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ABSTRACT
Background Although firefighting and emergency
medical services are high-risk professions, few studies
have identified the aetiology of injury in the fire service
beyond the fireground.
Methods Data were collected for work-related injuries in
a medium-sized metropolitan fire department. In
a descriptive study, the factors explored included the
nature of injury, agent, mechanism, body location,
environment, abbreviated injury scale (AIS), functional
capacity index (FCI) and lost time status.
Results From 2004 to 2009, the annual injury incidence
rate averaged 17.7 per 100 employees. One-third of all
injuries (32.9%) resulted from physical exercise activities,
while patient transport, training drills and fireground
operations resulted in 16.9%, 11.1% and 10.2% of
injuries, respectively. For all job operations, sprains and
strains were the most prevalent type of injury
(40.2e85.2%), followed by contusions and lacerations
(7.7e26.1%). The third most common injury was related
to the conventional hazards of the individual job
operation. Most injuries (n¼862, 95.6%) were minor in
severity, while 4.3% of injuries were classified as having
some impedance of normal function (FCI 3). Moderate
injuries (AIS 2) were infrequent, but comprised a greater
proportion of fireground injuries (8.7%) than the other
activities (1.0e4.1%); however, lost time injuries were
more frequent for patient transport (46.1%) than other
operations (22.0e29.1%).
Conclusions Physical exercise, patient transport and
training activities were responsible for a greater
percentage of injuries than fireground operations.
Focused efforts to improve the characterisation of risks
during these more diverse set of work processes should
help guide the development of salient strategies for
injury prevention.

Globally, the burden of occupational injury is
significant and largely preventable.1 2 In the USA,
4340 fatal work-related injuries were reported in
2009.3 The incidence rate of non-fatal injuries
among private industry workers was 3.4 per 100
workers, while public sector workers showed
a significantly higher rate of 5.8 per 100 workers.4

Using year 2000 data, it was estimated that the
economic burden of medical treatment and lost
productivity due to injury totalled more than US
$406 billion, with most of the costs attributed to
lost productivity.5

Combined, firefighting and emergency medical
services have been shown to have one of the
highest occupational incident rates for injury and
fatalities.6e8 Among the 1.1 million career and
volunteer firefighters in the USA in 2009, 78 150
injuries were reported, a rate of 6.8 injuries per 100

firefighters.9 10 Since the late 1970s, the number of
structural fires has decreased steadily,11 most
notably due to the advent of improved fire
suppression and protection systems. However,
firefighters have taken on additional responsibilities
and are considered first responders for all emer-
gencies (eg, fire, hazardous materials, medical
responses, natural disasters and terrorist acts). In
one jurisdiction, the City of Tucson, 84.4% of the
79 380 fire department emergency dispatches
recorded in 2009 were medical emergencies (Tucson
Fire Department, personal communication, 2011).
This high proportion of calls due to medical emer-
gencies is consistent with many fire departments
now in which medical responses constitute the
predominant type of response activity. With these
additional roles and responsibilities comes a host
of dynamic occupational hazards and risk-laden
environments that must be identified and managed.
Studies that have investigated injuries within the

fire service have generally focused on aspects of
fireground operations.7 12e15 The International
Association of Fire Fighters recently summarised
contributory factors to injuries, emphasising how
the limited scope of research has been directed only
to the variety of physical tasks and hazardous
exposures on the fireground.16 In order to obtain
a better understanding of the circumstances in
which injury events occur, the present study seeks
to build on this earlier work and explore injuries
not only on the fireground, but also during other
fire service activities.

METHODS
This analysis reflects the first phase of a 4-year
project to introduce a participatory-based, risk
management system within the fire service in an
effort to identify and develop relevant control
strategies for preventing injuries.

Setting and population
This descriptive study was designed to explore
injuries occurring in the Tucson Fire Department
(TFD), a medium-sized metropolitan fire depart-
ment in the southwest USA. Fire service personnel
include firefighters, paramedics, engineers, inspec-
tors, battalion chiefs, etc., referred to in this report
as emergency service employees (ESE). The
TFD consists of approximately 650 career ESE,
operating 21 fire stations and responding to nearly
538 000 residents. In 2009, 84.4% of dispatches
involved either basic or advanced life support, while
9.4% encompassed fire-related suppression activi-
ties. The remaining 6% focused on basic rescue,
hazardous materials and technical rescue (eg,
swift water, trench, confined spaces). TFD ESE
averaged 41 years of age, 5% were women, and
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race/ethnicity was reported as 76.4% non-Hispanic white,
followed by Hispanic (19.6%), with all other groups each
comprising less than 3% of the total.

For all emergency responses, the priorities of TFD include life
safety, stabilising the incident and property conservation. As
a simplified description of roles during a one-alarm fire, a fire
engine consists of two firefighters, one engineer and a captain.
The captain oversees, assesses and directs all activities of his or
her crew. The engineer operates all functions of the fire appa-
ratus (eg, pressure gauges, etc.) and equipment needed for
suppression and rescue activities, while the firefighters’ primary
role is to engage in any search and rescue efforts while actively
suppressing the fire. All members of this population are certified
as basic-level emergency medical technicians. Paramedics in this
department are all trained firefighters who have additional
specialty training and certifications to administer advanced life
support in the field and during transport to a definitive care
facility. As a situation becomes larger or more complex, addi-
tional personnel and resources are allocated and responsibilities
may change.

Data sources and analyses
Data were abstracted from TFD injury reports, which contained
information about the employee (eg, age, rank), the injury, and
contributory factors to the injury event. Summarised annual
surveillance databases were received for work-related injuries and
illnesses that occurred from 2004 to 2009. End-of-year counts of
ESE (by rank) and workforce demographics (eg, age, race/
ethnicity) and dispatch data were obtained from the human
resources department of TFD in order to generate incidence rates.

Inclusion criteria for the present study consisted of all enrolled
ESE. While cardiac events (eg, stroke, heart attack, etc.) are the
most frequent cause of line of duty deaths in the fire service,17

these events (along with heat exhaustion, stress and other
medical issues) were excluded because these conditions are
neither musculoskeletal nor integumentary, which are the foci of
our analysis.

For TFD, a reportable injury is defined in accordance with
Occupational Safety and Health Administration (OSHA) regu-
lations (29 CFR, 1904.7) (ie, medical treatment, restricted work
time, or lost work time), in addition to any injury that occurred
to specific body regions: eye, neck, back, knee, ankle and
shoulder. The surveillance database includes internally docu-
mented injuries (ie, those deemed non-OSHA reportable, but
recorded in the TFD system), which had no immediate loss of
job function or capabilities, but are documented in the event the
injury later progresses to a point requiring a report and or
treatment (eg, due to cumulative or repeated trauma).

Classification of injuries
The general characteristics of injury events evaluated and clas-
sified in this study included: (1) nature of injury, describing the

physical characteristics of the injury; (2) part of the body
directly affected; (3) energy source (or agent) that directly
inflicted the injury or illness; (4) mechanism of injury, which
describes the manner in which the injury was inflicted by the
source; and (5) secondary sources that contributed to the event
or exposure. Injuries were assessed for anatomical severity using
the 2008 version of the abbreviated injury scale (AIS).18 Included
in the most recent AIS coding structure is a prediction score for
functional impairment (ie, the functional capacity index; FCI),
which ranks the anticipated level of functional ability 1 year
after the injury event. AIS and FCI were evaluated to add
a standardised measure of severity and expand on the more
common occupational use of indicating lost time. When
available, a review of the narrative section was used to classify
better the risk factors (ie, actions, agents and environmental
characteristics) involved in the injury event.
Statistical analyses were focused on the descriptive and

distributional characteristics of injury events and their outcome,
as well as estimates for the annual population incident rate of
injuries. Analyses were conducted using Stata software, V.11.1
(StataCorp, College Station, TX, USA). Human subjects’ approval
and monitoring was provided by the University of Arizona
Institutional Review Board.

RESULTS
As shown in table 1, 902 injuries were reported among ESE
between the years 2004 and 2009, with annual incidence rates
ranging between 13.6 and 21.5 injuries per 200 000 h (equivalent
to 100 full-time employees). The mean age of those injured was
37.9 years (range 20e64 years), compared with 41 years among
the entire workforce. Sixty-four per cent of injuries were among
those in their 30s and 40s.
The 902 reported injuries were sustained among 409 individ-

uals. Therefore, 45.3% of injuries were repeated injuries, ranging
between two and nine injuries to the same person over a 6-year
time period. The median time between repeat injuries was
345 days (approximately 11 months) and ranged between 2 and
2067 days (approximately 5.7 years). The current analysis did
not determine the extent to which the sustained repeated
injuries were to the same body location.
The majority of ESE in this study worked five 24-h shifts over

the course of a 9-day tour, followed by six consecutive days off.
The day of tour for an injury occurrence was available for 87.3%
of the injuries (n¼282) that occurred during the most recent
2 years of these data. Most injuries (23.2%) were reported on the
third day of tour, while the fifth day of the tour amassed 19.5%
of injuries. The first, second and fourth days of tour accounted
for 15.5%, 15.8% and 13.3% of the reported injuries, respectively.
The beginning of shifts (from 07:00 to 13:00 hours) showed

a considerably higher occurrence of injuries (56.0%) compared
with other periods of the shift (figure 1), and appears to
be related to the tendency to conduct physical exercise and

Table 1 Annual injury frequency (N¼902) and incidence rate, 2004e9

Year
Injury
frequency No employed 24-h Employees 8-h Employees

Total hours
worked*

Incidence rate
(per 200 000 h)

2004 129 530 477 53 1 441 600 17.9

2005 128 577 490 87 1 546 000 16.6

2006 148 625 518 107 1 664 400 17.8

2007 174 659 566 93 1 770 800 19.6

2008 199 694 580 114 1 852 000 21.5

2009 124 667 613 54 1 824 400 13.6

*Based on an average of 2800 and 2000 h worked by 24 and 8-h employees, respectively.
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training drills at the beginning of shifts, as 74% of exercise
injuries and 51% of training-related injuries occurred during this
time of day.

Sprains and strains accounted for 67.1% of injuries, primarily
to the lower and upper extremities and back (table 2). Contu-

sions and lacerations were also prevalent, accounting for 18.6%
of all injuries. Approximately 52% of injuries were among fire-
fighters and paramedics (53.2% of the 2009 population), while
44% encompassed recruits, engineers and captains (39.1% of the
2009 population). Firefighters had the most number of injuries,
regardless of the nature. The distribution of injuries was reflec-
tive of the proportion of job ranks and primary job responsi-
bilities, as the majority of ESE are firefighters. Captains,
engineers and paramedics contributed an equal proportion of the
workforce; however, the variability of job activities was greatest
among firefighters and paramedics.
Of the 902 injuries, 95.6% were classified as minor (AIS 1),

while 3.2% were scored as moderate (AIS 2), consisting of
fracture, dislocation, inhalation and electrical injuries, and none
were scored as serious or greater (AIS 3e6). Eleven injuries
(1.2%) lacked sufficient detail for scoring. The FCI indicated that
most injuries (82.0%) were classified as having ‘most but not all
normal function’ (FCI 5), while 4.3% had some impedance of
normal function (FCI 3). Thirty per cent of injuries were
reported as requiring lost time from work, most often the result
of a sprain or strain. Among the lost time injuries, the median
number of days lost was 6.0 with a range from 1 to 199.
One-third of all injuries (32.9%) were the result of physical

exercise activities (excluding training drills), while 16.9%, 11.1%
and 10.2% occurred during patient transport, training and fire-
ground operation processes (table 2). Table 3 further details the

Figure 1 Distribution of reported injuries by time of occurrence
(N¼883), 2004e9.

Table 2 Distribution of injury type by descriptive variables, 2004e9

Injury Type, N (%)

Burn
(n[26)

Contusion,
laceration (n[168)

Fracture,
dislocation (n[30)

Puncture
(n[24)

Sprain, strain
(n[605)

Other*
(n[49)

Total
(N[902)

Body region

Lower extremity 5 (19.2) 36 (21.4) 12 (40.0) 6 (25.0) 270 (44.6) 5 (10.2) 334 (37.3)

Upper extremity 14 (53.8) 72 (42.9) 9 (30.0) 13 (54.2) 97 (16.0) 4 (8.2) 209 (23.2)

Back/spiney 0 (0) 3 (1.8) 0 (0) 0 (0) 195 (32.2) 0 (0) 198 (22.0)

Head/face/neck 6 (23.1) 40 (23.8) 8 (26.7) 4 (16.7) 11 (1.8) 32 (65.3) 101 (11.2)

Torso 0 (0) 14 (8.3) 1 (3.3) 1 (4.1) 16 (2.6) 4 (8.2) 36 (4.0)

Otherz 1 (3.9) 3 (1.8) 0 (0) 0 (0) 13 (2.2) 4 (8.2) 21 (2.3)

Missing 0 (0) 0 (0) 0 (0) 0 (0) 3 (0.5) 0 (0) 3 (0.3)

Lost time

No 21 (80.8) 132 (78.6) 17 (56.7) 22 (91.7) 395 (65.3) 44 (89.8) 631 (70.0)

Yes 5 (19.2) 36 (21.4) 13 (43.3) 2 (8.3) 210 (34.7) 5 (10.2) 271 (30.0)

AIS

Minor 26 (100) 168 (100) 9 (30.0) 23 (95.8) 605 (100) 31 (63.3) 862 (95.6)

Moderate 0 (0) 0 (0) 21 (70) 0 (0) 0 (0) 8 (16.3) 29 (3.2)

Missing 0 (0) 0 (0) 0 (0) 1 (4.17) 0 (0) 0 (0) 11 (1.2)

Rank

Firefighter 16 (61.5) 65 (38.7) 15 (50.0) 7 (29.1) 155 (25.6) 19 (38.8) 277 (30.7)

Paramedic 3 (11.5) 35 (20.8) 4 (13.3) 6 (25.0) 134 (22.2) 8 (16.3) 190 (21.1)

Captain 0 (0) 21 (12.5) 3 (10.0) 4 (16.7) 101 (16.7) 13 (26.5) 142 (15.7)

Recruit 5 (19.2) 11 (6.5) 5 (16.7) 1 (4.2) 109 (18.0) 3 (6.1) 134 (14.9)

Engineer 2 (7.7) 26 (15.5) 2 (6.7) 6 (25.0) 80 (13.2) 5 (10.2) 121 (13.4)

Inspector 0 (0) 5 (3.0) 1 (3.3) 0 (0) 17 (2.8) 0 (0) 23 (2.6)

Chiefx 0 (0) 5 (3.0) 0 (0) 0 (0) 9 (1.5) 1 (2.0) 15 (1.7)

Job operation

Patient transport 0 (0) 26 (15.5) 1 (3.3) 5 (20.8) 116 (19.2) 4 (8.2) 152 (16.9)

Fireground 14 (53.9) 24 (14.3) 2 (6.7) 5 (20.8) 37 (6.1) 10 (20.4) 92 (10.2)

Physical exercise 0 (0) 23 (13.7) 14 (14.7) 1 (4.2) 253 (41.8) 6 (12.2) 297 (32.9)

Training and drilling 7 (26.9) 20 (11.9) 2 (6.7) 1 (4.2) 68 (11.2) 2 (4.1) 100 (11.1)

Other{ 5 (19.2) 75 (44.6) 11 (36.7) 12 (50.0) 131 (21.7) 27 (55.1) 261 (28.9)

*Includes electrical, eye, inhalation and non-descriptive ‘medical’ injuries.
yAssumed to be primarily lower back or lumbar region.
zExternal and multiple injuries, as classified by the abbreviated injury scale (AIS).
xCombination of battalion, deputy, assistant and fire chiefs.
{May include technical rescues, motor vehicle crash, cleaning, maintenance, travel to/from work, etc.
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distribution of injuries by job operation. Sprains and strains
accounted for 67.1% of all injuries, primarily to the extremities
and back, but only 40.2% of injuries during fireground opera-
tions. Contusions and lacerations were also prevalent,
accounting for 18.6% of all injuries, but comprised only 7.7% of
physical exercise-related injuries. The third most common injury
type parallelled the expected hazards to the individual operation:
burns during fireground operations (15.2%) and training drills
(7.0%); punctures during patient transport (3.3%); and fractures
and dislocations (4.7%) during physical exercise. Moderate
injuries (AIS 2) comprised a greater proportion of fireground
injuries (8.7%, n¼8) than the other activities (range 1.0e4.1%),
while lost time injuries were proportionally higher (46.1%,
n¼70) in patient transport injuries than other job operations
(range 22.0e29.1%). The mechanism by which an injury
occurred was most often acute overexertion (53.1%), followed
by cutting or piercing (9.8%), and being struck by or caught
between an object (8.3%). Thermal mechanisms were identified
with only 2.6% of all injuries.

DISCUSSION
Most emergency response activities require awkward posi-
tioning and significant exertion, increasing the likelihood of
injury as well as the need for above-average functional move-
ment. Moore-Merrell et al16 suggested that on-duty injuries were
likely to be the result of multiple contributory factors acting in
concert with each other; however, no known studies of the fire
service have provided a comprehensive description of the
hazards and risks of operational responsibilities. While most
studies related to the fire service have focused attention on the
hazards and injuries during fireground operations, findings from
the current study indicate that the largest percentage of injuries
result from participation in some form of mandatory physical
exercise during one’s shift. These injuries occurred at twice the
frequency of the next highest job task (ie, patient transport).

The purpose of physical exercise is to prepare one for their job
and to condition a person to perform those job tasks with the
utmost amount of efficiency, so that injuries are prevented.
Therefore, it is somewhat of a paradox that physical exercise,
which aims to prevent injuries (and other adverse health
outcomes), is actually the most frequent cause of injury. The
role that physical exercise plays in the occurrence and severity of
injury has not been well documented in the emergency services.
Exploring the root causes of these events and the manner in
which physical exercise is performed, monitored and evaluated
should be of greater emphasis within the fire service. The types
of exercise practised by TFD include a wide range of activities
(eg, jogging, basketball, circuit training, olympic lifting, meta-
bolic conditioning, interval training, etc.), and vary in exercise
programming structure and management. As supported by
Barklage,19 fire departments should institute, promote and
maintain a comprehensive fitness and performance programmes
to ensure opportunities for maintaining the proper level of
fitness necessary to complete the myriad of physical job tasks
performed by ESE, and thereby decreasing the potential for acute
and cumulative injuries. There are also obvious benefits to
comprehensive fitness programmes, most notably the potential
prevention of cardiovascular disease, which as mentioned earlier
is the leading cause of line-of-duty deaths in the fire service. The
National Fire Protection Association standard 1583 (standard on
health-related fitness programmes for fire department members)
provides relevant policies governing this aspect of work.
In addition to physical exercise, injuries were frequent during

patient transport, training drills and fireground operations.
Nearly 85% of emergency dispatches are in response to some
type of medical issue(s), representing the most frequently
performed activity by fire service personnel in TFD; whereas the
most frequently trained activity understandably focuses on
fireground operations, as this environment typically involved the
most variability and the greatest number of hazards that pose
a threat to life. Patient transport research has predominantly

Table 3 Distribution of injury type and mechanism by job operation, 2004e9

Physical exercise
n[297

Patient transport
n[152

Training drills
n[100

Fireground
operations n[92

Other*
n[255

Total
N[902

Injury type

Sprain/strain 253 (85.2) 116 (76.3) 68 (68.0) 37 (40.2) 131 (50.2) 605 (67.1)

Contusion/laceration 23 (7.7) 26 (17.1) 20 (20.0) 24 (26.1) 75 (28.7) 168 (18.6)

Fracture/dislocation 14 (4.7) 1 (0.7) 2 (2.0) 2 (2.2) 11 (4.2) 30 (3.3)

Burn 0 (0) 0 (0) 7 (7.0) 14 (15.2) 5 (1.9) 26 (2.9)

Medicaly 5 (1.7) 2 (1.3) 0 (0) 0 (0) 17 (6.5) 24 (2.7)

Puncture 1 (0.3) 5 (3.3) 1 (1.0) 5 (5.4) 12 (4.6) 24 (2.7)

Eye, not further specified 1 (0.3) 0 (0) 2 (2.0) 4 (4.4) 10 (3.8) 17 (1.9)

Inhalation 0 (0) 2 (1.3) 0 (0) 4 (4.4) 0 (0) 6 (0.7)

Electrical injury 0 (0) 0 (0) 0 (0) 2 (2.2) 0 (0) 2 (0.2)

Mechanism of injury

Acute overexertion 243 (81.8) 103 (67.8) 40 (40.0) 24 (26.1) 69 (26.4) 479 (53.1)

Cutting, piercing 7 (2.4) 20 (13.2) 5 (5.0) 16 (17.3) 40 (15.3) 88 (9.8)

Struck by/caught between 18 (6.1) 10 (6.6) 10 (10.0) 6 (6.5) 31 (11.9) 75 (8.3)

Fall 8 (2.7) 4 (2.6) 5 (5.0) 12 (13.0) 14 (5.4) 43 (4.8)

Thermal effect 0 (0) 0 (0) 6 (6.0) 14 (15.2) 3 (1.2) 23 (2.6)

Transportation-relate 0 (0) 1 (0.7) 2 (2.0) 0 (0) 17 (6.5) 20 (2.2)

Foreign body in orifice 1 (0.3) 1 (0.7) 1 (1.0) 6 (6.5) 9 (3.6) 18 (2.0)

Electrical, radiation or other 0 (0) 0 (0) 0 (0) 2 (2.2) 11 (4.2) 13 (1.4)

Chemical effect 0 (0) 2 (1.3) 1 (1.0) 3 (3.3) 3 (1.2) 9 (1.0)

Mechanism of injury, unspecified 20 (6.7) 8 (5.3) 29 (29.0) 5 (5.4) 42 (16.1) 104 (11.5)

Missing 0 (0) 3 (2.0) 1 (1.0) 4 (4.4) 22 (8.4) 30 (3.3)

*May include technical rescues, motor vehicle crash, cleaning, maintenance, travel to/from work, etc.
yLacks detail and coded as a non-descriptive ‘medical’ injury.
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focused on the risk and consequences of ambulance crashes, in
addition to assaults, gurney design and the ergonomic lifting and
transfer of patients .20e27 Fireground research is often performed
in training and drilling settings and has focused on individual
issues such as heat stress, lung injury, noise, chemical and
thermal hazards, slips/trips/falls and overexertion during tactical
and overhaul operations.7 28e32 A comparison with previous
research findings is not possible, as the job operations described
in the current study are broadly defined and lack the level of
specificity with regard to the hazards and job tasks/activities
(eg, noise, patient lifting, bench press), that is often presented in
other research. How operations are defined is important and will
dictate the activities and job tasks undertaken, and therefore the
potential hazards. For example, patient transport may be defined
as simply the physical lifting and lateral transfer of a patient, or
encompass the entire process from call dispatch to release of the
patient at a definitive care facility. The extent of detail will
depend on the individual department.

From 2004 to 2009, the annual incidence rate of injury in TFD
ranged between 13.5 and 21.5 injuries per 100 employees,
compared with the 2009 estimated national incidence rate of 6.8
injuries per 100 firefighters.9 10 It is conceivable that the
increased injury rate seen in TFD is a reflection of their reporting
and tendency to document all OSHA and non-OSHA reportable
injuries. Injuries are reported in the TFD for purposes of docu-
mentation, accountability and tracking of potential injury
progression. While this practice makes logical sense given the
nature of working 24-h shifts and encountering multiple hazards
during that time, it does, however, lead to an increase in the
proportion of minor injuries reported. This may also explain
why a well-accepted method for scoring injury severity, the AIS,
did not provide much added detail on the nature of injuries in
this population of ESE, because an overwhelming majority of
injuries were minor in severity. In attempting to describe injury
severity better in this population, identifying an appropriate
metric proved challenging. The use of a trauma-based scale (ie,
AIS) to measure all injuries in this setting did not represent the
types of injuries well. When developing the minor injury
severity scale for child injuries, Peterson et al33 noted the lack of
an available scale or widely accepted method to measure the
severity of minor injuries. An evaluation of functional capacity
loss was considered to be a useful alternative measure for this
population. The classification scheme from the FCI appears to
match the general characteristics of injuries in this population
well. However, given the median time loss was 6 days, FCI may
not accurately measure the short-term (or acute) loss of function
described in this injury study as FCI reflects the likely extent of
functional limitation or reduced capacity 1 year post-injury.34 35

Thirty per cent of all injuries were noted to have resulted in
lost time. Patient transport operations produced the greatest
proportion of lost time injuries, consisting mostly of back
sprains/strains (60.0%). In most occupational settings, a lost
time injury is designated when the individual misses the
following shift of work from when the injury occurred. Against
conventional thinking, approximately half (55.2%) of the
moderate injuriesdcomprised primarily of fractures and dislo-
cationsdwere classified as having no lost time. Upon further
examination, an injury was classified as lost time only in situ-
ations when the employee was not performing any department-
related duties (including regular job tasks or light duty assign-
ments), and was compensated (eg, workers’ compensation).
Therefore, the lost time designation could be considered more of
an indicator of cost than as a measure of severity; however, this
observation requires further study.

Results from evaluating AIS, FCI and lost time indicate
that a more relevant measure of severity is needed for this
occupational population of ESE. While the vast majority of
injuries can be considered minor using a trauma-based scale, the
acute loss of function can be significant. When evaluated over
the span of a career, these injuries have the potential to accu-
mulate and result in some loss of function towards the end of
one’s career. This is supported by the 45% of repeated injuries
identified in this study ’s 6-year time period. In theory, a combi-
nation of an ordinal scaling system based on acute functional
loss, matched to a true accounting of time loss from normal job
activities, could provide an improved indication of severity to
the individual, and thus the department.
This analysis was limited by a lack of detail provided by the

injury database. Improvements to the description of injury
events can be made by including standardised metrics for specific
activity performed at the time of injury, the individual’s condi-
tion before injury, equipment used, known causes, objects and
equipment, or other factors (eg, environmental conditions). In
order to improve any assessment of severity or functional loss,
improved surveillance systems are needed that incorporate
standardised metrics for injury and illness. As described by
Reason,36 one of the primary steps in establishing a strong safety
culture in an organisation is to improve on its reporting culture,
which would enhance the ability to detail circumstances at the
time of injury. The National Fire Incident Reporting System
presents an excellent resource and template for departments to
adopt standardised reporting structure and details.37

The at-risk exposure time is another area of study requiring
further exploration. Time spent on-shift performing the job tasks
described in this study has not been assessed. Evaluating the time
spent performing these activities (ie, exposure time), and the
environments in which they occur, would improve hazard
profiles and generate a more accurate estimate of injury risk. By
improving the reporting system and estimates of exposure time,
the identification and characterisation of risks would occur more
efficiently so that the development and application of relevant
resources (ie, controls) can be implemented to mitigate potential
hazard effects in the future.
This study has demonstrated that the events associated with

injury among ESE occur well beyond that of the fireground. Due

What is already known on the subject

< Firefighting and emergency medical services are high-risk
professions.

< Previous research has largely been focused on the physical
tasks and exposures on the fireground.

What this study adds

< The magnitude and range of hazards faced during a typical
work shift extend well beyond the fireground.

< Physical exercise and patient transport activities are two of
the most frequent injury-related job tasks.

< Identification and characterisation of hazard profiles for the
most frequent injury-related job tasks can help target
prevention efforts.
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to the number and variation of emergency situations ESE are
responsible for responding to, focused efforts should be made to
identify and address the injury risks encountered during physical
exercise, patient transport and training activities, in addition to
the existing focus on fireground hazards. Furthermore, there is
a clear need to evaluate the structure and management of
physical exercise in the fire service. While most studies indicate
the need for improved fitness (eg, cardiovascular health and
functional mobility) in order to carry out response activities,
efforts should also be concentrated on providing these men and
women with improved resources and structure to maintain
fitness levels and training-based skills without exposing
themselves to injury in those processes.

Ongoing efforts of this research are focused on characterising
the risks of injury throughout the processes of patient transport,
fireground operations and physical exercise. The identification
and implementation of prevention control strategies are being
led by a partnership between the TFD workforce and project
researchers. Intervention effectiveness will be assessed by
process evaluation techniques and a comparison of overall injury
rates and rates specific to each operation.

Acknowledgments The authors sincerely thank Deputy Chief Ed Nied, Captain
John Gulotta, and all participants from the Tucson Fire Department for all their
cooperation and collaborative efforts, in addition to their contributions and service to
the community as a whole. The authors would also like to thank Anastasia Sugeng
for her assistance and technical support in this research.

Funding This study was supported by grant 5R01OH009469 from the Centers for
Disease Control and Prevention, National Institute for Occupational Safety and Health
(CDC/NIOSH). The contents of this article are solely the responsibility of the authors
and do not necessarily represent the official views of the CDC/NIOSH.

Competing interests None.

Patient consent Obtained.

Ethics approval Ethics approval was provided by the University of Arizona
Institutional Review Board.

Contributors All authors gave significant contribution to the concept and design of
this study, in addition to providing critical review, intellectual content and final
approval for the manuscript.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Concha-Barrientos M, Nelson DI, Fingerhug M, et al. The global burden due to

occupational injury. Am J Ind Med 2005;48:470e81.
2. Nelson DI, Concha-Barrientos M, Driscoll T, et al. The global burden of selected

ocuupational diseases and injury risks: methodology and summary. Am J Ind Med
2005;48:400e18.

3. Bureau of Labor Statistics. National Census of Fatal Occupational Injuries in 2009
(Preliminary Results). USDL-10-1142. Washington, DC, USA: US Department of
Labor, Bureau of Labor Statistics, 2010.

4. Bureau of Labor Statistics. Workplace Injuries and Illnesses e 2009. USDL-10-
1451. Washington, DC, USA: US Department of Labor, Bureau of Labor Statistics,
2010.

5. Finkelstein EA, Phaedra SC, Miller TR. The incidence and economic burden of
injuries in the United States. New York: Oxford University Press, 2006.

6. Studnek JR, Ferketich A, Mac Crawford J. On the job illness and injury resulting in
lost work time among a national cohort of emergency medical service professionals.
Am J Ind Med 2007;50:921e31.

7. Fabio A, Ta M, Strotmeyer S, et al. Incident-level risk factors for firefighter injuries at
structural fires. J Occup Environ Med 2002;44:1059e63.

8. Fosbroke DE, Kisner SM, Myers JR. Working lifetime risk of occupational fatal
injury. Am J Ind Med 1997;31:459e67.

9. Karter MJ, Stein GP. U.S. Fire Department Profile Through 2009. Quincy, MA, USA:
National Fire Protection Association, 2010.

10. Karter MJ, Molis JL. U.S. Firefighter Injuriesd2009. Quincy, MA, USA: National Fire
Protection Association, 2010.

11. Aherns M. Trends and Patters of U.S. Fire Losses. Quincy, MA, USA: National Fire
Protection Association, 2007.

12. Heineman EF, Shy CM, Checkoway H. Injuries on the fireground: risk factors
for traumatic injuries among professional fire fighters. Am J Ind Med
1989;15:267e82.

13. Hall JR, Harwood B. The national estimates approach to U.S. fire statistics. Fire
Technology 1989:99e113.

14. Guidotti TL, Clough VM. Occupational concerns of firefighting. Annu Rev Publ Health
1992;13:151e71.

15. Rabbitts A, Alden NE, Scalabrino M, et al. Outpatient firefighter burn injuries:
a 3-year review. J Burn Care Rehabil 2005;26:348e51.

16. Moore-Merrell L, Zhou A, McDonale-Valentine S, et al. Contribution Factors to
Firefighter Line-of-Duty Injury in Metropolitan Fire Departments in the United States.
Washington, DC, USA: International Association of Fire Fighters, 2008.

17. Fahy RF, LeBlanc PR, Molis JL. Firefighter Fatalities in the United States. Quincy, MA,
USA: National Fire Protection Association, 2011.

18. The Abbreviated Injury Scale 2005, (Update 2008). Des Plaines, IL: Association for
the Advancement of Automotive Medicine, 2008.

19. Barklage DR. Development of a Performance Based Physical Ability Program in the
City of Fairfax Fire and Rescue Service. Emmitsburg, MD, USA: National Fire
Academy; Executive Leadership, City of Fairfax Department of Fire and Rescue
Service, 2000.

20. Becker LR, Zaloshnja E, Levick N, et al. Relative risk of injury and death in
ambulances and other emergency vehicles. Accid Anal Prev 2003;35:
941e8.

21. Crill MT, Hostler D. Back strength and flexibility of EMS providers in practicing
prehospital providers. J Occup Rehabil 2005;15:105e11.

22. Gilad I, Byran E. Ergonomic Evaluation of the Ambulance Interior to Reduce
Paramedic Discomfort and Posture Stress. Hum Factors 2007;49:
1019e32.

23. Heick R, Young T, Peek-Asa C, et al. Occupational injuries among emergency
medical service providers in the United States. J Occup Environ Med
2009;51:963e8.

24. Lavender SA, Conrad KM, Reichelt PA, et al. Designing ergonomic interventions for
EMS workers-part II: lateral transfers. Appl Ergon 2007;38:227e36.

25. Marras WS, Davis KG, Kirking BC, et al. A comprehensive analysis of low-back
disorder risk and spinal loading during the transferring and repositioning of patients
using different techniques. Ergonomics 1999;42:904e26.

26. Tintinalli JE. Violent Patients and the Prehospital Provider. Ann Emerg Med
1993;22:1276e9.

27. Wang HE, Weaver MD, Abo BN, et al. Ambulance stretcher adverse events. Qual
Saf Health Care 2009;18:213e16.

28. Barr D, Gregson W, Sutton T, et al. A practical cooling strategy for reducing the
physiological strain associated with firefighting activity in the heat. Ergonomics
2009;52:413e20.

29. Burgess JL, Nanson CJ, Bolstad-Johnson DM, et al. Adverse respiratory effects
following overhaul in firefighters. J Occup Environ Med 2001;43:467e73.

30. Karter MJ. Patterns of Firefighter Fireground Injuries. Quincy, MA, USA: National
Fire Protection Association, 2009.

31. Punakallio A, Hirvonen M, Gronqvist R. Slip and fall risk among firefighters in
relation to balance, muscular capacities and age. Saf Sci 2005;43:455e68.

32. Rabbitts A, Alden NE, O’Sullivan G, et al. Firefighter burn injuries: a 10-year
longitudinal study. J Burn Care Rehabil 2004;25:430e4.

33. Peterson L, Saldana L, Heiblum N. Quantifying tissue damage from childhood injury:
the minor injury severity scale. J Pediatr Psychol 1996;21:251e67.

34. MacKenzie EJ, Damiano A, Miller T, et al. The development of the Functional
Capacity Index. J Trauma 1996;41:799e807.

35. Segui-Gomez M. Application of the Functional Capacity Index to NASS CDS Data.
Washington, DC, USA: US Department of Transportation, National Highway Traffic
Safety Administration, 1996. DOT HS 808 492.

36. Reason J. Managing the Risks of Organizational Accidents. Aldershot, UK: Ashgate,
1997.

37. National Fire Data Center (NFDC). National Fire Incident Reporting System
Version 5.0 Design Documentation System. Emmitsburg, MD, USA: U.S. Fire
Administration (USFA), 2008.

PAGE fraction trail=6

Injury Prevention 2012;18:228e233. doi:10.1136/injuryprev-2011-040149 233

Original article

 group.bmj.com on July 31, 2012 - Published by injuryprevention.bmj.comDownloaded from 

http://injuryprevention.bmj.com/
http://group.bmj.com/


doi: 10.1136/injuryprev-2011-040149
2011

 2012 18: 228-233 originally published online November 23,Inj Prev
 
Gerald S Poplin, Robin B Harris, Keshia M Pollack, et al.
 
service
Beyond the fireground: injuries in the fire

 http://injuryprevention.bmj.com/content/18/4/228.full.html
Updated information and services can be found at: 

These include:

Data Supplement
 http://injuryprevention.bmj.com/content/suppl/2011/11/22/injuryprev-2011-040149.DC1.html

"Read the press release of this article"

References
 http://injuryprevention.bmj.com/content/18/4/228.full.html#ref-list-1

This article cites 22 articles, 3 of which can be accessed free at:

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Collections
Topic

 (11 articles)Press releases   �
 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on July 31, 2012 - Published by injuryprevention.bmj.comDownloaded from 

http://injuryprevention.bmj.com/content/18/4/228.full.html
http://injuryprevention.bmj.com/content/suppl/2011/11/22/injuryprev-2011-040149.DC1.html
http://injuryprevention.bmj.com/content/18/4/228.full.html#ref-list-1
http://injuryprevention.bmj.com/cgi/collection/press_releases
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://injuryprevention.bmj.com/
http://group.bmj.com/

