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Analysis of Severity of Finger, Hand, and Wrist Injuries
Among Department of Air Force Workers
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Objective: This study examined US Department of the Air Force (DAF) work-
related finger, hand, and/or wrist (FHW) injuries and focused on injury charac-
teristics, severity, and outcomes. Methods: Characteristics, details, and severity
of work-related, noncombat FHW injuries (2008-2018) were examined. Rates,
patterns of severity, and identification of at-risk populations within DAF were
calculated. Results: Nearly a quarter of DAF injuries were FHW-related and de-
creased from 2008 to 2018. The highest rates were among males, younger
workers, and enlisted workers. Odds of severe injury increased with age group.
After adjustment, sex was not significantly different. Aircraft maintenance had
the most severe injuries, whereas metal workers had the highest rate. Conclu-
sions: Surveillance and focused interventions of high-risk groups, standardized
codes, and regular updating of training and procedures contribute to continued
reduction of FHW injuries.
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injuries

I n the US military, noncombat work-related injury rates are higher
than combat-related injuries and result in a considerable burden to
the healthcare system as well as days away from work, which hinders
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LEARNING OUTCOMES

e [dentify leading characteristics and details among work-
related, noncombat FHW injuries by severity, which could be
used to develop more specific research and prevention efforts
in the US Department of the Air Force.

e Compare differences in trends by severity of FHW injuries
in the US Department of the Air Force workers and identify
prevention strategies and areas for continued research.

military readiness.!~# More than one third of 30,000 injuries among
US soldiers overseas between 2003 and 2014 in Iraq and Afghanistan
were from noncombat related incidents, and two thirds of those injuries
occurred among members of the US Department of the Air Force
(DAF).2 Among deployed US Army military requiring medical evacua-
tions for severe injuries, 30% were from noncombat related injuries.>
Examining injuries within the military worker population offers
a valuable opportunity to better understand the specific causes and
consequences among this population, which may provide insights dif-
ferent from those found in the civilian workforce, due to the nature of
military tasks, environments, and physical demands.® Studying these
injuries can reveal distinct risk factors, patterns of injury, and out-
comes, potentially leading to more effective safety measures, training
programs, and prevention strategies, which are tailored to the military.
The complexity of the FHW anatomy can result in costly med-
ical treatments.”-® Lost production increases the cost of work-related
hand injuries beyond the healthcare costs.!®!! According to Occupa-
tional Safety and Health Administration (OSHA) Severe Injury Reports,
40% of employer-reported severe injuries involved upper extremities
(including arms, hands, fingers), with more than a fourth of those occur-
ring to the fingertips.!? Finger and hand injuries accounted for 17% of
the Bureau of Labor Statistics (BLS) nonfatal lost-time occupational inju-
ries in all industries, representing 581,720 injuries involving days away
from work, restricted work activity, or job transfer cases in 2021 and
2022.13 Workers rely on the dexterity, flexibility, and tactile sensation of
their FHWs to perform a wide variety of work activities.!# This is espe-
cially true among occupations that have high rates of acute traumatic hand
injuries, in conjunction with more time away from work, such as mechan-
ics, welders, maintenance workers, manual workers, and laborers.!4-16
The severity of a hand injury can be defined by the resulting
disability, cost of recovery, functional impacts, and the ability to return
to work.8-17:18 Hand injuries with a loss of grip strength have resulted
in a longer return to work.8 Even though some injuries may not appear
to be serious, they can result in lost work time, temporary change in
job, or loss of job.8:19 In a study of mine workers, more than half of
FHW injuries did not result in long recovery times, but some resulted
in lengthy and costly recoveries and led to disability.2® Efforts to pre-
vent work-related FHW injuries could benefit from a better under-
standing of the events and activities that lead to those injuries.2? Severe
injuries resulting in the inability to return to work can reduce quality of
life; therefore, it is important to improve return to work outcomes.?!
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Fingers, hands, and wrists are the leading areas of the body in-
jured among US Army active duty personnel.?? Finger and hand injuries
were among the four leading diagnoses among military ambulatory
visits in 2022.23 The rate of hand and wrist injuries was among the three
highest injury rates in the US military between fiscal years 2008 to
2017, and the leading nature of these injuries was open wounds (27%)
as well as sprains and strains (25%).!!

The DAF provides ground safety guidance for workers to reduce
the high number of hand injuries.2* Previous findings indicated a lower
rate of FHW injuries in the DAF compared with US workers; however,
these injuries are a burden, especially because they are the most fre-
quently injured body parts among DAF workers.2> As with other worker
populations, the majority of FHW injuries in the DAF are low severity.
Although most severe injuries receive thorough investigations in the
DAE there is a need for more research on nondisabling injuries that lead
to lost workdays.2¢ Understanding the events and activities that produce
nonfatal FHW injuries can improve the prevention efforts by the DAF.26

The overall goal of this study was to examine FHW injuries by
severity among DAF personnel to enhance understanding of severe
FHW injuries to the DAF, as well as other military agencies and private
industry. Also, this article was part of a dissertation examining work-
related FHW injuries.2” We analyzed data from the Air Force Safety
Automated System (AFSAS) from 2008 to 2018 to better understand
how FHW injuries occur and which demographic and occupational
groups may be at greatest risk. Specifically, we aimed to determine
rates and patterns of both severe and nonsevere FHW injuries in a large
sample of DAF workers, evaluate trends over time, and identify poten-
tial key demographic risk factors.

METHODS

Air Force Safety Automated System (AFSAS)

Local safety professionals in the DAF input data related to mil-
itary and civilian work-related mishaps into the injury surveillance
system, AFSAS. The Department of Defense Instruction policy
6055.07 defines the conditions for mishap notification, investigation,
reporting, and recordkeeping of mishaps.28 Mishaps, in the US mili-
tary, are identified as injuries to individuals or damage to property that
occur as a result of an unforeseen event.2?-3% The focus of this analysis
is mishaps as a result of an injury; therefore, property damage-related
mishaps that resulted in no injury were excluded. Exclusions in
AFSAS include suicides, homicides, or combat-related injuries; this
is due to AFSAS noncombat unintentional injuries.?3-26 This study in-
cluded all personnel injured in an injury event because they can in-
clude multiple personnel and was limited to on-duty DAF enlisted, of-
ficer, and civilian personnel. Basic military training being completed
by enlisted and officer is not included in this dataset.?® Appendix 1
(http://links.Iww.com/JOM/C113) contains the complete list of inclu-
sion and exclusion criteria of AFSAS for this study. The AFSAS clas-
sifies the severity of the injury-producing events into five classes:
Class A being the most severe through Class E resulting in minor in-
juries and close calls/near misses; details of the classes can be found
elsewhere.25-26 This analysis excluded Class E injuries.

Categories of injury in the study sample were limited to ground,
aviation, and motor vehicle. Events related to criminal activity, self-
harm, or worker dependents and workplace violence—related injuries
were excluded because they were not routinely included in AFSAS.
Military unique tasks like afloat and weapons-related injuries were
excluded. Class A through Class C injuries were categorized to-
gether as severe injuries due to the small number of Class A and
B injuries that could potentially be identifiable. Class D injuries,
those treated but resulting in less than 1 day away from work be-
yond the day of injury, were categorized as nonsevere injuries.

As the FHW is event-based only, the most serious or main in-
jury category is captured based on the initial assessment by the Safety
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Office at the time of injury. The FHW body parts of interest in this
study were coded as “finger” and “hand/wrist.” Because of possible
inconsistencies with how finger and hand/wrist injuries were coded
(eg, knuckle injuries) and some hand and wrist injuries can affect
the use of fingers, FHW injuries were combined. Additionally, multi-
ple parts of the body could be involved, but only the part of the body
affected by the main injury is coded.

Demographic Data

Demographic data were obtained from the Interactive Demo-
graphic Analysis System (IDEAS), an aggregated DAF personnel de-
mographic database that is updated monthly for civilians and weekly
for military personnel and captures the entire DAF military and civil-
ian population. Demographic data provided included age groups, sex,
and personnel status (ie, enlisted, officer, civilian). Seventeen occupa-
tional groups were developed utilizing occupational codes with the as-
sistance of a DAF human resources specialist. Analysis of occupa-
tional groups was limited to 2009 to 2018.

Rate and Adjusted Rate Calculations

Injury rates were calculated for FHW injuries in the DAF from
2008 to 2018 per 10,000 workers using the number of injuries from
AFSAS divided by the population of workers from IDEAS. Confi-
dence intervals were calculated on the rates by assuming that the count
of injuries was one realization derived from a Poisson distribution with
a lambda parameter equal to the count. Rate confidence intervals were
determined by:

Confidence interval per 10,000 workers = (number injured +
1.96 x Jnumber injured)/number of workers x 10,000

A X2 test was used to determine if there was a statistically sig-
nificant relationship between variables and severity of FHW injury.

Unadjusted odds ratios (uORs) with accompanying 95%
confidence intervals (CIs) were calculated using univariate logistic
regression. The outcome variable was severity of FHW injury (Class
A—C versus Class D). A modeling process was used to develop a
multivariable logistic regression, adjusting for the following: sex;
age group; sex and age group; sex, age group, and occupational
group; and sex, age group, occupational group, and Air Force group
(enlisted, officer, and civilian). The adjusted odds ratios (aORs)
with accompanying 95% Cls can be considered adjusted for all
other variables included in the model. Analysis for this article was
conducted using SAS 9.4.

Trend Analysis

The analysis of annual trends was performed using piecewise
linear regression with joinpoint models.3! This approach evaluates ad-
justments in trends over time and identifies significant increases and
decreases in trends. The joinpoint analysis examined time trends in a
structured manner and tested if trends between joinpoints were statis-
tically significant. The recommended number of joinpoints applied in
the model was derived using statistical algorithms based on the num-
ber of data points, with a default of a maximum of 1 joinpoint for 7 to
11 data points.3? The slope of the line segment, direction, and magni-
tude of the trends were used to create the annual percent change
(APC) of the line segment between joinpoints. A P value of <0.05 indi-
cated if an increase or decrease of the slope was considered a statistically
significant change in the trend (hereafter referenced as “significant” in
the results). The analysis was conducted using Joinpoint Regression
Program Version 5.0.2 (National Cancer Institute).33 This activity
was reviewed by CDC, deemed research not involving human sub-
jects, and was conducted consistent with applicable federal law
and CDC policy.34
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RESULTS

Demographics

After applying study exclusion criteria to AFSAS, 14,549
FHW injuries were reported during the 11-year study period. The cu-
mulative total population of the DAF (enlisted, officers, and civilians)
during the study timeframe was 5,219,230 (an annual average of
474,470), of which 32% were civilian workers (Table 1). Of those in
the DAF, more than half (54%) of the study population were enlisted,
and the majority were younger than 30 years (64%) and male (81%).
Officers were a smaller proportion of the study population (13%),
and the majority were younger than 35 years (55%) and male (80%).
Although there are age requirements for enlisted and officers joining
the DAF, there are no such requirements for civilian personnel. The
DAF civilian population was older (93%, 30 years and older) than
the enlisted personnel and officers. The number of DAF workers annu-
ally remained stable over the study period (Table 1).

Injury Characteristics by Severity of FHW Injury

Finger, hand, and wrist-related injuries were the most common
DAF work-related, noncombat body part injuries. Nearly a quarter (24%)
of injuries in the DAF were FHW-related injuries, with an overall injury
rate of 27.9 per 10,000 workers (Table 2). The majority of the FHW in-
juries in the DAF were nonsevere injuries (88%). The majority of FHW
injuries were among males in the DAF (80%) compared to females
(20%), and males had the highest rate of FHW injury (29 per 10,000
workers) compared to females. More than half of FHW injuries (58%)
were among those aged 30 years and younger compared to all other
age groups. Those 30 years and younger also suffered the highest rate
of FHW injuries (38.9 per 10,000 workers) compared to all other age
groups, including those of both severe and nonsevere injuries (severe,
4.5; nonsevere, 34.4 per 10,000 workers). Workers aged 60 years and
older had the second leading severe injury rate (3.7 per 10,000 workers).

More than half (62%) of FHW injuries were among enlisted
DAF workers, and they had the highest rate of FHW injuries (all,
31.8; severe, 3.8; nonsevere, 27.9 per 10,000 workers) compared to of-
ficers and civilians. The occupational group with the largest number of
FHW injuries was aircraft maintenance workers (all: 25%, n = 3246;
severe: 26%, n = 409). This is more than twice as high as other occu-
pational groups (Fig. 1A). Also, they had the second highest rate of se-
vere injury (6.3 per 10,000 workers). The highest rate of injuries was
among metal workers (114.7 per 10,000 workers, Table 2), which was
more than twice as high as all other occupational groups (Fig. 1B). Se-
vere FHW injury rates were nearly twice as high among metal workers
(11.6 per 10,000 workers, Table 2).

Most nonsevere FHW injuries were open wounds (56%), whereas
fractures were the most common severe FHW injuries (37%). The occu-
pations with the highest percentage of severe FHW injuries with a frac-
ture were aircraft maintenance workers (23%) and law enforcement,
safety, and investigations (13%). Among aircraft maintenance workers,
over half (53%, 1735) of the FHW injuries were open wounds. The lead-
ing FHW injury among metal workers was open wounds (58%, n =499),
followed by sprains and strains (14%, n = 119). The large majority of
FHW injuries among the medical sciences were open wounds (89%,
n = 1633), more specifically punctures (74%, n = 1363).

Severe FHW injuries most commonly involved parts and mate-
rials (15%) as well as machinery (14%), whereas nonsevere FHW in-
juries most often involved tools, instruments, and equipment (12%), as
well as machinery (12%). The leading object involved in FHW injury
among aircraft maintenance workers was aircrafts (28%, n = 923),
followed by machinery (18%, n = 583). The leading objects involved
in FHW injuries among metal workers were tools, instruments, and
equipment (24%, n = 207) and aircrafts (22%, n = 194).

The leading mechanism of injury was contact with objects
(64% nonsevere; 48% severe), followed by falls (16%). The highest
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rates of severe injury from a fall were among those aged 50 to 59 years
(1.0 per 10,000 workers) and 60 years and older (2.1 per 10,000
workers). In addition, over two thirds (67%) of all severe FHW fall in-
juries resulted in a fracture. More than two thirds of FHW injuries
among aircraft maintenance workers were from contact with an object
(68%, n = 2197). Half (50%, n = 434) of the FHW injuries among
metal workers were from contact with an object.

The large majority of FHW injuries occurred during the day
(7:00 AM to 5:59 pM, 80% of nonsevere and 76% of severe FHW inju-
ries, Fig. 2A). More specifically, the highest proportion (27%) of se-
vere FHW injuries occurred during the late morning, from 8:00 AM
to 10:59 aM (Fig. 2B).

Patterns and Trends in FHW Injuries

Annual Trend Analysis of FHW Injuries

The number and rate of FHW injuries decreased during the 11-
year period from 29.6 FHW injuries per 10,000 workers in 2008 to
22.7 per 10,000 workers in 2018, as did the rates by the level of sever-
ity. The joinpoint regression analysis determined that there was a sig-
nificant decrease in rates among FHW injuries in the DAF between
2011 and 2018, with a decrease of 1.4 per 10,000 workers per year
(95% CI, 1.0-1.8; P < 0.001) for all FHW injuries and a decrease of
1.3 per 10,000 workers per year (95% CI, 0.9-1.6; P < 0.001) for
nonsevere FHW injuries (Fig. 3A).

During the 11-year study period, DAF enlisted personnel had a
significant annual decrease in severe FHW injuries (Fig. 3B, a de-
crease of 0.3 per 10,000 workers per year; 95% CI, 0.2-0.4;
P =0.003) between 2012 to 2018. DAF civilians had an annual de-
crease in severe FHW injuries between 2008 and 2018 (Fig. 3B, a de-
crease of 0.2 per 10,000 workers per year; 95% CI, 0.1-0.3;
P < 0.0005). DAF civilians had a significant annual decrease in
nonsevere FHW injuries (Fig. 3C, a decrease of 2.0 per 10,000
workers per year; 95% CI, 1.8-2.1; P < 0.0005) between 2015 and
2018. Enlisted personnel had a significant annual increase in
nonsevere FHW injuries (Fig. 3C, an increase of 2.4 per 10,000
workers per year; 95% CI, 3.8-1.0; P = 0.02) between 2008 and
2011 and a significant annual decrease in nonsevere FHW injuries (a
decrease of 1.4 per 10,000 workers per year; 95% CI, 1.0-1.8;
P=0.001) between 2011 to 2018. Officers had a significant annual in-
crease in nonsevere FHW injuries (Fig. 3C, an increase of 1.7 per
10,000 workers per year; 95% CI, 2.3-1.1; P =0.001) between 2008
and 2013 and a significant annual decrease in nonsevere FHW injuries
(a decrease of 1.6 per 10,000 workers per year; 95% CIL, 1.0-2.2;
P =10.002) between 2013 and 2018.

Three of the six occupational groups with the highest number
of FHW injuries had significant annual decreases among severe inju-
ries during the study period (Fig. 3D): aircraft maintenance workers (a
decrease of 0.8 per 10,000 workers per year; 95% CI, 0.5-1.1;
P <0.005, between 2014 and 2018), engineering and construction (a
decrease of 0.8 per 10,000 workers per year; 95% CI, 0.3-1.2;
P =0.02, between 2013 to 2018), and military specific occupations
(a decrease of 0.2 per 10,000 workers per year; 95% CI, 0.1-0.3;
P =0.001, between 2009 and 2018).

Five of the occupational groups with the highest number of
FHW injuries demonstrated a significant decline in nonsevere FHW
injuries: metal workers (Fig. 3E, a decrease of 14.6 per 10,000 workers
per year; 95% CI, 7.0-22.1; P = 0.01, between 2009 and 2014); law
enforcement, safety, and investigations (a decrease of 1.8 per 10,000
workers per year; 95% CI, 1.2-2.4; P < 0.003, between 2012 and
2018); aircraft maintenance (a decrease of 1.4 per 10,000 workers
per year; 95% CI, 0.7-2.1; P=0.01, between 2009 and 2016); military
specific (a decrease of 1.3 per 10,000 workers per year; 95% CI, 0.7—
1.8; P=0.002, between 2009 and 2018); and engineer and construction
(a decrease of 1.2 per 10,000 workers per year; 95% CI, 0.9-1.5;
P = 0.0001, between 2009 and 2018). In contrast, DAF personnel
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FIGURE 1. Number and rate of FHW injuries by severity and occupation group, DAF, 2009-2018. (A) Number by severity of FHW
injuries by occupation group, DAF, 2009-2018. (B) Rate by severity of FHW injuries by occupation group, DAF, 2009-2018.

working in medical sciences experienced a significant increase in
nonsevere FHW injuries from 2009 to 2013 (an increase of 6.9 per
10,000 workers per year; 95% CI, 10.2-3.6; P < 0.01) followed by a
decline in nonsevere FHW injuries from 2013 to 2018 (a decrease of
5.9 per 10,000 workers per year; 95% CI, 3.6-8.1; P = 0.004).

Relation of Demographic Factors to Likelihood of
FHW Injury

Unadjusted Odds Ratios

Males experienced 22% higher odds (Table 3) for a severe
FHW injury compared to females. There were increasing odds of se-
vere FHW injury among older age groups, with a significant trend
(P value <0.0001). Those aged 60 years and older were 79%
(P <0.0001), and those 50 to 59 years were 24% (P = 0.02) more sig-
nificantly likely to have a severe FHW injury compared to those
30 years and younger. Civilians and enlisted were both more than
twice as likely to have a severe FHW injury than officers. Equipment,
facilities, and services (P < 0.0001); law enforcement, safety, and in-
vestigation (P = 0.005); transportation (P = 0.01); and administrative
and professional (P = 0.046) workers were significantly more likely

to have a severe FHW injury than maintenance workers. Metal workers
(P=0.0001) and medical science workers (P < 0.0001) were significantly
less likely to have a severe FHW injury than maintenance workers.

The odds of a severe FHW amputation (P < 0.0001), which includes
loss of fingertips, were 69 times higher, and burns (P < 0.0001) were more
than twice as high, compared to crush injuries. Severe FHW crush injuries
were significantly more likely to occur compared to severe open wounds
(P < 0.0001), sprains and strains (P < 0.0001), contusions (P < 0.0001),
and dislocation injuries (P = 0.0004). The odds of severe FHW injuries in-
volving vehicles (excluding aircrafts) (P < 0.0001), and chemicals and toxic
substances (P = 0.01) occurring were more than twice as high as the occur-
rence of severe FHW injuries involving aircrafts (Table 3). Injuries involving
tools, instruments, and equipment (P < 0.0001) were significantly lower
(47%0) compared to those involving aircrafts. The odds of a severe FHW in-
jury occurring from transportation (P < 0.0001) were more than six times
higher compared to tools and machines.

Adjusted Odds Ratios

After adjusting for age group, the results indicated that DAF
males (P = 0.0017) were 24% more likely to experience a severe
FHW injury compared to females (Table 3). However, after adjusting
for multiple groups (sex, age group, and occupational group; sex,
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FIGURE 2. Number of severe and nonsevere finger, hand, and wrist injuries by time of day, DAF, 2008-2018. (A) Number of
nonsevere finger, hand, and wrist injuries by time of day, DAF, 2008-2018. (B) Number of severe finger, hand, and wrist injuries

by time of day, DAF, 2008-2018.
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FIGURE 3. Annual trends in FHW injuries rates per 10,000 workers in the DAF, 2008-2018. (A) Annual trends in FHW injuries rates per
10,000 workers in the DAF, 2008-2018. (B) Annual trends in severe FHW injuries rates per 10,000 workers among DAF groups: civil-
ian, enlisted, and officer, 2008-2018. (C) Annual trends in nonsevere FHW injuries rates per 10,000 workers among DAF groups: ci-
vilian, enlisted, and officer, 2008-2018. (D) Annual trends in severe FHW injuries rates per 10,000 workers among occupational
groups in the DAF, 2009-2018. (E) Annual trends in nonsevere FHW injuries rates per 10,000 workers among occupational groups

in the DAF, 2009-2018.

age group, occupational group, and Air Force group), DAF females
had a 4% higher likelihood of severe FHW injury compared to males,
but this was not significant (P = 0.47). This result suggests that occu-
pational group is a confounder and that, in some occupations, females
have a higher risk of severe FHW injury.

Those aged 50 to 59 years (P = 0.01) and 60 years and older
(P < 0.0001) remained significantly more likely to have severe
FHW injuries compared to those 30 years and younger after adjusting
for sex. After adjusting for sex, age group, and occupational group,
only those aged 60 years and older (P < 0.0001) were significantly
more likely to have a severe FHW injury compared to those 30 years
and younger. However, after adjusting for sex, age group, occupational
group, and Air Force group, those aged 40 to 49 years (P = 0.009), 50
to 59 years (P = 0.0017), and 60 years and older (P < 0.0001) had a
significantly higher likelihood to have a severe FHW injury compared
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to those 30 years and younger. This indicated that Air Force group was
a confounder (magnitude of change ranging between 11% and 15%).

After adjusting for sex, age, and sex and age, civilians and en-
listed remained at a significantly higher likelihood of severe FHW inju-
ries compared to officers. However, after adjusting for multiple variables
(sex, age group, and occupation; sex, age group, occupation, and Air
Force group), the results were not significantly different.

The aOR results indicated that equipment, facilities, and ser-
vices; law enforcement, safety, and investigation; and transportation
workers were significantly more likely to experience severe injuries
than maintenance workers. The aOR results of metal workers and
medical science workers remained significantly less likely to experi-
ence severe injuries compared to maintenance workers. The aOR
(age; sex and age; sex, age group, and occupational group; sex, age
group, occupational group, and Air Force group) results indicate that
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TABLE 3. Odds Ratios for Variables and ED-Treated and Admitted Finger, Hand and Wrist Injuries, 2015 to 2022

Retail trade 4670-5790
Public administration
9370-9590

Administrative and support

1
0.76 (047, 1.23)

2.87 2, 4.11)

1
0.65 (0.4, 1.05)

2.5 (1.73, 3.61)

3.08 (2.27, 4.18)
1

0.76 (0.47, 1.23)

1
0.65 (0.4, 1.05)

Industry Sex and age Sex/Age/Industry
Unadjusted Sex Adjusted Age Adjusted Adjusted Adjusted Adjusted
uOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI)
Sex
Men 3.67 (3.1, 4.35) 3.64 (3.08, 4.31) 0.48 (0.4, 0.57) 3.64 (3.08, 4.31) 0.48 (0.4, 0.57)
Women 1 1 1 1 1
Age Group
15-24 years 1 1 1 1 1
25-34 years 1.19 (1.02, 1.39) 1.16 (1, 1.36) 1.14 (0.93, 1.39) 1.16 (1, 1.36) 1.14 (0.93, 1.39)
35-44 years 1.61 (1.29, 2.01) 1.55 (1.25, 1.92) 1.37 (1.1, 1.69) 1.55 (1.25, 1.92) 1.37 (1.1, 1.69)
45-54 years 2.01 (1.68, 2.42) 1.97 (1.65, 2.36) 1.73 (141, 2.13) 1.97 (1.65, 2.36) 1.74 (141, 2.15)
55+ years 2.42 (1.83,3.19) 2.36 (1.8, 3.1) 2.07 (1.52, 2.82) 2.36 (1.8, 3.1) 2.06 (1.51, 2.81)
Industry
Health care and social 0.21 (0.13, 0.36) 0.26 (0.15, 0.44) 0.21 (0.12, 0.35) 0.25 (0.15, 0.43) 0.25 (0.15, 0.43)
assistance 7970-8470
Manufacturing 1070-3990 2.39 (1.67,3.42) 2.07 (1.44,2.97) 2.32 (1.63, 3.3) 2 (1.4, 2.86) 2 (1.4, 2.86)
Accommodation and food 0.52 (0.35, 0.76) 0.53 (0.36, 0.77) 0.57 (0.39, 0.83) 0.58 (0.39, 0.85) 0.58 (0.39, 0.85)
services 8660—8690
Construction 0770 3.13 (2.28,4.29) 2.47 (1.79, 3.41) 242 (1.77,3.32) 2.42 (1.77,3.32)

1
0.65 (0.4, 1.05)

and waste management
services 7580-7790
Other services, except
public administration
8770-9290
Transportation and
warehousing
6070-6390
Agriculture, forestry,
fishing, and
hunting 0170-0290
All other***

249 (1.6,3.87)  2.29 (1.47,3.58)

1.77 (1.18, 2.65) 1.57 (1.05, 2.36)
4.52 (2.92, 6.98) 3.89 (2.51, 6.03)

2.35 (1.76, 3.14) 2.23 (1.68,2.97)

2.25 (1.69, 2.98)

2.82 (1.97, 4.05) 2.46 (1.7, 3.54) 2.46 (1.7, 3.54)
2.43 (155, 3.8) 223 (142,349) 223 (1.42,3.49)
1.67 (1.12, 2.48) 148 (1,2.2) 148 (1,22)
4.01 (2.63, 6.1) 343 (2.24,525)  3.43 (2.24,5.25)

2.12 (1.6, 2.8) 2.12 (1.6, 2.8)

The P-value for Wald chi-squared test statistic.
*Estimates did not meet NEISS-Work minimum reporting requirements.

**All other diagnosis includes: All other includes: ingested foreign object, aspirated foreign object, concussions, dental injury, internal organ injury, anoxia, hemorrhage, electric shock,

poisoning, submersion, not stated, and other.

*#% All other includes the following industries: mining, quarrying, and oil and gas extraction (0370-0490), wholesale trade (4070-4590), utilities (0570-0690), information (6470-6780),
finance and insurance (6870-6992), real estate and rental and leasing (7071-7190), professional, scientific, and technical services (7270-7490), management of companies and enterprises

(7570), educational services (7860—7890), and arts, entertainment, and recreation (8560-8590)

Boldface indicates statistical significance.

The sex and age adjusted model was adjusted for age only or alternatively, remove the numbers from the table. Similarly, a footnote and/or statement should be added to indicate that when
comparing sex the sex/age/industry adjusted model was adjusted for age and industry only. This should be repeated for comparisons for age group and industries. For industry comparisons,
the results under sex/age/industry could be removed as they are identical to sex and age adjusted.

production workers were significantly less likely to experience severe
injuries compared to maintenance workers.

DISCUSSION

Sex

Similar to the findings of this article, previous research has
demonstrated that work-related FHW injuries are higher among males
in the military and outside of the military.”-!135 US emergency depart-
ment data also indicate that about 68% of work-related FHW injuries
in 2022 occurred in males.3¢ The occupational groups with the highest
rates of hand injuries (production; installation, maintenance, and repair;
and construction and extraction) also have a large proportion of workers
who are male (ranging from 71% to 96%).37-38 Our overall findings also
indicated that the large majority of FHW injuries were among males
(80% of all FHW injuries and 83% of severe FHW injuries). However,
our adjusted analyses suggest that the apparent association of sex to
elevated likelihood of a severe FHW injury is largely attributable to

© 2025 American College of Occupational and Environmental Medicine

occupational differences. The two occupational groups that had the
highest percentage of severe FHW injuries among females were ad-
ministrative and professional (60%) and medical sciences (50%).

Age

In this study, we found that rates of severe FHW injuries
were highest in the youngest age groups in the DAF. Consistent with
our findings, previous research regarding hand and wrist injuries in
the military has documented higher rates among those aged 20 to
24 years and in junior service members.!! Similarly, younger workers
in construction have been found to have a higher rate of FHW injuries due
to lacerations, contusions, and punctures compared to older workers.35-3%

The rates of severe FHW injuries in the DAF were the second
highest among older workers, and the odds of a severe injury increased
with age. Prior work indicates that workers with negative return to
work outcomes following injuries are often older and have higher
physical demands and a lower level of education.®-2! In a prospective
study of severe hand injuries at a Swedish Emergency Department,
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Rosberg et al found the costs of work-related hand injuries to be higher
among those over the age of 50 years, which could be related to severity
of injury among older workers.!? Injuries among older workers have
been associated with more lost work days and longer recovery com-
pared to younger workers.*? It is especially important to prevent injuries
among older workers in industries like construction, because these older
workers generally contribute valuable skills and experience, which is
beneficial to younger workers.3® This study indicates that this is also im-
portant for the DAF.

Occupational Groups

Aircraft maintenance is a critical factor for aviation safety.*!
Aircraft maintenance workers had the highest percentage of FHW in-
juries and the second highest rate of severe FHW injuries in this study.
The large number of FHW injuries within this occupation can create a
burden to the DAF and the workers. Although many injuries to FHWs
among maintenance and repair workers may result in a short time away
from work and low costs, they have a high prevalence, resulting in a
cumulative financial burden on employers.#? Aircraft maintenance
workers in the DAF have the highest injury rate among lift, handle,
and carry-related injuries.*? Previous research in the DAF found a bur-
den of lost workday injuries among civilian and military personnel in-
volved in aircraft maintenance functions from handling aircraft com-
ponents, especially among aircraft maintenance technicians, identify-
ing prevention measures such as using mechanical lifts and detailed
trainings.*% Detailed injury narrative information from safety reports
of the severe injuries could be coded in greater depth to determine
the circumstances and commonalities of injuries among occupational
groups like aircraft maintenance workers.3

Safety among aircraft maintainers is changing due to automation
of some tasks and a system of checks and balances to improve safety com-
pliance, such as automatic verification that all task steps were taken and
confirming the qualifications of the aircraft maintainer and the inspecting
supervisor.** The overall goal is to improve safety oversight and ensure
that maintenance procedures are thoroughly followed, even as automation
becomes more prevalent in the process. Worker-informed prevention
strategies were previously successful at reducing fall injuries in
DAF personnel.#4 Similar strategies could be employed among DAF
aircraft maintenance workers and metal workers with a focus on FHW.

Decreases in machine-related hazards and improved work prac-
tices among metal workers occurred in response to ensuring that ma-
chine guarding and protective equipment were used and machines were
compliant with current safety standards.*> Similar to this study, previous
research on military hand and wrist injuries found that 11% were caused
by tools and machinery.!! Additionally, tools and machinery have also
been associated with hand crushing and clamping-related injuries.8
These findings underline the importance of safety protocols, appropri-
ate training, and regular inspections of equipment to reduce the risk of
injuries in military settings. This is especially important among oc-
cupational groups with high injury rates, like metal workers.

A large proportion of FHW injuries among medical sciences
workers involved punctures in this study. Among healthcare industry
workers, being treated for work-related needlesticks and sharps inju-
ries in US emergency departments, nearly all (99%) injuries were to
the finger and hand, and 63% were from punctures.*® It is important
for needle- and sharps-related injuries to be reported by personnel
working in medical sciences so that they can receive appropriate fol-
low-up care and treatment for exposures to contaminated instruments.
Workers in healthcare industries may have a higher likelihood of
reporting sharps-related injuries due to healthcare facility policies re-
quiring treatment, where other occupations may not have similar
policies.#¢ Efforts to reduce these injuries among medical science
workers include continuous education training on handling of sharps
and needles, strengthening safety protocols and standards, and the
use of safety devices for disposal of sharps and needles.47:48
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Injury Type

This study found fractures to be the leading severe FHW injury
type in the DAF. These types of injuries can be identified by radio-
graphs, examination, or advanced imaging.*® High rates of hand frac-
tures have been found among laborers.*® A study of DAF military police
injuries found that nearly a quarter (24%) of hand and finger injuries
were fractures.’” The highest percentage of severe FHW fractures in this
study were among aircraft maintenance workers and law enforcement,
safety, and investigations. Continued workplace procedures and safety
policies addressing reducing hand fractures in the military could help
to determine key factors to inform prevention strategies.>!

Mechanism of Injury

The leading mechanism of injury was contact with objects, which
is a broad category that would benefit from more detailed coding and nar-
rative review to inform prevention efforts. Falls was found to be the sec-
ond leading severe FHW mechanism of injury in this study, and the ma-
jority of those (67%) resulted in a fracture. Falls have been found to be a
leading mechanism of serious injuries in the US military.2>2 Previous re-
search found that the risk increases with worker age, and they are more
likely to have severe outcomes from falls, indicating the importance of in-
terventions to reduce falls among older workers.3-54

Trend Analysis

The annual decrease in FHW injuries in the DAF cannot be attrib-
uted to a specific intervention but is possibly due to a cumulative effect
from multiple safety improvements and unmeasurable secondary and ter-
tiary effects caused by upstream decisions. Some studies published in
2010 indicated the DoD's commitment to the prevention of occupational
injury utilizing their medical surveillance systems and a greater interest in
reducing the number of lost-workday injuries in the DAE35-57 According
to the Occupational Medicine Services Chief, a number of factors may
have contributed to the reduction of injuries in the DAF: the importance
command put on workplace safety and health, the participation of some
sites in the OSHA Voluntary Protection Program, installation of safety of-
fice efforts to reduce injuries, availability of on-base treatment of injuries,
and ongoing collaboration with unions.>® Additionally, technological ad-
vancements have possibly reduced injuries by replacing manual labor and
minimizing exposure to hazardous machinery.

There was a decrease in the number of injuries resulting in fatality,
and full and partial permanent disability (Class A and B) in the DAF since
2011; however, there was an increase in injuries resulting in at least 1 day
away from work beyond the day of injury (Class C).>® In 2013, the DAF
implemented the “Air Force Fall Prevention Focus™ and began participat-
ing in the National Safety Stand-down to prevent falls in construction and
adapted widespread countermeasures designed to reduce fall injuries
among DAF personnel.#+%0 The DAF has documented reductions in
nearly all types of work-related noncombat injury events since implemen-
tation. Additionally, the continued improvements in safety climate in the
DAF®! may have contributed to the decline in injuries.

Strengths and Limitations

A strength of the AFSAS dataset is that it enabled the DAF to
convene directed safety investigations to address emerging risks
among workers.%2 Also, AFSAS provides detailed safety data beyond
what is available in medical records.>® This study was limited to acute
FHW injuries among the military and civilians captured by the AFSAS
and is unlikely to have included musculoskeletal injuries or injuries
that are chronic.3 For example, carpal tunnel syndrome cases, a com-
mon work-related condition, are recorded in another Air Force data-
base that captures occupational illness. This study also did not contain
FHW injuries if they were self-treated or medical treatment was pro-
vided by a source outside of the DAF health network, as it relies on
events being reported to the safety office.>4 We also did not have
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access to any information on longer-term medical outcomes, such as
time off work or permanent disability. As with many other occupa-
tional datasets, there is the possibility of underreporting of injuries,
which could be due to many different reasons, including fear of reper-
cussion, convenience, or seeking treatment for injury outside of work.
Although some studies define amputation as a loss of bone, the DAF
amputation definition does not include loss of bone; for example, the
loss of the tip of the finger is coded as an amputation.®>-¢© The FHW
injuries captured by AFSAS also lack information on continued med-
ical care, rehabilitation, and return to work. Because of the low number
of Class A and B injuries, they had to be grouped with Class C injuries
for analysis of severe injuries. For our analysis, we did not have access
to more detailed demographic factors, such as education, length of ser-
vice, medical history, or repeated injuries. In addition, the military
could benefit from providing training on ICD-10 guidelines to im-
prove the specific cause of injury coding and provide more specific in-
formation on the nature of injuries, especially those that are more
severe.326 The DAF is currently examining how to update injury cod-
ing represent detailed injury information better.

CONCLUSIONS

This study examined FHW injuries by severity among DAF
personnel to determine rates and patterns among DAF workers, evalu-
ate trends over time, and identify potential key demographic risk fac-
tors. The findings of this analysis found that the majority of FHW in-
juries were among DAF males; however, adjusted analyses suggested
that an apparent association of male sex to elevated likelihood of a se-
vere FHW injury is largely attributable to occupational differences.
Occupational groups that had the highest percentage of severe FHW
injuries among females were administrative and professional, and
medical sciences. Additionally, this analysis found that the youngest
age group had the highest number of severe FHW injuries, yet the odds
of a severe injury increased with age.

Future efforts within the DAF to reduce FHW injuries could fo-
cus on developing tailored prevention efforts that address all workers,
including the specific needs of high-risk groups, such as males
(targeting females in high-risk occupations), younger, older, aircraft
maintenance, and metal workers. There is a need to continue to em-
phasize the significance of safety protocols, training, and inspection
of equipment to minimize the risk of fracture and wound injuries in
the military from leading sources like parts and materials, machin-
ery, and aircrafts. Further research could be beneficial to understand
factors contributing to more severe injuries, as well as the continual
enhancement of surveillance efforts to provide more detailed narra-
tive information on the circumstances of the injury event and de-
tailed coding to describe the nature of injuries. The safety reports
contain detailed free text on the circumstances surrounding the in-
jury event. Automated analysis of free text comments or machine
learning could be used to gain more detailed information on how
the injuries occurred and determine if injuries resulted from specific
tools or tasks. Such analyses have proven useful in other settings.67—
70 In addition, there is a continued benefit to regularly examining if
current trainings and policies need to be updated and modified to im-
prove worker safety. Examining investigation records of severe
FHW injuries (Class A through Class C) could provide useful infor-
mation on exactly how the injuries occurred and might assist efforts to
prevent these injuries. Linkage to other databases on longer-term medi-
cal outcomes, such as time off work or permanent disability, would also
provide valuable information to better target specific causes of the more
disabling injuries.
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