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Abstract

Agriculture remains one of the most hazardous industries in the United States, yet nonfatal
surveillance remains incomplete. Prior studies have shown that trauma registries can
support agricultural injury surveillance, but many approaches rely on text review, state-
specific indicators, or coding frameworks that are not easily transferable across systems.
In this study, Florida Trauma Registry records from 2016 to 2021 were screened using
a reproducible case definition based on International Classification of Diseases, Tenth
Revision (ICD-10) external cause of injury codes, registry occupation and industry fields,
and the work-related indicator. Agricultural injuries were summarized descriptively and
mapped to Occupational Injury and Illness Classification System (OIICS) categories. Injury
severity scores (ISS) were modeled using generalized additive models (GAMs). The case
definition identified 963 agricultural injuries requiring trauma care, including 17 fatalities.
Most injuries were minor, and the leading event categories were contact incidents, falls,
slips, and trips, and transportation incidents. Body region was the strongest correlate of
severity, with head and abdomen/pelvic contents injuries showing the highest adjusted ISS.
These findings suggest that the National Trauma Data Standard (NTDS)-aligned trauma
registry fields may support reproducible agricultural injury surveillance when narrative
text is unavailable.

Keywords: agricultural injury surveillance; trauma registry; ICD-10; injury severity score

1. Introduction

Agriculture remains one of the most hazardous industries in the United States, yet
the true burden of nonfatal agricultural injury is difficult to quantify [1]. Many commonly
used surveillance sources including workers” compensation claims, Bureau of Labor Statis-
tics occupational injury surveillance systems, and electronic news clipping systems, are
incomplete and may fail to capture all injuries [1,2]. In addition, industry and occupation
are often incompletely recorded in routine health data, limiting the direct identification of
agricultural injuries and motivating the development of alternative surveillance strategies
based on diagnosis and external cause coding [2].

Trauma registries are one promising source for agricultural injury surveillance be-
cause they capture serious injuries requiring trauma system care and contain clinically rich
information on injury mechanisms, body region, and severity [3-8]. Prior registry-based
studies have shown that agricultural injuries can be identified using International Classifi-
cation of Diseases (ICD)-coded hospital data, but the underlying methods have differed
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across settings. International Classification of Diseases, Tenth Revision (ICD-10) codes
are standardized diagnostic and external cause codes used in administrative and clinical
health data [8]. In Iowa, trauma registry data has been used to examine trends in nonfatal
agricultural injuries requiring trauma care, to compare characteristics of injuries by workers’
compensation coverage status, and to evaluate specific subsets of agricultural trauma such
as tractor-related injuries [3,4,6,7]. Trauma registry data has also been used to examine agri-
cultural trauma in South Dakota, where work-related agricultural injuries were a particular
focus [5]. More recently, Cook et al. demonstrated the utility of a regional trauma registry
in northeast Texas for agricultural injury surveillance, further supporting trauma systems
as a valuable source for identifying severe agricultural injuries [8]. Together, these studies
show that trauma registries can support agricultural injury surveillance across different
geographic settings, but they also highlight substantial variation in case definitions, study
populations, and available registry elements. Some studies relied on state-specific work
or farm indicators, whereas others used free-text narratives or narrower injury subsets to
improve case definition or classify mechanisms [3-8]. These approaches may improve case
ascertainment within a single system but are less portable across jurisdictions that do not
collect the same indicators or do not provide narrative text for research use.

The transition from ICD-9 to ICD-10 expanded the specificity of external cause coding
and improved the potential utility of health data for occupational injury surveillance [2,9].
Trauma registries that follow the National Trauma Data Standard (NTDS) collect ICD-10
diagnosis and external cause of injury codes as structured coded data elements, along
with standardized registry fields such as injury location, work-relatedness, occupation,
and occupational industry. Together, these NTDS-aligned fields can support agricultural
injury surveillance because agricultural trauma is often difficult to identify from a single
code alone and requires combining indicators of setting, mechanism, and work-related
context. Recent work has emphasized that structured industry and occupation information
in electronic health data could substantially strengthen occupational agricultural injury
surveillance [2]. However, to our knowledge, no studies have evaluated whether the NTDS-
aligned trauma registry variables alone are sufficient to support reproducible identification
of agricultural trauma in a large, agriculturally diverse state.

Florida provides an important setting for this question. Its agricultural sector operates
year-round, includes a heterogeneous workforce, and encompasses crop, livestock, and
equine operations with mixed home, work, and road environments that may not be fully
reflected in national summaries [10]. Additionally, systematic nonfatal agricultural injury
data has not been captured in Florida since 2010, leaving an important gap in state-specific
surveillance [11]. Despite these characteristics, Florida-specific evidence on agricultural
injuries that required trauma care remains limited [10]. A transparent trauma registry
method tailored to Florida could improve statewide surveillance and provide a framework
for evaluation and adaptation in other NTDS-aligned registries.

Therefore, the objectives of this study were to develop a structured case definition
for identifying agricultural injuries in the Florida Trauma Registry, to describe the demo-
graphic, mechanistic, and anatomic patterns of identified injuries, and to assess which injury
characteristics were associated with higher injury severity score (ISS) after adjustment for
demographic covariates. We hypothesized that a reproducible ICD-10 and registry-based
case definition would identify a meaningful burden of agricultural trauma in Florida.

2. Materials and Methods

This research was reviewed and approved by both the Florida Department of Health
Institutional Review Board (IRB) (Protocol #2023-013) and the University of Florida IRB
(IRB202301661). The data granted for this study cannot be made publicly available.

https://doi.org/10.3390/safety12040098


https://doi.org/10.3390/safety12040098

Safety 2026, 12, 98

30f12

2.1. Data Source

This study used the Florida Trauma Registry, a statewide trauma surveillance system
containing records from verified and provisional trauma centers in Florida. The registry
follows National Trauma Data Standard (NTDS) conventions and includes demographic,
diagnostic, clinical, and outcome information for trauma patients. The data for this study
span the years 2016 to 2021.

The Florida Trauma Registry contains linked tables with information on patient de-
mographics, diagnoses, injury severity, outcomes, procedures, occupation and industry
variables, and external cause coding. Records were linked using the unique trauma identi-
fier assigned within the registry.

2.2. Case Definition Development

Agricultural case identification was performed programmatically using variables
within the trauma registry. Indicators included ICD-10 external cause of injury codes,
ICD-10 place of occurrence codes, patient occupation, and patient industry (Table 1).

Table 1. Selection Criteria for Agricultural Incidents.

Key Variables Codes  Definition

W30 Contact with agricultural machinery

V84 QccuPant of sPeFial agricultural Vehigle mainly used
Primary /Secondary ICD-10 Codes Starting With in agriculture injured in transport accident

W55.2  Contact with cow

W55.4  Contact with pig
Place of Injury Code Y92.7 Farm as the place of occurrence of the external cause
Patient’s Occupational Industry 5 Agriculture, Forestry, Fishing
Patient’s Occupation 9 Farming, Fishing, and Forestry

The case definition was designed to identify injuries occurring during agricultural
work or in agricultural settings while minimizing the inclusion of non-agricultural injuries
captured through broad external-cause, place-of-occurrence, occupation, or industry cate-
gories. Candidate records were identified if they met at least one of the selection criteria
listed in Table 1, including an agricultural-specific ICD-10 external cause code, farm as the
place of occurrence, an agricultural occupational industry code, or an agricultural occupa-
tion code. Records meeting multiple criteria were combined at the unique trauma-record
level before exclusions were applied.

Ambiguous records were evaluated based on the available ICD-10 external cause
codes, place of occurrence codes, occupation, industry, and work-related indicator. Cases
indicating forestry or fishing were removed because the registry occupation and industry
categories combine agriculture with forestry and fishing. Horse-related injuries were
retained only when the record was marked as work-related; horse-related records without
a work-related indicator were excluded because they could represent recreational or leisure
activities. Records indicating a residential setting were excluded unless another structured
variable clearly supported an agricultural work context. Transportation-related injuries
were retained when the external cause code identified a special agricultural vehicle or when
occupation, industry, or work-relatedness supported an agricultural context. Otherwise,
transportation injuries without evidence of an agricultural association were excluded.
Additional records were removed when their coded circumstances indicated recreational,
non-agricultural residential, non-agricultural industrial, forestry, fishing, or other clearly
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non-agricultural contexts. The case identification logic and sequential exclusions are
summarized in Figure 1.

Florida Trauma Registry injury table, 2016-2021
(N =789,915)

d

Apply all agricultural screening criteria listed in Table 1
¢ Agricultural-specific ICD-10 external cause codes
¢ Farm place-of-occurrence code
® Agriculture, Forestry, and Fishing industry code
¢ Farming, Fishing, and Forestry occupation code
(N=2112)

l

Remove records indicating a forestry or fishing context
(N =2080)

!

Horse-related injury?

YES NO
N=64 N =553

Retain only if marked as work-related

Continue to contextual review

l

Review external-cause and place-of-occurrence codes

for evidence of a non-agricultural context

l

Remove other misclassified cases
® Recreational or residential context
* Non-agricultural transportation context
¢ Other non-agricultural industrial context
(N =963)

l

Final agricultural injury cases included in the analytic cohort

(N =963)

Figure 1. Agricultural Injury Case Selection Process.

Individuals younger than 16 years old were retained because the case definition was
designed to identify agricultural-related injuries rather than injuries occurring exclusively
during formal employment. Agricultural worksites and residences often overlap, poten-
tially exposing children and other non-working family members to farm hazards while
living on or visiting farms [12]. Pediatric cases may therefore include youth performing
legally permitted work on a family-operated farm, unpaid family work, bystanders, pas-
sengers, or children injured in a farm setting. Federal agricultural labor provisions permit
minors of any age to work for their parents on a farm owned or operated by their parent or
parents [13].

2.3. Descriptive Measures and Analysis

Descriptive analyses were used to characterize the burden, severity, demographic
distribution, anatomic distribution, and external cause patterns of identified agricultural
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trauma cases. The principal descriptive measures included the number of identified
agricultural injury cases, fatalities, demographic characteristics, ISS category, injured body
region, and external cause patterns. Categorical variables were summarized using counts
and percentages.

ISS was used as the primary measure of overall trauma severity. ISS is a standardized
anatomical scoring system ranging from 1 to 75, with higher scores indicating more severe
injury. Severity was categorized as minor (ISS 1-8), moderate (ISS 9-15), and severe/ critical
(ISS > 16) [3].

ICD-10 external cause of injury codes were mapped to Occupational Injury and Illness
Classification System (OIICS) categories to describe injury mechanisms using a classification
system commonly used in occupational injury surveillance. Codes were first aligned with
an available ICD-10 to OIICS crosswalk and then updated to OIICS version 3.0 [2]. OIICS
event and source categories were summarized.

2.4. Statistical Analysis

The main analytic objective was to evaluate factors associated with higher ISS among
agricultural trauma cases. ISS was used as the primary measure of overall trauma severity.
Because ISS is a positive, right-skewed continuous outcome, two generalized additive
model (GAM) specifications were compared: a Gaussian GAM fit to the natural logarithm
of ISS and a Gamma GAM with a log link fit to ISS on its original scale.

GAMs provide a flexible extension of generalized linear models by allowing selected
predictors to have smooth, nonlinear relationships with the outcome rather than requiring
all relationships to be linear [14]. This flexibility is achieved by “learning” these nonlinear
associations from the data, commonly through penalized spline terms, while still permitting
conventional parametric terms for categorical predictors [15-18]. GAMs are therefore useful
for injury surveillance applications where relationships between severity and predictors
such as age may not follow a simple linear pattern and where the shapes of the nonlinear
associations are not known in advance and must be estimated from data using basis
function expansions [19,20].

For the log-Gaussian model, ISS was log-transformed before modeling to reduce skew-
ness and improve agreement with Gaussian model assumptions. For the Gamma model,
ISS was modeled directly as a positive continuous outcome using a log link. Under this
specification, the logarithm of the expected ISS was modeled as a function of demographic,
mechanistic, and anatomic characteristic. The candidate predictors included injured body
region, OIICS event category, sex, age, and ethnicity. Age was included nonparametrically
as a penalized cubic regression spline to allow a nonlinear association with ISS, while
categorical variables were included as parametric model terms.

Missing values for categorical predictors were retained in the analysis by assigning
them to an Unknown category. This approach allowed records with incomplete categorical
information to remain in the GAM analysis rather than being excluded through complete-
case analysis.

OIICS event and OIICS source were not included together in the same multivariable
model because the two classifications describe related aspects of the injury mechanism
and may be correlated. OIICS event was retained as the primary mechanistic predic-
tor in the final severity model. Smoothing parameters were estimated using restricted
maximum likelihood.

Model diagnostics and performance were evaluated to compare the Gaussian model
fit to the log-transformed ISS and the Gamma model with a log link. Model evaluation
included assessment of the observed ISS distribution, consideration of whether each model
specification was appropriate for a positive, right-skewed outcome, and comparison of
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predictive performance using five-fold cross-validation. Predictive accuracy was assessed
using root mean square error and mean absolute error calculated on held-out folds to
evaluate out-of-sample performance. Folds were stratified across key variables to preserve
representation of sparse subgroups of the categorical variables. The selected model was refit
to the full analytic dataset for inference. Model coefficients were exponentiated to obtain
adjusted ISS ratios, which were used to summarize proportional differences in expected
ISS for each predictor relative to its reference category. Statistical analyses were conducted
in R version 4.5.1 [21], and GAMs were fit using the mgcv package version 1.8-42 [22].

3. Results
3.1. Demographic and Severity Characteristics

The case definition identified 963 agricultural injuries requiring trauma care in Florida
from 2016 to 2021, including 17 fatalities. Most injuries were classified as minor (55.7%),
followed by moderate (29.8%) and severe/critical (14.5%). The median ISS was 5. The
cohort was predominantly male (76.2%), non-Hispanic, and White (80.3%). The largest age
groups were 35-59 years, followed by 60-74 years and 20-34 years (Table 2). Cases involving
individuals younger than 16 years may include youth performing legally permitted work
on a family-operated farm, unpaid family workers, bystanders, or children injured in an
agricultural setting and should not be interpreted as injuries among formally employed
agricultural workers.

Table 2. Demographic Characteristics.

Characteristic Counts (%)
Sex
Male 734 (76.2%)
Female 217 (22.5%)
Unknown 12 (1.2%)
Age Group
<5 17 (1.8%)
5-14 47 (4.9%)
15-19 38 (3.9%)
20-34 178 (18.5%)
35-59 342 (35.5%)
60-74 223 (23.2%)
>75 101 (10.5%)
Unknown 17 (1.7%)
Ethnicity
Hispanic or Latino 160 (16.6%)
Not Hispanic or Latino 751 (78.0%)
Unknown 52 (5.4%)
Race
White 773 (80.3%)
Black or African American 54 (5.6%)
Asian 4 (0.4%)
Native American 1 (0.1%)
Unknown 131 (13.6%)

3.2. Injury Events, Sources, and Body Regions

The leading OIICS event category was contact incidents (37.8%), followed by falls,
slips, and trips (29.9%) and transportation incidents (26.2%). The leading OIICS source
categories were vehicles (25.9%), structures and surfaces (25.0%), animals/persons/plants
(17.0%), and machinery (10.7%) (Table 3).
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Table 3. OIICS Event and Source.

OIICS Category

Counts (%)

Event

Contact Incidents

Falls, Slips, and Trips

Transportation Incidents

Explosions and Fires

Violent Acts

Overexertion/Repetitive Motion/Bodily Conditions
Exposure to Harmful Substances and Environments
Unknown

Source

Vehicles

Structures and Surfaces

Animals, Persons, and Plants

Machinery

Tools, Instruments, and Equipment

Safety and Environmental Factors and Conditions
Parts and Materials

Containers, Furniture, Fixtures

Unknown

364 (37.8%)
288 (29.9%)
252 (26.2%)
19 (2.0%)
17 (1.8%)
13 (1.3%)

9 (0.9%)
1(0.1%)

249 (25.9%)
241 (25.0%)
163 (17.0%)
103 (10.7%)
50 (5.2%)
16 (1.7%)
11 (1.1%)

7 (0.7%)
123 (12.8%)

The most frequently injured body region was the lower extremity (29.1%), followed

by the upper extremity (17.7%), head (15.2%), and thorax (15.1%) (Figure 2). These distribu-
tions indicate that agricultural trauma captured by the Florida Trauma Registry spans both
environmental and transportation-related hazards.

29.1%

300
100%

N
o
o

17.7%

170 1529  15.1%
146 145

lower extremity upper extremity head thorax spine

Injury Type

Frequency

50%

10.2%
98

Juealed aAeINWIND

4.5% o
0 4.0% 0%

43 3
= 29 0.7%
s
| 0%

face  abdomen and pelvic external neck
contents

Figure 2. Frequency of Injured Body Regions.

3.3. Injury Severity Modeling

ISS showed substantial right-skew, supporting the use of nonlinear and non-Gaussian
modeling approaches. The log-Gaussian and Gamma GAMs showed similar predictive
performance in five-fold cross-validation, with root mean square error near 7.0 and mean
absolute error near 4.7, indicating that prediction error was substantial relative to the
scale and variability of ISS. The Gamma model was retained for inference because it better
aligned with the observed mean-variance relationship and supported direct interpretation
on the original ISS scale.
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Body region was the strongest adjusted correlate of injury severity. Because the chosen
Gamma GAM used a log link, coefficients were exponentiated to obtain adjusted ISS
ratios. These ratios represent proportional differences in expected ISS for each predictor
level relative to its reference category, holding the other variables in the model constant.
Relative to head injuries, upper extremity injuries were associated with an expected ISS
approximately 68% lower (3 = —1.15, p < 0.001). Expected ISS was also approximately 71%
lower for external injuries (3 = —1.25, p < 0.001), 62% lower for face injuries (3 = —0.97,
p < 0.001), 46% lower for lower-extremity injuries (f = —0.61, p < 0.001), 68% lower for
neck injuries (3 = —1.13, p < 0.001), and 33% lower for spine injuries (3 = —0.40, p < 0.001).
The magnitude of these differences suggests that the associations between body region
and injury severity were not only statistically significant but also potentially clinically
meaningful, particularly when comparing head or abdomen and pelvic contents injuries
with injuries involving the extremities, external structures, face, or neck.

Adjusted differences across event categories were more modest. Contact incidents
were associated with an expected ISS approximately 15% lower than the reference event
category (3 = —0.16, p = 0.006). Transportation incidents were associated with an expected
ISS approximately 13% higher than the reference category (3 = 0.12), although this asso-
ciation did not reach statistical significance (p = 0.063). Other event categories were not
significantly associated with ISS. Compared with the body region findings, the smaller
effect sizes across event categories suggest more limited practical or clinical importance.

Age was not significantly associated with ISS (p = 0.138), and no significant association
was observed for sex. The Unknown categories were included in the models but were not
statistically significant and were therefore omitted from Table 4 for conciseness.

Table 4. GAM Results.

Adjusted ISS 95% CI for

Predictor B SE Ratio, Exp(B) ISS Ratio p-Value
OIICS event category
Falls, slips, and trips
Contact incidents —0.161 0.059 0.85 0.76-0.96 0.006
Explosions and fires 0.309 0.278 1.36 0.79-2.35 0.266
Exposure to harmful substances/environments 0.019 0.270 1.02 0.60-1.73 0.944
Overexertion/repetitive motion/bodily conditions ~ —0.146 0.199 0.86 0.58-1.28 0.465
Transportation incidents 0.116 0.063 1.12 0.99-1.27 0.063
Violent acts 0.321 0.190 1.38 0.95-2.00 0.091
Sex
Male
Female —0.091 0.056 0.91 0.82-1.02 0.103
Body region
Head
Abdomen and pelvic contents —0.002 0.128 1.00 0.78-1.28 0.988
External —1.251 0.238 0.29 0.18-0.46 <0.001
Face —0.971 0.123 0.38 0.30-0.48 <0.001
Lower extremity —0.609 0.072 0.54 0.47-0.63 <0.001
Neck -1.126 0.322 0.32 0.17-0.61 <0.001
Spine —0.398 0.092 0.67 0.56-0.81 <0.001
Thorax —0.165 0.083 0.85 0.72-1.00 0.047
Upper extremity —1.148 0.082 0.32 0.27-0.37 <0.001
Ethnicity
Hispanic or Latino
Not Hispanic or Latino 0.028 0.064 1.03 0.91-1.16 0.660
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4. Discussion

This study developed a transparent and reproducible structured case definition for
identifying agricultural injuries in the Florida Trauma Registry and used it to characterize
injury patterns and severity among trauma patients in Florida from 2016 through 2021. The
primary case definition identified 963 agricultural injuries requiring trauma care, including
17 fatalities, demonstrating that NTDS-aligned trauma registries can support agricultural
injury surveillance even when narrative text is unavailable.

The findings contribute to the existing literature [1-8] in two important ways. First,
they provide Florida-specific evidence on the burden and patterning of agricultural
trauma requiring higher acuity care. Similar to prior trauma registry studies conducted
in Iowa, South Dakota, and northeast Texas [3-8], injuries were distributed across mul-
tiple mechanisms, indicating that agricultural trauma in Florida reflects a diverse set
of hazards. Vehicles and structures/surfaces were the most common OIICS source cate-
gories, reinforcing the importance of both transportation-related and environmental risks in
agricultural settings.

The severity analysis also offers clinical and prevention-relevant insight. Body region
was the strongest predictor of ISS, with head and abdomen/pelvic contents injuries showing
the highest adjusted severity. This pattern suggests that interventions that reduce head and
torso trauma may yield the greatest reductions in severe agricultural injury.

Second, this study extends prior work by developing a reproducible case identification
framework that relies exclusively on ICD-10 and NTDS-aligned registry variables. Previous
trauma registry studies have demonstrated the utility of these data for agricultural injury
surveillance but often relied on state-specific indicators or free-text narratives to refine
case identification [3-8]. In contrast, the present approach emphasizes portability and
transparency within the available structured data. The framework may be adaptable to
other NTDS-aligned trauma registries, but local coding practices, data completeness, and
variable availability should be evaluated before implementation.

The methodological contribution of this study is particularly relevant given persistent
challenges in agricultural injury surveillance, including undercounting and incomplete
occupational coding [1-3]. While prior studies have demonstrated that trauma registries
can support agricultural injury surveillance [3-8], many approaches depend on local data
structures or narrative review. By using structured ICD-10 and registry variables only, this
study provides a structured framework that may inform similar surveillance efforts in
other NTDS-aligned datasets. However, external validation and adaptation to local registry
practices would be necessary before broader application.

5. Limitations

Several limitations should be considered. First, the case definition may still misclassify
some injuries because agricultural context is not perfectly captured in structured registry
variables. Second, free-text narratives were unavailable, limiting external validation and
refinement of ambiguous cases. Third, although the case definition was developed using
ICD-10 codes and NTDS-aligned variables, its portability across trauma registries cannot be
assumed. Differences in coding completeness, occupation and industry data, work-related
indicators, and local abstraction practices may affect case identification. Because the case
definition could not be validated against narrative review or an external gold standard, its
performance in other registries remains uncertain. Fourth, some event and body region
categories were relatively sparse, which may have contributed to wider uncertainty for
selected contrasts. Fifth, the trauma registry captures injuries that required trauma care and
therefore does not represent the full burden of agricultural injury in Florida. Finally, because
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this was an observational study, the identified associations should not be interpreted as
causal effects.

Despite these limitations, this study strengthens the evidence base for agricultural
injury surveillance in Florida and provides a practical framework for using trauma registry
data in other states with similar NTDS-aligned systems.

6. Conclusions

A structured, ICD-10-based case definition identified 963 agricultural injuries requiring
trauma care in Florida from 2016 to 2021. Contact incidents, falls, and transportation
incidents were the leading mechanisms, while vehicles and structures/surfaces were the
leading sources. Injury severity was driven primarily by anatomic region, with head and
abdomen/pelvic contents injuries showing the highest adjusted severity. These findings
reinforce that injury severity in this setting is driven more strongly by the nature of the
injury event and the affected body region than by demographic characteristics.

The Florida Trauma Registry may serve as a reproducible and portable source for
agricultural injury surveillance when narrative text is unavailable. The case definition
framework may be useful for other NTDS-aligned registries, but its performance should be
evaluated and adapted within each registry system. These findings support prevention
priorities focused on transportation safety and protection against head and torso trauma in
agricultural environments.
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Abbreviations

The following abbreviations are used in this manuscript:

1ICD-9 International Classification of Diseases, Ninth Revision
ICD-10 International Classification of Diseases, Tenth Revision
1SS Injury Severity Score

GAM Generalized Additive Model

NTDS  National Trauma Data Standard

IRB Institutional Review Board

OIICS  Occupational Injury and Illness Classification System
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