ll:IneIm;r((;dS% cn value? Multivariable HR valueP
(95% Cl)

Sex 1.50(0.90-2.49) 0.120 1.51(0.90-2.51) 0.117
Injury History 1.19(0.83-1.70) 0.335 1.22(0.86-1.75) 0.257
Hand Release Push-Ups 1.01(0.99-1.04) 0.197 1.02(0.99-1.04) 0.188
Plank 1.00(0.99-1.003) 0.536 0.999 (0.995-1.003) 0.576
2-Mile Run 1.005 (1.003-1.006) <0.001 1.004 (1.003-1.006) <0.001
fﬁl'fni‘:fecj%?g?'c Training 0.94(0.86-1.04) 0231 - -
gggcfggﬁmﬁfgjb(g‘%%fve”t - - 0.98 (0.94-1.02) 0.331

Hazard ratio (HR)
aModel 1 demonstrated statistical significance (x2 = 77.24, p=<0.001)
bModel 2 demonstrated statistical significance (x2 = 76.76, p=<0.001)

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-nc/4.0/legalcode for more information.
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