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Abstract  Police use-of-force is a growing public 
health concern, with recent estimates suggesting that 
over 70,000 people are injured by police each year. 
To reduce the risk of injury to civilians, most police 
agencies authorize the use of various less-lethal 
weapons. However, to date, there is little consensus as 
to which types of less-lethal weapons are most effec-
tive at reducing injury risk. In this study, we test the 
differential effects of less-lethal weapons on civilian 
injury and injury severity using data on 2348 use-of-
force incidents originating from 17 large urban and 
metropolitan law enforcement agencies from 2015 to 
2019. Specifically, we assess the injury risks associ-
ated with conducted energy devices, chemical agents, 
impact weapons, and police canines, while control-
ling for a robust set of officer, civilian, and situational 

characteristics. Our results indicate that chemical 
agents reduce the risk of hospitalization or death sig-
nificantly more than other weapon types, while police 
canines increase the risk of all injury outcomes signif-
icantly more than other weapon types. Adjusting for 
incident characteristics, chemical agents are predicted 
to cause hospitalization or death in 4% of cases, com-
pared to 13% for conducted energy devices, 16% for 
impact weapons, and 37% for police canines. These 
findings suggest that civilian injury may be reduced 
through use-of-force policies that prioritize less 
severe modalities of force, though more research is 
needed on the contextual and long-term effects of 
these weapons.

Keywords  Police · Less-lethal weapons · Use-of-
force · Injury

Introduction

Over the past decade, high-profile deaths of civil-
ians in police custody and the use of law enforce-
ment to quell social and political protests have solidi-
fied police use-of-force (UOF) as a significant public 
health issue [1–4]. Though only a small percentage 
of police-civilian encounters result in the use of force 
[5, 6], civilian injury in these encounters is relatively 
common (e.g., 40–50% of incidents) [7, 8]. Recent 
estimates suggest that over 70,000 people are injured 
during police encounters annually [9], and lifetime 
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medical expenses from these injuries may surpass 
$200 million in a single year [10]. To combat this, 
many law enforcement agencies authorize the use of 
less-lethal weapons, commonly including chemical 
agents (e.g., oleoresin capsicum spray, also known as 
pepper spray), electronic control weapons/conducted 
energy devices (ECW/CED, e.g., TASERs®), impact 
weapons (e.g., collapsible batons), and/or police 
canines [11–13]. Nationally, over 90% of law enforce-
ment agencies employ less-lethal weapons in some 
capacity [14], and estimates suggest that less-lethal 
weapons are used in upwards of 20–30% of UOF 
encounters [6, 11, 15–17].

Though their mechanisms of effect differ, less-
lethal weapons are intended to provide police officers 
with the means to apprehend resistant suspects with-
out the need for hands-on tactics or firearms, thus (in 
theory) reducing the risk of civilian injury and death 
[12, 13, 17]. Existing research generally supports 
this claim, suggesting that less-lethal weapons such 
as ECW/CEDs and chemical agents reduce civilian 
injury and death, relative to traditional forms of force 
[6, 11, 15–20]. However, the rate at which various 
less-lethal weapons result in civilian injury—along 
with the severity of these injuries—has not been 
firmly established. Recent studies indicate that less-
lethal weapons such as chemical agents and kinetic 
impact projectiles can result in serious injury or 
death, but heterogeneity in sample selection and study 
design often preclude estimation of injury risk for 
the larger population of individuals exposed to these 
weapons [4, 21–23].

In addition, few studies to date have directly com-
pared the injury risks associated with specific forms 
of less-lethal weapons, and among those that have, 
findings have been inconsistent [6, 15, 16, 24]. This 
is a salient issue because most police agencies (e.g., 
80% or more) train officers to use force according 
to an administratively determined continuum that 
authorizes increasingly severe forms of force as nec-
essary, given the characteristics of an encounter [25]. 
These UOF continuum or “force option” models 
designate the type (or types) of force that are justifi-
able based on the level of suspect resistance and/or 
threat [24–26]. In practice, however, there is consid-
erable variation in the structure of these models and 
the order by which agencies rank the severity of less-
lethal weapons [14, 24, 25]. Often, for example, agen-
cies rank multiple less-lethal weapons (e.g., chemical 

agents, ECW/CEDs) within the same level of force 
[25], providing officers discretion over the choice of 
weapon used in an encounter. If certain less-lethal 
weapons pose a greater risk to civilian safety than 
others, however, this discretion could lead to the dis-
parate application of force and risk of injury across 
otherwise comparable encounters.

Several studies suggest that, in general, ECW/
CEDs and chemical agents are less likely to cause 
injury than police canines and impact weapons [6, 
11, 15–17]. However, the relationship between ECW/
CEDs and chemical agents themselves is less clear, 
and existing studies in this regard often suffer from 
methodological challenges and limitations [27]. First, 
few studies have accounted for robust sets of officer, 
civilian, and situational factors that may be correlated 
with both civilian injury and the modality of force 
used. Second, several studies are based on small sam-
ples of police agencies and decades-old data sources, 
creating concern about the generalizability of these 
findings to larger populations and current contexts 
[11, 15–17, 20]. Finally, researchers have often 
focused on the presence/absence of a documented 
injury, rather than the severity of the documented 
injury [6, 15, 20]. Given evidence that many UOF 
injuries are minor and inconsistently recorded across 
police agencies [8, 24], it is important to incorporate 
more objective measures of injury severity.

The present study attempts to address these limita-
tions using administrative data on UOF incidents col-
lected from 17 large urban and metropolitan US law 
enforcement agencies spread across four geographic 
regions from 2015 to 2019. Specifically, we test for 
differential impacts of less-lethal weapons (ECW/
CEDs, chemical agents, impact weapons, police 
canines) on both the likelihood and severity of civil-
ian injury, while controlling for a variety of officer, 
civilian, and situational characteristics. Conditional 
upon these characteristics, we also estimate the 
adjusted probability of civilian injury outcomes for 
incidents involving each less-lethal weapon type.

Methods

From August 2021 to May 2023, a total of 99 law 
enforcement agencies were asked to provide incident-
level data on UOF encounters documented between 
2015 and 2019. This sampling frame was developed 
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from a set of agencies that previously participated in a 
nationally representative survey on UOF and officer-
involved shootings [28]. To ensure a sufficiently large 
sample of incidents, eligible agencies were limited to 
those that reported at least 100 sworn full-time offic-
ers and were in at least the 80th percentile for officer-
involved shooting incidents. Agencies were asked to 
provide data on a random sample of up to 200 UOF 
incidents involving the use of a weapon on a human 
subject. Agencies with fewer than 200 UOF inci-
dents were asked to provide information on the full 
population of incidents that occurred during the study 
period.

In total, 26 agencies from 14 states agreed to par-
ticipate and provided data on 3707 UOF encounters 
involving only a less-lethal weapon. The participating 
agencies consisted of large municipal or county agen-
cies (73% had 250 or more officers) from all regions 
of the country except the Northeast. De-identified 
agency characteristics can be found in the Supple-
mentary Material.

The UOF data were provided by agencies in either 
electronic or hard copy. For hard copy data, coders 
reviewed each case and manually entered the rel-
evant data into a project database template using a 
uniform coding scheme. Upon coding, the research 
staff conducted interrater reliability (IRR) checks to 
ensure accuracy. Data submitted in an electronic data-
base were cleaned and harmonized by research staff 
by recoding variables into standardized codes. The 
UOF encounter data included information on up to 
two officers and one subject who used (or received) 
the highest level of force. The highest level of force 
was coded based on approaches used in prior research 
[29], prioritizing impact weapons (e.g., less-lethal 
projectiles, batons), followed by police canines, 
ECW/CEDs (e.g., TASER), and chemical agents 
(e.g., pepper spray). If more than two officers used the 
same level of force, or more than one subject received 
the same level of force, officers and suspects were 
randomly selected for coding. These situations were 
rare, however, as approximately 90% of incidents 
involved only one subject and two or fewer officers.

Complete information on officer, civilian, and situ-
ational characteristics (see below) was not available 
for all agencies. Our primary specifications focus 
only on incident-level characteristics that were miss-
ing in less than 20% of cases overall. In total, 17 of 
the 26 agencies met this criterion (i.e., reported some 

amount of non-missing data on all variables of inter-
est). The 2348 cases provided by these 17 agencies 
comprise our primary analytic sample. However, 
we also conducted sensitivity analyses using the full 
sample of less-lethal force incidents from all 26 agen-
cies (N = 3707).

Statistical Approach

Our dependent variable of interest is the likelihood 
and severity of civilian injury in each UOF incident. 
This was coded as a three-item measure consist-
ing of “not injured,” “injured but  not hospitalized,” 
or “injured and hospitalized or killed.” Of note, we 
combine hospitalizations and fatalities here due 
to the small number of civilian deaths observed in 
these encounters (n = 3). Our primary independent 
variable is the weapon type associated with the high-
est level of force used in each incident (1 = “impact 
weapon,” 2 = “canine,” 3 = “ECW/CED,” 4 = “chemi-
cal agent”), which we treated as nominal to allow 
for direct contrasts between modalities of less-lethal 
force. Impact weapons included objects used to strike 
subjects (e.g., baton, flashlight) as well as less-lethal 
projectiles (e.g., tear gas, rubber bullets), while chem-
ical agents were generally limited to the use of hand-
held pepper spray. Incidents that involved multiple 
less-lethal weapons were coded as only one weapon 
type; however, we controlled for these incidents in 
multiple regression models by including the number 
of weapon types used in each encounter as a covariate 
(3.5% of incidents).

We also controlled for various officer, civilian, 
and situational characteristics previously shown 
to predict UOF decisions and/or civilian injury 
[7, 15, 16, 30]. These included—among others—
the demographic characteristics of the primary 
officer and civilian involved in the encounter, 
the rank and assignment of the officer involved, 
whether the civilian resisted arrest or possessed a 
weapon, and the underlying reason for the encoun-
ter. Finally, we controlled for between-agency dif-
ferences in the likelihood of injury and trends  or 
shocks across time using agency and year fixed 
effects. The use of agency fixed effects substantially 
improved our model fit and variation explained 
(the latter increased from 32 to 48% across mod-
els) but did not affect substantive inferences about 
weaponry effects. Given the variation in sampling 
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probabilities across agencies, all primary analy-
ses also incorporated sampling weights developed 
according to the proportion of total cases sampled 
from each agency [31]. Weighted descriptive statis-
tics for all study variables can be seen in Table 1.

We modeled the differential effects of less-lethal 
weapons on civilian injury using multinomial logis-
tic regression, comparing separately the effects of 
each weapon type on injury without hospitalization 
(relative to no injury) and injury resulting in hos-
pitalization or death (relative to no injury). In all 
models, the effects of different weapon types were 
estimated relative to those of ECW/CED weapons 
(which were the most commonly used less-lethal 
weapon). We also checked for potential multicollin-
earity issues using variance inflation factors and tol-
erance statistics. Further details of these regression 
models can be found in the Supplemental Material.

Roughly 30% of incidents in our final analytic 
sample (N = 2348) contained missing data, with 
the average case missing information from approxi-
mately one variable. We used multiple imputation 
with chained equations to address this missing-
ness, imputing 20 data sets with 5 iterations of each 
[32]. All models were estimated on each of the 20 
imputed data sets, with final coefficients and stand-
ard errors pooled using the rules proposed by Rubin 
[33].

To test the robustness of our findings, we re-esti-
mated our models using only incidents with complete 
information (i.e., without multiple imputation) from 
our primary analytic dataset of 2348 cases (N = 1653). 
We also replicated these analyses using all situational 
covariates included in the full data set, regardless 
of missingness. This allowed for the inclusion of all 
3707 cases from all 26 agencies. We used multiple 
imputation for missing data in this expanded analysis 
but note that some agencies required complete impu-
tation of one or more incident-level characteristics. 
All sensitivity analyses produced results substantively 
similar to those described below (see Supplementary 
Material).

All analyses were conducted using the R Project 
for Statistical Computing [34], and we evaluated the 
statistical significance of our results using an alpha 
level of 0.05 and two-tailed significance tests. The 
project was approved by the Internal Review Board of 
the National Opinion Research Center.

Results

Approximately 50% of UOF encounters resulted in 
a documented civilian injury (Table  1). Minor inju-
ries were twice as likely as those resulting in hospi-
talization or death. In total, three civilians were killed 

Table 1   Weighted incident characteristics (N = 2348): 17 
police agencies, 2015–2019

a Reference = patrol assignment
b Reference = officer/deputy/corporal

Weighted 
mean/propor-
tion

Weighted SD

Civilian injury
  Not injured   0.51 -
  Injured not hospitalized   0.33 -
  Hospitalized or killed   0.16 -

Weapon type
ECW/CED   0.72 -
  Chemical agent   0.09 -
  Impact weapon   0.09 -
  Canine   0.10 -

Number of weapons used   1.03   0.18
Non-patrol assignmenta   0.27 -
Sergeant or lieutenantb   0.10 -
  Female officer   0.08 -

Officer race/ethnicity
  White   0.67 -
  Black   0.11 -
  Hispanic/other   0.23 -

Two or more officers used force   0.37 -
Civilian resisted   0.80 -
Civilian possessed weapon   0.18 -
Female civilian   0.10 -
Civilian race/ethnicity
  White   0.36 -
  Black   0.41 -
  Hispanic/other   0.22 -

Civilian age 31.99 10.57
Two or more civilians involved   0.04 -
Reason for encounter
  Unlawful/suspicious activity   0.63 -
  Routine patrol   0.12 -

Traffic stop   0.10 -
Warrant   0.03 -
Medical/welfare assistance   0.05 -
Other   0.07 -
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(0.1%) as a result of less-lethal weapons, with two of 
these incidents involving the use of an ECW/CED 
and one involving the use of a police canine. ECW/
CEDs were also the most frequently used less-lethal 
weapon, accounting for over 70% of UOF encounters, 
while police canines, impact weapons, and chemi-
cal agents each accounted for roughly 10% of UOF 
encounters. Weapon frequencies were similar across 
racial/ethnic groups, though Black civilians were 
most likely to have chemical agents used against 
them (weighted percentage of 14%), White civil-
ians were most likely to have police canines used 
against them (weighted percentage of 15%), and His-
panic/other civilians were most likely to have impact 
weapons used against them (weighted percentage 
of 15%). Racial compositions did not notably differ 
with respect to ECWs/CED. In bivariate compari-
sons (Table 2), chemical agents resulted in no civilian 
injury more often than other weapon types (weighted 
percentage of 73%) and hospitalization or death less 
often than other weapon types (weighted percentage 
of 2%). In contrast, police canines were least likely 
to result in no civilian injury (weighted percentage 
of 18%) and most likely to result in hospitalization or 
death (weighted percentage of 50%).

Controlling for officer, civilian, and situational 
characteristics, multinomial regression results indi-
cate that the use of police canines increased the risk 
of injury without hospitalization by a factor of more 
than 20 compared to ECW/CEDs (Table 3). Addition-
ally, incidents in which the primary officer worked 
in a non-patrol assignment (relative to patrol) were 
associated with a statistically significant 46% reduc-
tion in the risk of injury without hospitalization, 
while civilian weapon possession led to a statistically 

significant 94% increase in the risk of injury without 
hospitalization.

Police canines were also associated with more 
severe injuries, significantly increasing the risk of 
hospitalization or death by a factor of more than 25 
relative to ECW/CEDs. Chemical agents, in contrast, 
led to a statistically significant 81% decrease in the 
risk of hospitalization or death. No other predictors 
reached conventional levels of statistical significance 
in this model.

Based on our regression results, we estimated the 
average counterfactual probabilities of civilian injury 
outcomes for each less-lethal weapon type. These 
predictions are averaged across all complete obser-
vations, altering only the less-lethal weapon used in 
each encounter [36]. As such, these estimates rep-
resent predicted injury outcomes if all encounters 
involved separately the use of each weapon type. As 
seen in Fig. 1, police canines are predicted to cause 
civilian injury in 45% of cases (95% CI = 38%, 53%) 
and hospitalization or death in 37% of cases (95% 
CI = 29%, 44%), with both estimates being signifi-
cantly larger than those of all other weapon types. 
Chemical agents, in contrast, are predicted to cause 
injury without hospitalization in 31% of cases (95% 
CI = 25%, 37%) and hospitalization or death in only 
4% of cases (95% CI = 0.4%, 7%). The probabil-
ity of hospitalization or death for chemical agents is 
significantly smaller than that of both ECW/CEDs 
(P = 13%, 95% CI = 11%, 14%) and impact weapons 
(P = 16%, 95% CI = 11%, 20%).

Discussion

Using administrative data collected from 17 US law 
enforcement agencies, spread across the US, covering 
over 2348 UOF incidents, this study tested the effect 
of less-lethal weapons on civilian injury and injury 
severity, conditional on a robust set of officer, civilian, 
and situational characteristics. Our findings indicate 
that the use of chemical agents significantly reduced 
the likelihood of hospitalization or death for civilians 
involved in UOF encounters, relative to other less-
lethal weapons. In contrast, the use of police canines 
led to significantly larger increases in both the like-
lihood of civilian injury and the severity of civilian 
injury, relative to other less-lethal weapons.

Table 2   Unadjusted probabilities of civilian injury by weapon 
type

Hosp. hospitalization
** p < 0.001

Weighted proportion

No injury Injury no hosp. Hosp. or death

ECW/CED 0.56 0.33 0.11
Chemical agent 0.73 0.25 0.02
Impact weapon 0.27 0.50 0.24
Canine 0.18 0.32 0.50
χ2 365.50**
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Our findings are largely consistent with prior work 
on less-lethal weapons [6, 11, 15, 17], suggesting 
that—on average—chemical agents and ECW/CEDs 
pose the lowest risk to civilians involved in UOF 
encounters while police canines pose the highest 
risk. However, the fact that chemical agents reduced 
the risk of hospitalization or death significantly more 
than ECW/CEDs in our study should not be under-
stated. Chemical agents and ECW/CEDs are two of 
the most common less-lethal weapons employed by 

police agencies. Recent estimates suggest that over 
90% of police agencies authorize the use of both 
weapon types [14]. However, prior research has indi-
cated that there is little consistency as to where these 
weapon types exist on UOF continuums or force 
option models, with some agencies considering both 
to be comparable levels of force [24, 25]. Despite this, 
chemical agents and ECW/CEDs have distinctly dif-
ferent mechanisms of effect and potential pathways to 
injury. Whereas chemical agents incapacitate suspects 

Table 3   Multinomial 
regression results for 
civilian injury and injury 
severity

RRR​ relative risk ratio. 
McFadden’s R2 represents 
the average R2 value across 
each imputed data set. D2 is 
a pooled chi-square statistic 
that is F-distributed and 
compares the full model 
with an intercept-only 
model [35]. Estimates are 
pooled across 20 multiply 
imputed data sets. Bold 
values indicate statistical 
significance at the p < 0.05 
level
a Reference = ECW/CED
b Reference = White
c Reference = unlawful/
suspicious activity
Bold values indicate statis-
tical significance at the p < 
0.05 level

Injured not hospitalized vs. not 
injured

Injured and hospitalized or 
killed vs. not injured

RRR​ 95% CI p RRR​ 95% CI p

Intercept 16.91 2.85, 100.32  < 0.01 0.89 0.11, 6.90 0.91
Weapon typea

  Chemical agent   1.62 0.76, 3.48     0.21   0.19   0.06, 0.58  < 0.01
  Impact weapon   1.08 0.28, 4.18     0.91   1.45   0.33, 6.40     0.62
  Canine 21.04 9.11, 48.57  < 0.01 26.5 11.19, 62.75  < 0.01

Number of weapons   1.05 0.35, 3.16     0.94   2.50   0.78, 8.00     0.12
Non-patrol assignment   0.54 0.30, 0.97     0.04   1.10   0.54, 2.21     0.80
Sergeant or Lieutenant   1.19 0.50, 2.83     0.70   2.06   0.93, 4.56     0.07
Female officer   0.73 0.32, 1.66     0.46   1.25   0.59, 2.66     0.56
Officer race/ethnicityb

  Black   1.21 0.60, 2.44     0.59   2.54   0.98, 6.57     0.05
  Hispanic/other   1.07 0.52, 2.22     0.85   0.75   0.31, 1.80     0.52

Multiple officers used force   1.07 0.51, 2.24     0.87   1.22   0.55, 2.71     0.62
Civilian resisted   1.51 0.83, 2.77     0.18   0.97   0.44, 2.15     0.94
Civilian possessed weapon   1.94 1.03, 3.62     0.04   1.84   0.95, 3.58     0.07
Female Civilian   0.47 0.19, 1.20     0.11   1.06   0.43, 2.57     0.90
Civilian race/ethnicityb

  Black   1.13 0.63, 2.04     0.68   1.02   0.54, 1.94     0.95
  Hispanic/other   1.20 0.64, 2.24     0.56   0.86   0.41, 1.78     0.68

Civilian age   1.01 0.98, 1.03     0.67   1.00   0.97, 1.03     0.90
Two or more civilians involved   0.92 0.12, 7.16     0.94   1.00   0.12, 8.18     1.00
Reason for encounter c

  Routine patrol   1.82 0.83, 3.99     0.14   0.57   0.20, 1.63     0.29
  Traffic stop   0.59 0.32, 1.06     0.07   0.92   0.40, 2.09     0.84
  Warrant   1.18 0.25, 5.57     0.84   2.23   0.69, 7.24     0.18
  Medical/welfare assist   2.24 0.81, 6.21     0.12   1.39   0.54, 3.60     0.50
  Other   1.64 0.69, 3.91     0.26   1.03   0.31, 3.45     0.97

Agency fixed effects Yes
Year fixed effects Yes
N of agencies 17
N of observations 2348
Pooled D2 26.31 (p < 0.01)
McFadden’s R2 0.48
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by causing pain and irritation to the eyes and skin 
[19], ECW/CEDs produce an electric current that 
causes involuntary muscle contraction [18]. The risk 
of severe injury for both weapons has generally been 
linked to interaction with pre-existing health condi-
tions; however, ECW/CEDs also carry the secondary 
potential for injury resulting from a subsequent fall, 
or in rare cases, cardiac disturbances related to the 
electrical shock [37].

Though we cannot pinpoint how civilian inju-
ries occurred, our results suggest that—for civilians 
directly involved in individual UOF encounters—
chemical agents may be less severe forms of force 
than ECW/CEDs. Our data indicates, however, that 

the use of ECW/CEDs is currently much more com-
mon than the use of chemical agents during UOF 
encounters involving less lethal weapons. Further, 
there is substantial variation in the use of ECW/CEDs 
and chemical agents across agencies and officers, 
reflecting differences in policies, training, and discre-
tionary practices regarding the use of these weapons. 
In our sample, the use of ECW/CEDs ranged from 
a low of 29% to a high of 98% of cases per agency, 
while the use of chemical agents ranged from a low of 
0% to a high of 48% of cases per agency.

An important complementary question is whether 
there exists a tradeoff between civilian and officer 
safety when using less-lethal weapons. Though 

Fig. 1   Average counterfactual probabilities for civilian injury outcomes
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officer injuries in our data were rare (less than 10% 
of incidents), we note limited support for this hypoth-
esis. In supplementary regression models (see Sup-
plementary Material), we find that police canines 
significantly reduced the odds of officer injury, but 
that no significant differences existed between ECW/
CEDs, chemical agents, and impact weapons after 
controlling for officer, civilian, and situational char-
acteristics. In combination with our main findings, 
these results suggest that increased use of chemical 
agents—in place of ECW/CEDs or impact weap-
ons—may reduce the risk of civilian injury  with-
out jeopardizing officer safety. However, we caution 
against making global recommendations from these 
findings for several reasons.

First, we cannot fully account for the context of 
less-lethal weapon use across  the incidents included 
in our sample. Recent studies have suggested that 
injury risk and severity from less-lethal weapons—
particularly chemical agents and kinetic impact pro-
jectiles—may be greater in crowded settings where 
larger numbers of civilians are exposed [4, 21, 22]. 
In these contexts, airborne agents and projectiles may 
strike unintended targets or linger in urban environ-
ments [21, 23, 38]. The incidents analyzed in this 
study primarily represent encounters between police 
and individual civilians. As such, we cannot speak to 
the differential risk of injury when less-lethal weap-
ons are deployed as crowd control weapons or in the 
vicinity of other civilians. This is particularly sali-
ent given the widespread use of chemical agents and 
impact weapons during recent protests across US cit-
ies and college campuses [3, 4]. Second, recent stud-
ies have pointed to potential long-term or delayed side 
effects associated with exposure to chemical agents, 
which are unlikely to be captured in our data [4]. 
Though it is possible that these secondary effects are 
more likely following the use of area-wide chemical 
agents (e.g., tear gas) rather than handheld OC/pep-
per spray, we cannot definitively test this hypothesis 
given the current data. Thus, while chemical agents 
are associated with less severe injuries, it is unclear 
whether they lead to greater numbers of injuries sec-
ondary to the immediate UOF encounter. This poten-
tial complicates broad policy conclusions, and more 
research is needed.

Similar caution should be exercised with regard 
to police canines, given that their use corresponds 
to both an increased risk of civilian injury and a 

decreased risk of officer injury. In our sample, the use 
of police canines ranged from a low of 0% to a high 
of 46% of cases per agency, but we lack the agency-
level data needed to understand when and why police 
canines were used. In general, canines are intended 
for highly specified situations where other types of 
less-lethal weapons may not be applicable, such as 
the detection of suspects at night and/or situations in 
which the perceived threat to officer or public safety 
is high [39]. As a result of this, some have argued that 
police canines deescalate encounters and prevent the 
use of deadly force in situations where it would oth-
erwise be necessary [39, 40]. This is not a hypothesis 
that we can directly test in our data, and thus, we can 
only confidently suggest that—in an effort to reduce 
civilian injury—the use of police canines should be 
reserved for situations in which they are truly neces-
sary to resolve an encounter.

One of the most important implications of our 
findings concerns the distinction between injury 
prevalence and severity. Prior efforts of this kind 
are often limited to binary measures of injury [6, 
15, 20, 23, 41], which may under or overestimate 
the risks associated with less-lethal weapons. Our 
results, for example, indicate that hospitalization 
data alone may severely underestimate the preva-
lence of civilian injury, and that for certain weapon 
types, injury may be more likely than not. In con-
trast, we also find that the majority of injuries asso-
ciated with certain weapon types (e.g., chemical 
agents and ECW/CEDs) appear minor, suggesting 
the importance of considering both outcomes when 
structuring UOF policies.

Injury prevalence and severity are also impor-
tant given the potential for police UOF to perpetu-
ate racial and ethnic health inequities. Though we do 
not find a significant direct effect of race/ethnicity on 
injury risk, the majority of the civilians included in 
our sample were non-White, and our results point to 
aggregate racial/ethnic differences in the frequency 
with which certain less-lethal weapons are used. 
Taken together, these results suggest disproportionate 
consequences of less-lethal weapon usage for certain 
people and places. UOF policy and practice should 
take into consideration the immediate risk of less-
lethal weapon usage for the individuals involved, but 
also the broader application of less-lethal weapons 
across sociodemographic groups and implications for 
the communities affected [42].
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These findings are not without limitations. First, 
our sample is not nationally representative and inten-
tionally excludes smaller police agencies. Second, we 
observed significant variation in injury rates across 
agencies, possibly pointing to inconsistency in the 
way that agencies defined and recorded these out-
comes (despite our efforts at harmonizing the data). 
Third, our analyses focused on the most severe form 
of force used in each encounter, and thus, incidents 
involving multiple forms of force received only one 
weapon-type code. Though these incidents were rare, 
and our analyses accounted for the number of weap-
ons used in each encounter, we were unable to iden-
tify which weapon was responsible for civilian injury 
when multiple were used. Our data are also inherently 
non-experimental and subject to omitted variable 
bias. It is possible that additional unobserved factors 
may confound our relationships of interest.

Finally, our study focuses only on the use of less-
lethal weapons and their efficacy for reducing civil-
ian injury. As such, we do not consider other forms of 
force such as hands-on tactics, which are used in the 
majority of UOF encounters and may account for the 
majority of civilian injuries [11]. We also do not con-
sider the failure rate of less-lethal weapons or their 
effectiveness in successfully apprehending civilians. 
This is an important consideration for law enforce-
ment practitioners, and additional research compar-
ing both injury risk and effectiveness across weapon 
types is needed. Nonetheless, multi-agency data on 
civilian injury in UOF encounters is difficult to col-
lect, and this study represents one of the largest and 
most current analyses of these relationships to date.

Conclusion

Less-lethal weapons can be effective tools to reduce 
the risk of civilian injury during UOF encounters in 
large urban and suburban jurisdictions, but our results 
suggest that certain modalities of force are signifi-
cantly more effective in this regard than others. Our 
findings indicate that police agencies can reduce the 
severity of civilian injury by adopting policies and 
training that limit the use of police canines and maxi-
mize the use of chemical agents in  situations where 
minor force is sufficient, and that these measures can 
be taken without jeopardizing officer safety. However, 
more research is needed on the long-term effects of 

chemical agents and their risk within group settings. 
Absent this research, global policy recommendations 
should be made with caution.

Acknowledgements  We would like to acknowledge the 
Police Executive Research Forum for their role in collecting 
and coding the data used in this project. We would also like to 
acknowledge the advisory board members for this project, and 
in particular, Geoff Alpert for providing feedback on prior ver-
sions of this manuscript. Funding was provided by the National 
Collaborative on Gun Violence Research.

Funding  Open access funding provided by the Carolinas 
Consortium.

Data Availability  The data used in this project is archived on 
the Open Science Framework (https://​osf.​io/​ju4nw/). R code is 
available upon request.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Obasogie OK, Newman Z. Police violence, use of force 
policies, and public health. Am J Law Med. 2017;43(2–
3):279–95. https://​doi.​org/​10.​1177/​00988​58817​723665.

	 2.	 Burrell DN, Burton SL, McGrath GE. Racially motivated 
police brutality is a community public health issue in the 
United States. Int J Health Syst Transl Med. 2023;3(1):1–
15. https://​doi.​org/​10.​4018/​ijhstm.​315296.

	 3.	 Orleck A. Campus protest. Women’s Hist Rev. 2024;33:1–
7. https://​doi.​org/​10.​1080/​09612​025.​2024.​23915​75.

	 4.	 Torgrimson-Ojerio BN, Mularski KS, Peyton MR, Keast 
EM, Hassan A, Ivlev I. Health issues and healthcare uti-
lization among adults who reported exposure to tear gas 
during 2020 Portland (OR) protests: a cross-sectional sur-
vey. BMC Public Health. 2021;21(1). https://​doi.​org/​10.​
1186/​s12889-​021-​10859-w

	 5.	 Tapp S, Davis E. Contacts between police and the public, 
2020. Bureau of Justice Statistics. 2022. https://​bjs.​ojp.​
gov/​sites/g/​files/​xycku​h236/​files/​media/​docum​ent/​cbpp20.​
pdf. Accessed 7 Oct 2024 .

https://osf.io/ju4nw/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/0098858817723665
https://doi.org/10.4018/ijhstm.315296
https://doi.org/10.1080/09612025.2024.2391575
https://doi.org/10.1186/s12889-021-10859-w
https://doi.org/10.1186/s12889-021-10859-w
https://bjs.ojp.gov/sites/g/files/xyckuh236/files/media/document/cbpp20.pdf
https://bjs.ojp.gov/sites/g/files/xyckuh236/files/media/document/cbpp20.pdf
https://bjs.ojp.gov/sites/g/files/xyckuh236/files/media/document/cbpp20.pdf


	 Petersen et al.

Vol:. (1234567890)

	 6.	 Bozeman WP, Stopyra JP, Klinger DA, et  al. Injuries 
associated with police use of force. J Trauma Acute Care 
Surg. 2018;84(3):466–72. https://​doi.​org/​10.​1097/​ta.​00000​
00000​001783.

	 7.	 Hickman MJ, Strote JN, Scales RM, Parkin WS, Collins 
PA. Police use of force and injury: multilevel predic-
tors of physical harm to subjects and officers. Police Q. 
2021;24(3):109861112097296. https://​doi.​org/​10.​1177/​
10986​11120​972961.

	 8.	 Stroshine MS, Brandl SG. The use, effectiveness, and haz-
ards associated with police use of force: the unique case of 
weaponless physical force. Police Pract Res. 2020;21(6):1–
18. https://​doi.​org/​10.​1080/​15614​263.​2019.​15823​42.

	 9.	 Facts and Figures on Injuries Caused by Law Enforcement 
| Law Enforcement Epidemiology Project | University of 
Illinois Chicago. University of Illinois Chicago. Published 
2023. Accessed June 4, 2024. https://​polic​eepi.​uic.​edu/​
data-​civil​ian-​injur​ies-​law-​enfor​cement/​facts-​figur​es-​injur​
ies-​caused-​law-​enfor​cement/

	10.	 Miller TR, Lawrence BA, Carlson NN, et  al. Perils of 
police action: a cautionary tale from US data sets. Inj 
Prev. 2016;23(1):27–32. https://​doi.​org/​10.​1136/​injur​
yprev-​2016-​042023.

	11.	 Alpert G, Smith M, Kaminski R, Fridell L, MacDonald J, 
Kubu B. Police use of force, TASERs and other less-lethal 
weapons. NIJ Research in Brief. 2011;5:1–19.

	12.	 Haskins P. Pepper spray: research insights on effects and 
effectiveness have curbed its appeal. NIJ J. 2019;(281). 
https://​nij.​ojp.​gov/​libra​ry/​publi​catio​ns/​pepper-​spray-​
resea​rch-​insig​hts-​effec​ts-​and-​effec​tiven​ess-​have-​curbed-​
its. Accessed 7 Oct 2024.

	13.	   Haskins P. Conducted energy devices: policies on use 
evolve to reflect research and field deployment experience. 
NIJ J. 2019;(281). https://​nij.​ojp.​gov/​topics/​artic​les/​condu​
cted-​energy-​devic​es-​polic​ies-​use-​evolve-​refle​ct-​resea​rch-​
and-​field-​deplo​yment. Accessed 7 Oct 2024.

	14.	 US Department of Justice. Law enforcement manage-
ment and administrative statistics (LEMAS), 2020. 
Office of Justice Programs, Bureau of Justice Statistics; 
2023. https://​www.​icpsr.​umich.​edu/​web/​NACJD/​studi​es/​
38651. Accessed 13 June 2024.

	15.	 MacDonald JM, Kaminski RJ, Smith MR. The effect of 
less-lethal weapons on injuries in police use-of-force 
events. Am J Public Health. 2009;99(12):2268–74. https://​
doi.​org/​10.​2105/​ajph.​2009.​159616.

	16.	 Terrill W, Paoline EA III. Conducted energy devices 
(CEDs) and citizen injuries: the shocking empirical real-
ity. Justice Q. 2012;29(2):153–82. https://​doi.​org/​10.​1080/​
07418​825.​2010.​549834.

	17.	 Smith MR, Kaminski RJ, Rojek J, Alpert GP, Mathis J. 
The impact of conducted energy devices and other types 
of force and resistance on officer and suspect injuries. 
Policing. 2007;30(3):423–46. https://​doi.​org/​10.​1108/​
13639​51071​07788​22.

	18.	 Baliatsas C, Gerbecks J, Dückers MLA, Yzermans CJ. 
Human health risks of conducted electrical weapon expo-
sure. JAMA Netw Open. 2021;4(2):e2037209. https://​doi.​
org/​10.​1001/​jaman​etwor​kopen.​2020.​37209.

	19.	 Semple T, Jenkins B, Bennell C. Injuries and deaths prox-
imate to oleoresin capsicum spray deployment: a literature 

review. Police J. 2020;94(2):184–205. https://​doi.​org/​10.​
1177/​00322​58x20​926873.

	20.	 White MD, Ready J. The TASER as a less lethal force 
alternative. Police Q. 2007;10(2):170–91. https://​doi.​org/​
10.​1177/​10986​11106​288915.

	21.	 Haar RJ, Iacopino V, Ranadive N, Dandu M, Weiser SD. 
Death, injury and disability from kinetic impact projec-
tiles in crowd-control settings: a systematic review. BMJ 
Open. 2017;7(12):e018154. https://​doi.​org/​10.​1136/​bmjop​
en-​2017-​018154.

	22.	 Haar RJ, Iacopino V, Ranadive N, Weiser SD, Dandu 
M. Health impacts of chemical irritants used for 
crowd control: a systematic review of the injuries 
and deaths caused by tear gas and pepper spray. BMC 
Public Health. 2017;17(1). https://​doi.​org/​10.​1186/​
s12889-​017-​4814-6

	23.	 Kaske EA, Cramer SW, Pino IP, et al. Injuries from less-
lethal weapons during the George Floyd protests in Min-
neapolis. N Engl J Med. 2021;384(8):774–5. https://​doi.​
org/​10.​1056/​nejmc​20320​52.

	24.	 Mourtgos SM, Adams IT, Baty SR. Challenging the ordi-
nality of police use-of-force policy. Crim Justice Policy 
Rev. 2022;33(2):088740342110383. https://​doi.​org/​10.​
1177/​08874​03421​10383​46.

	25.	 Terrill W, Paoline EA. Examining less lethal force policy 
and the force continuum: results from a national use-of-
force study. Police Q. 2013;16(1):38–65. https://​doi.​org/​
10.​1177/​10986​11112​451262.

	26.	 McLean K, Alikhan A, Alpert GP. Re-examining 
the use of force continuum: why resistance is not 
the only driver of use of force decisions. Police Q. 
2022;26(1):109861112110663. https://​doi.​org/​10.​1177/​
10986​11121​10663​53.

	27.	 Sheppard KG, Welsh BC. Can police use of less-than-
lethal weapons reduce harm during violent police-citizen 
encounters? A systematic review and directions for future 
research. Aggress Violent Beh. 2022;64:101748. https://​
doi.​org/​10.​1016/j.​avb.​2022.​101748.

	28.	 Liu W, Taylor B, Mumford EA. Prevalence and determi-
nants of safety equipment use: analysis from a national 
dataset of law enforcement officers in the US. Int J Police 
Sci Manag. 2023;26(1):14–24. https://​doi.​org/​10.​1177/​
14613​55723​11894​28.

	29.	 Garner JH, Maxwell CD, Heraux CG. Characteristics 
associated with the prevalence and severity of force used 
by the police. Justice Q. 2002;19(4):705–46. https://​doi.​
org/​10.​1080/​07418​82020​00954​01.

	30.	 Johnson RR. Suspect mental disorder and police use of 
force. Crim Justice Behav. 2011;38(2):127–45. https://​doi.​
org/​10.​1177/​00938​54810​388160.

	31.	 Pfeffermann D. The role of sampling weights when mode-
ling survey data. Int Stat Rev. 1993;61(2):317. https://​doi.​
org/​10.​2307/​14036​31.

	32.	 Van Buuren S, Groothuis-Oudshoorn K. Mice: multivari-
ate imputation by chained equations in R. J Stat Softw. 
2011;45(3). https://​doi.​org/​10.​18637/​jss.​v045.​i03

	33.	 Rubin DB. Multiple imputation for nonresponse in sur-
veys. New York City, NY: John Wiley; 1987.

	34.	 R Core Team. R: The R project for statistical computing. 
R-project.org. 2023. https://​www.r-​proje​ct.​org.  Accessed 
13 June 2024.

https://doi.org/10.1097/ta.0000000000001783
https://doi.org/10.1097/ta.0000000000001783
https://doi.org/10.1177/1098611120972961
https://doi.org/10.1177/1098611120972961
https://doi.org/10.1080/15614263.2019.1582342
https://policeepi.uic.edu/data-civilian-injuries-law-enforcement/facts-figures-injuries-caused-law-enforcement/
https://policeepi.uic.edu/data-civilian-injuries-law-enforcement/facts-figures-injuries-caused-law-enforcement/
https://policeepi.uic.edu/data-civilian-injuries-law-enforcement/facts-figures-injuries-caused-law-enforcement/
https://doi.org/10.1136/injuryprev-2016-042023
https://doi.org/10.1136/injuryprev-2016-042023
https://nij.ojp.gov/library/publications/pepper-spray-research-insights-effects-and-effectiveness-have-curbed-its
https://nij.ojp.gov/library/publications/pepper-spray-research-insights-effects-and-effectiveness-have-curbed-its
https://nij.ojp.gov/library/publications/pepper-spray-research-insights-effects-and-effectiveness-have-curbed-its
https://nij.ojp.gov/topics/articles/conducted-energy-devices-policies-use-evolve-reflect-research-and-field-deployment
https://nij.ojp.gov/topics/articles/conducted-energy-devices-policies-use-evolve-reflect-research-and-field-deployment
https://nij.ojp.gov/topics/articles/conducted-energy-devices-policies-use-evolve-reflect-research-and-field-deployment
https://www.icpsr.umich.edu/web/NACJD/studies/38651
https://www.icpsr.umich.edu/web/NACJD/studies/38651
https://doi.org/10.2105/ajph.2009.159616
https://doi.org/10.2105/ajph.2009.159616
https://doi.org/10.1080/07418825.2010.549834
https://doi.org/10.1080/07418825.2010.549834
https://doi.org/10.1108/13639510710778822
https://doi.org/10.1108/13639510710778822
https://doi.org/10.1001/jamanetworkopen.2020.37209
https://doi.org/10.1001/jamanetworkopen.2020.37209
https://doi.org/10.1177/0032258x20926873
https://doi.org/10.1177/0032258x20926873
https://doi.org/10.1177/1098611106288915
https://doi.org/10.1177/1098611106288915
https://doi.org/10.1136/bmjopen-2017-018154
https://doi.org/10.1136/bmjopen-2017-018154
https://doi.org/10.1186/s12889-017-4814-6
https://doi.org/10.1186/s12889-017-4814-6
https://doi.org/10.1056/nejmc2032052
https://doi.org/10.1056/nejmc2032052
https://doi.org/10.1177/08874034211038346
https://doi.org/10.1177/08874034211038346
https://doi.org/10.1177/1098611112451262
https://doi.org/10.1177/1098611112451262
https://doi.org/10.1177/10986111211066353
https://doi.org/10.1177/10986111211066353
https://doi.org/10.1016/j.avb.2022.101748
https://doi.org/10.1016/j.avb.2022.101748
https://doi.org/10.1177/14613557231189428
https://doi.org/10.1177/14613557231189428
https://doi.org/10.1080/07418820200095401
https://doi.org/10.1080/07418820200095401
https://doi.org/10.1177/0093854810388160
https://doi.org/10.1177/0093854810388160
https://doi.org/10.2307/1403631
https://doi.org/10.2307/1403631
https://doi.org/10.18637/jss.v045.i03
https://www.r-project.org


Less Lethal Weapons and Civilian Injury in Police Use of Force Encounters: A Multi-Agency Analysis

Vol.: (0123456789)

	35.	 Robitzsch A, Grund S, Henke T. miceadds: some addi-
tional multiple imputation functions, especially for 
“mice.” R-Packages. 2023. https://​cran.r-​proje​ct.​org/​packa​
ge=​micea​dds. Accessed 19 Apr 2024.

	36.	 Arel-Bundock V, Greifer N, Heiss A. How to interpret sta-
tistical models using marginal effects for R and Python. 
J Stat Softw. Forthcoming:1–31. https://​margi​nalef​fects.​
com/​files/​margi​nalef​fects_​arel-​bundo​ck_​greif​er_​heiss_​
jss51​15.​pdf. Accessed 13 June 2024.

	37.	 Vilke GM, Chan TC. Less lethal technology: medical 
issues. Policing. 2007;30(3):341–57. https://​doi.​org/​10.​
1108/​13639​51071​07787​87.

	38.	 Rothenberg C, Achanta S, Svendsen ER, Jordt S. Tear gas: 
an epidemiological and mechanistic reassessment. Ann 
N Y Acad Sci. 2016;1378(1):96–107. https://​doi.​org/​10.​
1111/​nyas.​13141.

	39.	 Adams IT, Mourtgos SM, McLean K, Alpert GP. De-
fanged. Journal of Experimental Criminology. Pub-
lished online January 28, 2023. https://​doi.​org/​10.​1007/​
s11292-​023-​09553-1

	40.	 Dorriety JK. Police service dogs in the use-of-force con-
tinuum. Crim Justice Policy Rev. 2005;16(1):88–98. 
https://​doi.​org/​10.​1177/​08874​03404​266758.

	41.	 Ifantides C, Christopher KL, Deitz GA, et  al. Ophthal-
mic injuries by less-lethal kinetic weapons during the US 
George Floyd protests in Spring 2020. JAMA Ophthalmol. 
2021;139(2):242. https://​doi.​org/​10.​1001/​jamao​phtha​
lmol.​2020.​5325.

	42.	 DeVylder JE, Anglin DM, Bowleg L, Fedina L, Link BG. 
Police violence and public health. Annu Rev Clin Psychol. 
2022;18(1):527–52. https://​doi.​org/​10.​1146/​annur​ev-​clinp​
sy-​072720-​020644.

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://cran.r-project.org/package=miceadds
https://cran.r-project.org/package=miceadds
https://marginaleffects.com/files/marginaleffects_arel-bundock_greifer_heiss_jss5115.pdf
https://marginaleffects.com/files/marginaleffects_arel-bundock_greifer_heiss_jss5115.pdf
https://marginaleffects.com/files/marginaleffects_arel-bundock_greifer_heiss_jss5115.pdf
https://doi.org/10.1108/13639510710778787
https://doi.org/10.1108/13639510710778787
https://doi.org/10.1111/nyas.13141
https://doi.org/10.1111/nyas.13141
https://doi.org/10.1007/s11292-023-09553-1
https://doi.org/10.1007/s11292-023-09553-1
https://doi.org/10.1177/0887403404266758
https://doi.org/10.1001/jamaophthalmol.2020.5325
https://doi.org/10.1001/jamaophthalmol.2020.5325
https://doi.org/10.1146/annurev-clinpsy-072720-020644
https://doi.org/10.1146/annurev-clinpsy-072720-020644

	Less-Lethal Weapons and Civilian Injury in Police Use of Force Encounters: A Multi-agency Analysis
	Abstract 
	Introduction
	Methods
	Statistical Approach

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


