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Emergency department visits for 
dog bite injuries in Missouri 
municipalities with and without 
breed-specific legislation: a 
propensity score-matched 
analysis
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Breed-Specific Legislation is a type of law that bans or restricts ownership 
of specific dog breeds. Some local governments – including over seventy 
municipalities in the state of Missouri – have enacted Breed-Specific 
Legislation to prevent injuries from dog bites. Several studies from the peer-
reviewed literature have found that aggressive behavior is not associated with 
any particular dog breeds and, since 2018, at least a dozen municipalities in 
Missouri have repealed these laws. To evaluate the impact of Breed-Specific 
Legislation on public safety, the 2010–2015 rates of emergency department 
visits for dog bite-related injuries in Missouri municipalities with and without 
Breed-Specific Legislation were compared. Propensity-score matched negative 
binomial regression models were used to assess the effect of breed restrictions 
on injury rates while balancing the samples on population characteristics and 
estimates of dog ownership. After matching the sample on population, housing 
and dog ownership estimates, no association was found between emergency 
department visits for dog bite injuries and whether the municipality enacted 
Breed-Specific Legislation. However, the incidence rate ratio of emergency 
room visits for dog bite-related injuries increased by 13.8% for every 1% increase 
in the percentage of males aged 5 to 9 in the population (p <  0.01). This study 
has found breed discriminatory laws have not reduced the risk of emergency 
department visits for injury from dog bites in Missouri. There appears to be no 
greater risk to public safety as local governments move to repeal existing breed 
bans.
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Introduction

The rate of dog bite related emergency department (ED) visits in the United States 
appear to have declined as dog ownership rates have increased (1, 2). Over the two decades 
between 1990 and 2010, dog ownership trends in the United States remained constant, with 
approximately 39% of households owning at least one dog (1). Since 2010 dog ownership 
has steadily increased and it is now estimated that more than half (54%) of U.S. households 
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own at least one dog (2). Over the same period, ED visits for dog 
bite related injuries dropped from an average of 112 visits per 
100,000 residents between 2010 and 2015 to 107 visits per 100,000 
between 2015 and 2020 (3). This trend suggests that the mere 
presence of dogs in a community may not be associated with the 
risk of being bitten by a dog. Nonetheless, in the U.S., dog bites are 
ranked as the 8th leading cause of nonfatal injury for children 
under the age of 15 (3) and children – particularly boys – aged 5 to 
9 are at the greatest risk for a dog bite-related injury that results in 
an ED visit (4–8).

Some municipalities have sought to reduce the incidence of dog 
bite-related injuries by placing targeted restrictions on dog ownership 
through local ordinances known as Breed-Specific Legislation (BSL). 
In most cases, BSL prohibits the ownership of specific breeds, but 
may also limit ownership through restrictions placed on guardianship 
of certain breeds (ownership fees, muzzling, signage and insurance 
requirements, etc). These laws are enacted as an attempt to make 
communities safer by prohibiting the ownership of certain dog breeds 
stereotyped as more aggressive than other breeds. Yet, a significant 
number of studies have provided evidence that BSL is unlikely to 
protect against serious injury from a dog bite, as breed is not 
associated with the likelihood of being bitten by a dog (9–11) or the 
strength of a bite (12–14). Patronek et al. (15) outlined an approach 
similar to the Number Needed to Treat from evidence-based 
medicine (16) to estimate the number of dogs from a targeted breed 
that would need to be banned to prevent an ED visit for a dog bite-
related injury. Using this approach, 6,667 dogs would need to 
be banned to prevent a single ED visit each year based on the current 
estimates of dog bite ED visits and the assumption that the breed 
banned accounted for 15% of dog bites. This Number Needed to 
be Banned would grow exponentially with each ED visit prevented, 
calling into question the efficacy of targeted breed restriction as a 
viable injury prevention strategy. In fact, studies that have assessed 
the effectiveness of BSL in Canada (17), Spain (18), Ireland (19), 
Scotland (20), The Netherlands (21) and Denmark (22) have found 
that serious dog bite injuries were not reduced through the 
enactment of BSL.

To date no research evaluating the impact of BSL on ED visits 
in local municipalities in the U.S. has been published. For this study, 
medical records from hospitals in the state of Missouri (MO) were 
used to determine if ED visits for dog bite injuries are higher in MO 
municipalities without BSL than in MO municipalities with 
BSL. Without randomization, a disproportionate distribution of 
factors associated with dog bite injuries may confound the assessment 
of BSL’s impact on injuries. To account for the potential influence of 
selection bias, Propensity Score Matching (23) was used to match each 
BSL municipality included in the sample to municipalities with similar 
population (% males 5–9 and 10–14), housing (% renter-occupied 
units) and dog ownership (% households with one or more than one 
dog) characteristics.

Municipal codes in over 70 cities and towns across MO currently 
contain breed restrictions (24). However, since 2018, at least a dozen 
municipalities in MO, including Springfield, Liberty and 
Independence, have repealed BSL, which follows the trend seen in 
municipalities across the country in recent years (25). Results from 
this research can be used to assess the impact these repeals may have 
on dog bite injuries and inform future decisions regarding 
BSL repeal.

Methods

Data sources

Emergency department patient injury data recorded by MO 
hospitals from 2010 through 2015 were retrieved from the Missouri 
Public Health Information Management System’s (MPHIMS) Injury 
– MICA database (26). These data are the most recent available from 
the Injury MICA database. International Classification of Diseases-9th 
Revision-Clinical Modification codes were used to identify ED visits 
related to dog bites (ICD-9 Code E906) for each year and counts were 
grouped by the patient zip code. Population estimates for 2010 
through 2015 were taken from the American Community Survey 
(ACS) 1-Year Data and aggregated by Zip Code Tabulation Area 
(ZCTA), the geographic representations of United  States Postal 
Service zip code service areas (27). After merging the ED visits and 
population estimates by zip code/ZCTA, annual crude estimates for 
ED visits per 100,000 residents were calculated by dividing the 
number of ED visits recorded in each zip code by the estimated 
population for the zip code and multiplying by 100,000. Average crude 
rates for dog bite-related ED visits across the five-year period were 
then calculated for each zip code. As part of the MPHIMS 
confidentiality and data suppression rules, Injury MICA data are 
suppressed when cell counts of ED visits by year fall below three cases 
(26). In areas of the state with small populations, rates for dog bites 
often fell below three per year. To account for the higher likelihood of 
missing data in areas of the state with fewer residents, analyses were 
limited to zip codes in the highest quartile of the state’s population (an 
average above 14,000 residents over the five-year period).

Municipalities in MO with BSL during the 2010–2015 period were 
identified though the online directory bslcensus.com (24). For each 
municipality listed, current municipal codes were reviewed to confirm 
that BSL had been enacted and to determine whether the ordinance 
had been repealed. All zip codes that fell within the municipalities 
with BSL ordinances (including bans or restrictions) in effect between 
2010 and 2015 were indexed and merged with the dog bite-related ED 
records. The resulting dataset used for the analysis included 142 zip 
codes, 48 zip codes with BSL and 94 without BSL (Figure 1).

Population and housing estimates used to balance the sample were 
acquired from the 2015 American Community Survey 5-Year Data, 
aggregated by ZCTA and merged with the analytic dataset (28). Data 
include the total population for the period and the proportion of 
males aged 5 to 9 and males aged 10 to 14 – the populations for which 
dog bite ED visits are most prevalent. The proportions of renter 
occupied housing units were also included, as the space limitations of 
rental units and landlord pet restrictions may be associated with the 
size and breeds of dogs owned. Complete ED visit data were not 
available for all six years of the study period for eight zip codes; 
therefore, person-years were calculated for each zip code using the 
number of years for which data were available and the estimate of the 
population. Dog ownership estimates are not available by zip code/
ZCTA for 2010–2015. However, ZCTA aggregated 2022 estimates of 
household pet ownership are available through the Esri ArcGIS 
GeoEnrichment service (29). Although zip code-level estimates of the 
total dog population are not available, these data were used to 
approximate the relative differences in the percentage of households 
with one dog and percentage of households with two or more dogs 
across municipalities included in the analysis under the assumption 
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that general trends in dog ownership rates have remained relatively 
stable in these municipalities since 2015.

Analysis

All analyses were conducted using R 4.3.1 (30). Bivariate 
comparisons of dog bite injury rates, population and housing 
characteristics and dog ownership rates across groups (with and 
without BSL) were completed using independent t-tests. Propensity 
scores for the probability of each municipality being in the BSL group 
were calculated using logistic regression and estimates of population 
proportions for males aged 5 to 9, males 10 to 14, renter occupied 
housing units, households with one dog and households with two or 
more dogs as covariates. Municipalities were matched using the Full 
Match Method in the MatchIt R package (31). Standardized mean 
differences (SMD) and variance ratios (VR) were used to evaluate the 
balancing of covariates related to selection, with balancing thresholds 
set to −0.1/+0.1 for SMD and 0.8 and 1.25 for VR (32). Negative 
binomial regression was used for all predictive models, with the total 
ED visits for dog bite related injury as the dependent variable and the 

log person-years included as an offset. Models with BSL predicting 
injury rate were tested with and without covariates.

3 Results

Differences between BSL and non-BSL municipalities with respect 
to the average rate of ED visits for a dog bite injury, population and 
housing estimates and dog ownership estimates are included in 
Table 1. The overall rate of ED visits for dog bite injuries from 2010 to 
2015 averaged 101/100,000 residents. No statistically significant 
differences in injury rates were found between municipalities with or 
without BSL, or between population, housing and dog ownership 
estimates. Accordingly, SMDs and VRs were minimally improved 
through matching (Figure  2). Notably, while the SMD for the 
proportion of renter occupied units in each group was relatively 
balanced, an imbalance in the VR, the result of greater variation in the 
non-BSL group, remained after matching.

Incidence rate ratios generated from a regression model predicting 
ED rates without covariates or balancing (1) and a balanced regression 
model with population, housing and dog ownership covariates (2) are 

FIGURE 1

Zip codes included in analytic dataset and BSL status between 2010 and 2015.

TABLE 1 Characteristics of Missouri municipalities with and without breed-specific legislation.

Mean (standard deviation)

No BSL (n  =  94) BSL (n  =  48) Total (n  =  142) p-value1

Average crude rate of dog bite-related emergency 

department visits 2010–2015 (per 100 k residents)

98.93 (33.27) 104.17 (34.94) 100.73 (33.82) 0.39

% males 5 to 9 years old (2011–2015) 3.40 (0.87) 3.24 (0.69) 3.35 (0.81) 0.27

% males 10 to 14 years old (2011–2015) 3.30 (0.93) 3.29 (0.83) 3.30 (0.89) 0.94

% renter occupied units (2011–2015) 30.43 (13.58) 31.14 (8.44) 30.67 (12.06) 0.74

% households with one dog (2022) 24.56 (2.89) 25.28 (2.94) 24.80 (2.92) 0.16

% households with two or more dogs (2022) 15.70 (4.50) 15.85 (4.34) 15.75 (4.43) 0.86

1Independent sample t-test.
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presented in Table  2. Breed-Specific Legislation was not found to 
be  associated with ED visits in either model. After matching the 
sample on population, housing and dog ownership estimates, the rate 
ratio of ED visits for dog bite related injuries increased with greater 
proportions of males aged 5 to 9 in the population. Specifically, with 
every 1% increase in the population of males aged 5 to 9 the incidence 
rate ratio is predicted to increase by 13.8% (p < 0.01). The proportion 
of renter occupied units was also found to be positively associated 
with injury, with a 1.3% increase in incidence rate ratio for every 1% 
increase in renter occupied units (p < 0.01).

Discussion

Consistent with previous research (17–22), this study found that 
the rate of ED visits for dog bite-related injuries was not associated 
with dog breed restrictions placed on the residents of communities. 
Estimates of having a single dog or multiple dogs in a home were not 
associated with rates of dog bite injury. Also consistent with injury 
epidemiology research, incidence of injury from a dog bite that 
prompted an ED visit was found to be greatest among male children 
between the ages of 5 and 9 years-old, regardless of how many dogs 
were in the community or what breed restrictions were placed on dog 
owners. Space limitations may inherently influence the number, size 
and breed of dogs owned by renters and landlord-imposed pet 
restrictions are widespread, systematically limiting dog ownership 

among renters (33). While BSL restricts ownership based on breed, 
landlord-imposed bans are less specific and restrict any type of dog 
the landlord considers to be more volatile or unwelcome. Yet, the rate 
of dog bite injury was found to increase with the proportion of renters 
in a community. Results of this study suggest that the approach of both 
landlords and government agencies to use ownership restrictions as a 
means of mitigating risk is fundamentally unsound.

The 2010–2015 rate of dog bite-related ED visits for the sample 
of MO communities included in this study was 101 visits per 100,000 
residents, while the national average over that period was 112 visits 
per 100,000. There is insufficient evidence to demonstrate Missouri 
residents had an outsized risk of injury from a dog bite, yet with over 
70 BSL ordinances throughout the state, the local response to the 
perceived threat of dog bites from specific breeds was quite 
substantial. Injury rates in communities with BSL included in this 
study were 104 per 100,000 residents. While it is impossible to know 
what this rate would be  if BSL were not enacted in these 
communities, results from this study suggest that a school-aged male 
child is just as likely to end up in the ED for a dog bite in a city with 
a breed restriction than one without and it appears to be unrelated 
to the number of dogs in the community. There is no benefit to 
parents of these children that the breed of dog that caused the injury 
was or was not permitted within city limits. Absent any data 
demonstrating that a breed restriction decreases the overall rate of 
dog bite injury, there is insufficient evidence to use this strategy to 
promote public health and safety.

FIGURE 2

Standardized mean differences and variance ratios for balanced and unbalanced groups.
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Although select population and household variables were found 
to be  associated with dog bite injuries, many other factors not 
considered in this analysis may be associated with dog bite injury risk. 
Renter occupied housing units were included in the model as a 
potential proxy for dog breed and size. However, rental units may also 
be associated with sociodemographic or environmental variables. For 
example, per capita income and education, which were found to 
be associated with dog bite injury in New York City (7), or housing 
vacancy rates, which were found to be associated with dog bite injury 
in Detroit (34). Coupling this with the strong relationship between 
dog bite injury and household composition (particularly, the presence 
of young children), public health and safety planning that focuses on 
the needs of parents and the responsibilities of both parents and dog 
owners would likely be  more effective at preventing injury than 
strategies focused on the physical characteristics of the dogs they own.

While the data included in this study provided meaningful 
metrics to assess policies restricting dog breeds, more detailed 
information, such as the breeds of dogs involved in injuries, 
information about the ED patients and the overall incidence of dog 
bites in a community, would strengthen the validity of the results. 
Unfortunately, these data are scarce and, even if available, infamously 
unreliable. The lack of ED data from less-populated areas also limited 
our ability to assess BSL statewide. The quasi-experimental method of 
propensity score matching allowed for less biased causal inferences, 
similar to analyses of data from randomized groups. However, 
matching only accounted for factors known to be associated with the 
predictor or outcome variables. Unknown or unavailable explanatory 

variables could not be  accounted for, which are assumed to 
be  proportionally distributed through true randomization. 
Nonetheless, matching provided more context to the analyses, such 
that alternative explanations for the relationships between variables 
were limited.

Conclusion

We have found that policies in MO that restrict dog ownership 
based on breed have not reduced the risk of ED visits for injury from 
dog bites, and no relationship was found between estimates of dog 
ownership and rates of injury. As such, there appears to be no greater 
risk to public safety as dog ownership continues to increase in 
popularity and local and state governments move to repeal existing 
breed bans. Consistent with previous research, rates of injury were, 
however, associated with population and household characteristics, 
highlighting the need to shift the focus of injury prevention to factors 
associated with the owner.
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