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Abstract 

 
OBJECTIVES: The goal of this study was to conduct a comprehensive data review to assess the 

prevalence and modifying factors for traumatic bicycle injury in order to identify factors that 

increase the risk for injury in Pima County. Following this, the intervention methods currently in 

place would be assessed in order to identify gaps in injury prevention and suggest new avenues 

to prevent injury in the future.  

 

MATERIALS AND METHODS: Bicycle injury data was collected from the UMC Trauma 

Registry for the years 2012 -2013 and cross-tabulated with other factors related to the context of 

injuries. This data was coupled with secondary data from the CDC, WISQARS, U.S. DHHS, AZ 

DHHS, and ADOT. In addition, a key informant interview was conducted with a representative 

from the Pima Association of Governments in order to assess bicycle ridership in Pima County.  

 

RESULTS: A total of 241 trauma cases for 2012 and 250 trauma cases for 2013 were analyzed 

to assess injury risk. It was found that individuals who are male, 30-59 years of age, aren’t 

wearing any protective equipment, and are riding during the day are more likely to sustain 

traumatic injuries. The assessment of intervention measures revealed that there are multiple 

injury prevention measures currently in practice on the levels of education, enforcement, and 

engineering.  
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Injury Epidemiology Background: AZ vs. U.S. 

 
 For the majority of the last century, the United States has focused a significant portion of 

its healthcare efforts on the prevention and treatment of chronic disease. This is both a 

predictable and reasonable shift in practice, as the technological advancement and monetary 

wealth of the country has kept the threat of infectious diseases at bay. Yet among the five leading 

causes of death within the United States, an outlier exists. Currently, the five leading causes of 

death in decreasing order of prevalence are heart disease (24.2%), cancer (23.3%), chronic lower 

respiratory diseases (5.6%), stroke (5.2%), and unintentional injuries (4.9%) (CDC, 2010). The 

first four causes are largely degenerative health complications that rely on a host of progressive 

factors including age, personal behaviors, and environmental influence. Unintentional injury, on 

the other hand, is more elusive as it often occurs in more unpredictable contexts. Unintentional 

injury is also a frontier that is relatively underexplored in regards to epidemiological research 

and prevention tactics. Despite this, it is important to discuss the implications of unintentional 

injury as an avenue to prevent premature death.  

 Although the volume of deaths related to unintentional injury is small relative to chronic 

disease, there is a tragic reality present in the landscape of injury data. For example, in reference 

to years of potential life lost (YPLL) prior to age 65 for the United States, unintentional injury 

constitutes the largest prevalence relative to other causes at 18.9%. Furthermore, as indicated in 

Figure 1, the data for Arizona show that injury far exceeds the additional leading causes of 

YPLL as it stands at 21.4% of the total (CDC WISQARS, 2010).  
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Figure 1. Years of Potential Life Lost Before Age 65, Arizona, 2010 

 

(CDC, 2010) 

Essentially, what the data represents for Arizona is that for those individuals that die before the 

age of 65, one in five will die due to causes related to unintentional injuries. Thus, Arizona is a 

state that exceeds the national average for premature death due to unintentional injuries (CDC 

WISQARS, 2010). In addition, unintentional injury represents 6.5% of total annual deaths, 

which is slightly greater than the national average of 4.9% (CDC, 2010).  

 Interestingly, the data for emergency department injury visits runs counter to the trend in 

injury death rates and YPLL when comparing Arizona to the national average. For example, in 

2010, 23% of E.R. visits in the U.S.- almost 30 million visits- had injury as the primary diagnosis 

U.S. DHHS, 2012). However, the data for Arizona shows that in 2010, 20%- roughly 419,001 

visits- were due to unintentional injuries (AZDHS, 2010). Despite this slight disparity, the 

distribution of those injuries by mechanism is similar. For example, the leading causes of E.R. 
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visits secondary to injury in decreasing order of prevalence for the U.S. in 2010 were falls 

(7.8%), struck against an object or person (3.5%), motor vehicle traffic (3.1%), cutting 

instruments (1.9%), and natural and environmental factors (1.5%) (U.S. DHHS, 2012). From 

2008-2010, falls, being struck by a person or object, and motor vehicle transportation accounted 

for 14% of all E.R. visits in the U.S. (U.S. DHHS, 2012). The distribution for AZ in 2010 was 

largely similar to the national averages except that “overexertion” constituted the 4
th

 leading 

cause of E.R. visits as opposed to “cutting instruments” (AZDHS, 2010).  

Yet, the percentage distribution for these injuries doesn’t sufficiently quantify the 

prevalence and risk for unintentional injury in Arizona with respect to motor vehicle traffic. For 

example, crash data collected by the Arizona Department of Transportation for 2012 reveals that 

there were a total of 103,637 crashes in 2012. These crashes either involved a motor vehicle 

(96.42%), pedal cycle (2.06%), or pedestrian (1.52%). Of the total crashes, 738 (0.71%) were 

fatal, 33,475 (32.30%) resulted in injuries, and 69,424 (66.99%) involved property damage only. 

To put this data into perspective, for 2012, transportation-related causes accounted for 2.25 

persons being killed each day and 136.61 persons being injured per day (ADOT, 2012). From a 

historical standpoint, total crashes in Arizona have declined since 2008. The number of fatal 

crashes has declined since 2008; however, there was a spike between 2010-2011 followed by a 

decline in 2012. Injury crashes have declined since 2008, but the numbers have remained 

relatively constant since 2009 (ADOT, 2012).  

These transportation-related fatalities and injuries display predictable trends over time in 

terms of victims’ gender, victims’ age, geographic location, time of day, and time of year.  
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GENDER 

For Arizona in 2012, of the total motor vehicle crash fatalities, 72% involved men and 

the remaining 28% involved women. This heightened risk among men is a trend that has 

persisted throughout the past decade (ADOT, 2012). This gender disparity parallels the national 

gender disparity for transportation-related crude death rates. For example, from 2004-2010 the 

transportation-related crude death rate for men relative to women in the U.S. was 20.87 to 8.41, 

respectively (CDC WISQARS, 2012). Despite this, over the past decade in Arizona, the number 

of transportation-related nonfatal injuries for men has been consistently less than the injuries for 

women, albeit slightly (ADOT, 2012). In conjunction with this, for the U.S. as a whole from 

2002 to 2012, the total number of transportation-related injuries for men did not differ greatly 

from the total injuries sustained by women. The injuries for men totaled to 24,716,804 while the 

injuries for women totaled to 22,784,164 (CDC WISQARS, 2012). Thus, the data supports the 

conclusion that men are more prone to death than women due to transportation-related injuries, 

yet the risk for nonfatal injury is similar between men and women.   

AGE 

 The data for Arizona and the U.S. as a whole (see figures 2, 3, 4, and 6) suggest that the 

20-44-aged group is at the greatest risk for transportation-related injury and death. This is 

expected as this age bracket defines the highest percentage of total drivers relative to the other 

age brackets. Although, it is important to note that in terms of pedestrian injuries due to 

transportation-related causes, the 45-54 aged group and the 15-19 aged group constitute 

relatively high frequencies of injury (ADOT, 2013).  
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Figure 2. Victims of Motor Vehicle Crashes by Age and other factors, 2012 

                   (ADOT, 2013) 

Figure 3. Pedestrians Killed and Injured by Age and Gender, 2012 

 

                (ADOT, 2013) 
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Figure 4. U.S. Transportation-Related Unintentional Nonfatal Injury, 2002-2012 

Age Group  Number of Injuries  Crude Injury Rate (per 

100,000) 

0-9 3,621,563 825.89 

10-19 9,521,175 2,034.77 

20-29 11,116,048 2,436.84 

30-44 11,098,572 1,613.52 

45-59 7,744,594 1,145.29 

60+ 4,395,576 752.51 

                 (CDC WISQARS, 2013) 

GEOGRAPHIC LOCATION 

 Of the total motor vehicle crashes in Arizona in 2012, 83,543 (80.61%) occurred in urban 

areas while 20,094 (19.39%) occurred in rural areas (ADOT, 2012). Thus, there are roughly 4 

times as many injury crashes in urban areas compared to rural areas per year. Interestingly 

enough, in 2012, 1.8% of the total rural crashes were fatal while only 0.45% of urban crashes 

were fatal. In addition, of the crashes that were nonfatal, 13.13% of rural crashes resulted in 

incapacitating injuries compared to only 7.96% in urban areas. To summarize these findings, 

rural crashes in Arizona constitute nearly 20% of the total crashes but they account for 50% of 

all fatal crashes. These distributions have been relatively unchanged over the past four years (See 

Figure 5) (ADOT, 2013). Thus, the injury severity disparity between rural vs. urban areas 

suggests that rural areas have a heightened need for increased prevention measures via education, 

enforcement, and/or engineering changes.  
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Figure 5. Traffic Fatalities by Geographic Region, Arizona, 2008-2012 

 

      (ADOT, 2013) 

 

TIME OF DAY   

 The ADOT data reveal that crashes in Arizona occur most often during the daylight 

hours. For 2012, crashes that occurred during daylight hours (6 AM to 6 PM) accounted for 

72.5% of all crashes. This trend is reflected in Figure 6, which displays the distribution of 

crashes by the type of lighting conditions for 2012. This heightened frequency of crashes during 

daylight hours has been a stable trend over the past decade (ADOT, 2013).  
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Figure 6. Total Crashes (car, bicycle, motorcycle) vs. Lighting Conditions, Arizona, 2012 

 

                (ADOT, 2013)  

 

TIME OF YEAR 

 There are specific holidays throughout the year during which individuals are at 

heightened risk for being involved in motor vehicle crashes. Often times these holidays coincide 

with increased alcohol use due to attendance at holiday parties, events, and activities. It is at 

these times of the year that police enforcement is typically increased in order to promote safety 

and prevent the potential for injury. For Arizona, the holidays that coincide with heightened risk 

for fatal crashes include New Yea’s Day, Memorial Day, July 4
th

, Labor Day, Thanksgiving, and 

Christmas Day. The distribution of fatal crashes versus holiday for the past five years in Arizona 

is displayed in Figure 7. An important distinction to make in terms of this data is that holidays 

such as Memorial Day, Labor Day, and Thanksgiving are regarded as three or four-day weekend 

holidays for statistical purposes.  In addition, holidays such as Christmas (5 days), New Year’s 

Day (4 days), and the Fourth of July (2 days) constitute different time ranges. This is an 

important distinction in terms of fatality rate because the Fourth of July only corresponds to two 

days; however, there was an average of 9.6 fatalities during this time period over the past five 

years (See Figure 7). This fatality rate is comparable to the averages over the past five years for 
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New Year’s Day, Labor Day, and Thanksgiving at 9.6, 10, and 10 respectively. Thus, if one 

particular holiday could be pinpointed as the deadliest crash period for Arizona, it would likely 

be the Fourth of July.  

Figure 7. Fatal Crashes by Year versus Holiday, Arizona, 2008-2012 

 

                 (ADOT, 2013) 

 

Pedal-Cycle Epidemiology: AZ and Pima County 

 In the United States and Arizona alike, the magnitude of injuries related to pedal-cycle 

crashes is mild compared to the prevalence of deaths and ER visits due to other forms of 

unintentional injuries. For example, 1.8% of all nonfatal unintentional injuries in the U.S. in 

2012 were related to pedal-cycles (CDC WISQARS, 2012). Similarly, 1.8% of E.R. visits in AZ 

in 2012 were due to pedal-cycles. Furthermore, of the 103,637 total crashes documented by the 

Arizona Department of Transportation in 2012, 2,134 (2.06%) were constituted as pedal-cycle 

crashes. Of these pedal-cycle crashes it was found that 18 were fatal crashes (0.84%), 1,739 were 

injury crashes (81.49%), and 377 crashes resulted in property damage only (17.67%) (ADOT, 

2013).  

Of the total visits related to pedal-cycle accidents in 2012, Maricopa county accounted 

for 61.31% of the visits while Pima County accounted for 14.7% (AZDHS, 2012). This disparity 

is logical as Maricopa’s population exceeds that of Pima’s. In addition, the fact that the Maricopa 
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and Pima counties constitute the overwhelming majority of pedal-cycle injuries is expected, as 

these two counties are the two most densely populated urban areas in the state.  

 Although the issue of pedal-cycle injuries appears miniscule in comparison to the 

magnitude of other injuries throughout the state, a closer examination of the distribution of these 

injuries in relation to factors such as age, gender, time of day, substance use, protective 

equipment, and injury severity reveals an element of predictability. Furthermore, this idea that 

pedal-cycle crashes can be predicted suggests that prevention measures can be successful if they 

are employed appropriately.  

 The following study incorporates findings from the secondary data originally collected by 

the Arizona Department of Transportation (ADOT) for motor vehicle crashes in the year 2012 as 

well as preceding years. In addition, secondary data was collected from the University of 

Arizona Medical Center’s trauma registry records regarding UMC E.R. visits related to pedal-

cycle injuries for the calendar years of 2012 and 2013. The UMC data is highly selective in that 

it only accounts for those E.R. visits that required trauma team activation. These patients 

necessitated trauma team services either due to the severity of their injuries or due to the method 

of injury (i.e. motor vehicle collision with bicycle). Thus, the trauma registry records represent a 

fraction of the total E.R. visits to the UMC and the surrounding hospitals for pedal-cycle injuries 

in 2012 and 2013. However, because the UMC is the only level one trauma center in Southern 

Arizona, the following data is a good representation of the landscape of traumatic pedal-cycle 

injury within Pima County. The data was organized to account for multiple factors relating to the 

context of pedal-cycle injuries in order to analyze potential trends, assess the current prevention 

strategies in place, and propose new intervention pathways.  
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 One of the measurements that will be used repeatedly in the following discussions is the 

Injury Severity Score (ISS). The ISS is a numerical method for grading and comparing injuries 

by severity. There are 6 body regions defined in the overall score and each region receives an 

individual score depending on the degree of trauma inflicted. In order to calculate the ISS, each 

body region is given an Abbreviated Injury Score (AIS). Then, the ISS is defined as the sum of 

the squares of the highest AIS grades in the three most severely injured body regions. The higher 

the ISS score, the more severe the injury (Pohlman, 2012).  

 

GENDER 

 

According to Figure 9, the data compiled by the ADOT for 2012 reveals that men are 

significantly more likely to become injured while riding a pedal-cycle than women. For example, 

out of the 1,755 documented injured, 1,324 were men (75.4%) compared to the 420 women 

(24.6%). In conjunction with this, of the 18 total documented fatalities, 16 were men while only 

two were women. According to the trauma registry of the University of Arizona Medical Center, 

of the 241 total E.R. visits at the UMC related to pedal-cycle injuries in 2012, 183 were male 

(75.9%) and 58 were female (24.1%). The most recent data for the 250 UMC E.R. visits for 2013 

reveals that 187 were male (74.8%) while 63 were female (25.2%). In both years, men sustained 

the more severe injuries as well. This data is representative of the trend that men are more prone 

to unintentional injury than woman in relation to pedal-cycle use (See figures 8, 9).  
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Figure 8. UMC E.R. Visits, Gender vs. Injury Severity (ISS Injury Score), 2012 

Sex ISS 1-8 ISS 9-15 ISS 16-24  25+    Death Total  

Male  120 39 20 4           2 185 

Female  41 15 2 0          0 58 

 

Figure 8. UMC E.R. Visits, Gender vs. Injury Severity (ISS Injury Score), 2013 

Sex           Death ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ Total  

Male     2 119 47 13 7 187 

Female  0 47 14 2 0 63 

                  (UMC Trauma Registry, 2013) 

 

AGE 

The initial suspicion of the age distribution for pedal-cycle injuries may be that the 

younger, less-experienced riders would be more prone to injury. Yet, the cross-tabulation of age 

with UMC E.R. visits (Figure 10) coupled with the data collected for Arizona as a whole through 

the ADOT (Figure 9) runs contrary to this inclination. During the two-year period from 2011-

2013, the majority of those visiting the UMC E.R. for injuries related to pedal-cycle use were 

individuals in the 30-59 aged group. The 2012 ADOT data displays a similar distribution for 

Arizona at large, as the highest prevalence of injuries is reflected in the age range from 20-54 

years.  
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Figure 9. ADOT Pedal Cycle Injuries, 2012 

 

      (Arizona Department of Transportation, 2013) 

 

Figure 10. UMC E.R. Visits by Age for 2012 and 2013: 

Age  2012 2013 

0-12 years  27 15 

13-19 years  33 33 

20-29 years  43 42 

30-59 years  101 120 

60+ years  37 40 

Total 241 250 

                                      (UMC Trauma Registry, 2013) 
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Figure 11. Age vs. Injury Severity Score (UMC E.R. Visits), 2012 

Age  Death  ISS 1-8  ISS 9-15 ISS 16-24 ISS 25+  

0-12 

years  

0 17 7 3 0 

13-19 

years  

0 29 1 3 0 

20-29 

years  

0 31 9 3 0 

30-59 

years  

1 68 26 5 2 

60+ 

years  

1 16 11 8 2 

Total 2 161 54 22 4 

 

 

 

 

 

 

Figure 12. Age vs. Injury Severity Score (UMC E.R. Visits), 2013 

Age              Death ISS 1-8  ISS 9-15 ISS 16-24 ISS 25+ 

0-12 

years   

0 11 3 1 0 

13-19 

years   

0 24 6 1 2 

20-29 

years  

0 34 6 2 0 

30-59 

years      

1 75 35 7 2 

60+ 

years  

1 22 11 4 3 

Total      2 166 61 15 7 

        (UMC Trauma Registry, 2013) 
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TIME OF DAY 

 The data for Arizona as a whole indicates that most pedalcycle injuries and fatalities 

occur during the daylight hours. This is a trend that has remained stable for the past decade 

(ADOT, 2013).  

Figure 13. Lighting Conditions vs. Pedalcyclist Crashes, 2012: 

 
          (ADOT, 2013) 

 

ALCOHOL USE (UMC E.R. Visits)  

 The E.R. visit data for 2012 and 2013 reveal that alcohol use is not significantly 

correlated with an increased risk for severe injury. In fact, it was found that the majority of 

injuries were sustained by patients who did not have alcohol in their systems (See figures 14 and 

15). Out of the two patients who expired as a result of pedal cycle injuries in 2013, one had an 

alcohol level of 0 while the other had an alcohol level of 150+. The patient who expired in 2012 

had an alcohol level of 0 (UMC Trauma Registry, 2013).  
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Figure 14. Alcohol Use vs. Injury Severity (ISS Injury Score), 2012 

Alcohol Level  ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ 

0 60 26 13 4 

1-79 1 0 0 0 

80-150 3 0 1 0 

150+ 15 3 1 0 

Clinical 

Suspicion/Patient 

Reported Use  

3 2 0 0 

Total  82 31 15 4 

 *Remaining patients in registry were not tested for alcohol level due to lack of suspicion for use                   

                                                                                                          (UMC Trauma Registry, 2013) 

 

Figure 15. Alcohol Use vs. Injury Severity (ISS Injury Score), 2013 

Alcohol Level  ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ 

0 77 32 10 4 

1-79 2 2 1 0 

80-150 2 1 1 0 

150+ 13 4 1 2 

Clinical 

Suspicion/Patient 

Reported Use 

4 0 0 0 

Total  98 39 13 6 

*Remaining patients in registry were not tested for alcohol level due to lack of suspicion for use                   

                    (UMC Trauma Registry, 2013) 

 

USE OF PROTECTIVE EQUIPMENT (UMC E.R. Visits) 

 The cross-tabulation of injury severity with use of protective equipment revealed strong 

contrasts in terms of injury outcomes. The majority of patients who sustained injuries during 
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both years were not wearing any protective equipment prior to their crashes. In addition, 91% of 

the patients who sustained severe injuries (ISS 25+) were not wearing any protective equipment 

at the time of crashing (see Figures 16 and 17). For those patients who expired as a result of their 

injuries, all of them had no protective equipment on at the time of their crashes (UMC Trauma 

Registry, 2013). In terms of E.R. services utilized as a result of injuries, the majority of patients 

in both years were ultimately sent home without services and a smaller majority were admitted to 

the hospital. There was a discrepancy in services utilized between 2012 and 2013. For example, 

five more patients necessitated ICU services in 2012 compared to 2013. However, twice as many 

patients required the observation unit and operating room services in 2013 compared to 2012 

(See Figures 18 and 19).  

  

Figure 16. Use of Protective Equipment (with and without) vs. Injury Severity, 2012 

Protective 

Equipment  

ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ Total  

Helmet  68 17 15 0 100 

None  92 35 6 4 137 

No helmet but 

other PPE 

0 0 0 0 0 

ND 1 2 1 0 4 

Total  161 54 22 4 241 

                  (UMC Trauma Registry, 2013) 
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Figure 17. Use of Protective Equipment (with and without) vs. Injury Severity, 2013 

Protective 

Equipment  

ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ Total  

Helmet  62 29 7 1 92 

None  101 29 8 5 132 

No helmet but 

other PPE 

0 0 0 0 0 

ND 3 3 0 1 6 

Total  166 61 15 7 250 

                 (UMC Trauma Registry, 2013) 

 

Figure 18. Use of Protective Equipment (with and without) vs. ED Disposition, 2012 

Protective 

Devices 

NA Floor Bed 

(general 

admission, 

non 

specialty 

unit bed) 

Home 

without 

services  

ICU Left 

AMA 

Observation 

Unit  

OR Telemetry/Stepdown 

Unit (less acuity 

than ICU) 

Total 

Helmet  1 29 56 4 0 4 4 2 100 

None  2 31 77 18 2 3 3 1 137 

No 

helmet 

but other 

PPE 

0 0 0 0 0 0 0 0 0 

ND 0 2 0 2 0 0 0 0 4 

Total  3 62 133 24 2 7 7 3 241 

          (UMC Trauma Registry, 2013) 
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Figure 19. Use of Protective Equipment vs. ED Disposition: 2013 

Protective 

Devices 

NA Died Floor Bed 

(general 

admission, 

non 

specialty 

unit bed) 

Home 

without 

services  

ICU Left 

AMA 

Observation 

Unit  

OR Other Telemetry/Stepdown 

Unit (less acuity than 

ICU) 

Total 

Helmet  1 0 28 45 4 0 14 7 0 0 99 

None  0 1 29 84 14 2 3 8 1 2 144 

No 

helmet 

but 

other 

PPE 

0 0 0 0 0 0 0 0 0 0 0 

ND 0 0 2 3 1 0 0 0 0 1 7 

Total 1 1 57 112 19 1 17 14 1 3 250 

               (UMC Trauma Registry, 2013) 

 

 

 

 

 

 

 

MOTOR VEHICLE INVOLVEMENT  

 The data for UMC E.R. visits for both years reveal that the majority of patients sustained 

injuries without motor vehicle involvement. Furthermore, there was no correlation between 

motor vehicle involvement and higher injury severity scores. For both years, more severe injuries 

were sustained without motor vehicle involvement (See Figures 20 and 21).  
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Figure 20. Injury Severity Score vs. MV Involvement (UMC E.R. Visits), 2012 

 Death  ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ Total  

Bike 

crash 

w/ 

motor 

vehicle  

1 80 17 9 2 108 

Bike 

crash 

w/o 

motor 

vehicle 

1 81 37 13 2 133 

Total  2 161 54 22 4 241 

                  (UMC Trauma Registry, 2013) 

 

Figure 21. Injury Severity Score vs. MV Involvement (UMC E.R. Visits), 2013 

 Death  ISS 1-8 ISS 9-15 ISS 16-24 ISS 25+ Total  

Bike 

crash 

w/ 

motor 

vehicle  

1 89 21 8 3 121 

Bike 

crash 

w/o 

motor 

vehicle  

1 77 40 7 4 129 

Total  2 166 61 15 7 250 

                      (UMC Trauma Registry, 2013)  

 

 

 



 24 

Discussion 

 This data review suggests that traumatic pedal cycle injury is not a random, unpredictable 

phenomenon in the Pima County region. There is substantial evidence for the identification of 

several risk factors underlying the frequency and severity of traumatic pedal cycle injuries. For 

example, gender comparisons reveal that men are far more prone to injury than women.  And 

when they do become injured, men are more likely to sustain the more severe injuries (See 

Figures 8 and 9). The use of protective equipment was found to be a strong modifying factor for 

predicting injury severity outcomes as well. For example, for both 2012 and 2013, 57% of 

patients necessitating trauma services for pedal cycle injuries were not wearing any protective 

equipment prior to sustaining their injuries. For both years, approximately 75% of patients who 

required ICU services to treat their injuries were not wearing any protective equipment prior to 

sustaining their injuries (See Figures 16,17,18,19)  

The data comparing age to injury prevalence reveal that injuries are more prevalent 

amongst riders in the 30-59-aged group (See Figures 9 and 10). This is an interesting finding, 

which suggests that increased age may be correlated with decreased cautionary measures. This 

assumption is paralleled by the fact that there are few, if any, laws necessitating that pedal-cycle 

riders use protective equipment once they exceed the age of 18. For example, the current 

mandatory bicycle helmet law in Arizona only applies to riders under the age of 18 (AZ GOHS, 

2013). In addition, not only are injuries occurring more frequently amongst riders over age 18, 

older riders are also suffering from more serious life-threatening injures related to pedal-cycle 

use (See Figures 11 and 12). However, the assumption that older riders are at greater risk for 

injury is flawed in that it fails to take into account the relative numbers of riders within each age 

group. In other words, one could reasonably predict that the age group with the highest number 
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of overall riders also constitutes the age group with the most E.R. visits secondary to pedal-cycle 

injury. This is one of the gaps in knowledge when assessing pedal cycle injury, as there is no 

definitive count of the number of pedal cycle riders per age group. For example, the Pima 

County Association of Governments Regional Transportation Authority is responsible for 

assessing ridership on a yearly basis. After an interview with Gabriel Thum, Alt. Modes and 

RSA Program Lead for the PAG, the following information was gathered concerning rider 

counts. The program assembles counters stationed at locations throughout Pima County on a 

specified weekday and weekend in the fall. The counters are responsible for observing bicycle 

riders during a morning shift (7AM-10AM) and evening shift (4PM-6PM). During their shifts, 

the counters record an estimate of the riders’ ages, gender, and use of protective equipment. 

Based on their data, it was found that the majority of riders are over the age of 18 and under the 

age of 65. However, there are limitations to this data. Firstly, the observation methods are aimed 

at capturing the “commuter” bike riders due to the specified observation time ranges. This limits 

the sample size and may also lead to a rider being counted twice. Secondly, the assessments of 

age and gender are largely subjective as they are based on each of the counters’ visual 

perceptions. 

There were some surprising findings in comparing pedal cycle injury to alcohol use, 

motor vehicle involvement, and lighting conditions. For example, for 2012, only 9% of pedal 

cycle injuries treated by the UMC trauma team were related to alcohol use and in 2013, only 8% 

of injuries were related to alcohol use (See Figures 14 and 15). The data for Arizona as a whole 

in 2012 reveals that alcohol-related crashes accounted for 5.25% of the total number of crashes 

via cars, motorcycles, and pedal cycles taken together (ADOT, 2012). Thus, it would seem that 

alcohol use doesn’t play a major role in predicting injury risk while riding a pedal cycle. 
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Similarly, motor vehicle involvement doesn’t seem to be a strong contributing factor for pedal 

cycle traumatic injury. Based on the UMC data for 2012 and 2013, individuals are almost 

equally likely to sustain traumatic injuries without motor vehicle involvement (54%) as they are 

to sustain injuries with a motor vehicle involved (46%) (See Figures 20 and 21). Furthermore, 

the majority of ISS 9-15+ injuries were sustained without motor vehicle involvement (See 

Figures 20 and 21). In comparing injury prevalence to lighting condition for Arizona as a whole, 

there is a dominant trend that has persisted for the past decade. The data show that the 

overwhelming majority of injuries occur during daylight hours. This could be due to the idea that 

the majority of riders are using their bicycles to commute to and from work and school. In 

conjunction with this, it may be that there are simply less riders on the road when lighting 

conditions are dark.  

Based on the collected data it is reasonable to conclude that individuals who are male, 30-

59 years of age, aren’t wearing any protective equipment, and are riding during the day are at 

increased risk for traumatic injury while riding a pedal cycle in Pima County.  

 

Intervention Pathways: The “Five E’s” and the Haddon Matrix 

 Foundational studies conducted on injury prevention have found that the effort to prevent 

any injury involves a stepwise process, which integrates various spheres of influence in order to 

enact positive change. More than two decades ago, Daniel Judkins developed a conceptual model 

for selecting injury control strategies. His work was centered on the idea of applying the “5 E’s” 

of the injury prevention process to help outline research projects and provide a framework for 

executing intervention programs. The “5 E’s” include epidemiology, education, enforcement, 

engineering, and evaluation, which are arranged in a pyramidal hierarchy (see Figure 23). The 
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pyramid echoes the prevailing consensus among injury epidemiologists, which indicates that the 

first step in program planning is to identify the problem to be addressed using appropriate data 

collected from the community to assess need (Runyan, 1998). In other words, we must know the 

“who”, “what”, “where”, and “when” (Judkins, 1993) of a problem before we can hope to 

identify appropriate prevention strategies to address the problem.  

Once the epidemiology is sufficient, the next step is to decide how to implement 

intervention programs within each level of influence. The philosophy behind Judkins’ model is 

that education measures usually receive the most attention and energy, but they are typically the 

least effective in terms of altering behavior or preventing injury. In contrast to this, the position 

of the engineering phase along the pyramidal hierarchy indicates that engineering is the most 

effective intervention, but it is the most difficult to implement. Judkins identifies cost measures 

and political persuasion as two contributing factors to the difficulty with implementing 

engineering changes within environments (Judkins, 1993). In regards to enforcement measures, 

Judkins separates this phase into two separate angles: social enforcement and legal enforcement. 

Social enforcement can be thought of as the overall consensus within society regarding what is 

accepted as reasonable behavior for the majority of a given population. Legal enforcement 

constitutes the limitations placed on behaviors via the judicial system of a given area. It is 

important for program planners to assess the interplay between social and legal enforcement 

measures that is already in place within a community in order to design appropriate and effective 

intervention programs.  

 Preceding the work of Judkins by more than two decades, William Haddon Jr. developed 

his conceptual model for outlining intervention pathways to address public health injury 

problems: the Haddon Matrix (Haddon, 1970). Remarkably, this model has stood the test of time 

in the injury prevention literature. The relevance of the Haddon matrix today is likely due to its 
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strong correlation to some of the core principles of public health practice. For example, the 

original Haddon matrix consisted of three rows and four columns corresponding to primary, 

secondary, and tertiary prevention as well as the host-agent-environment epidemiologic triangle 

concept, respectively (Runyan, 1998). This was applied to the problem of pedal-cycle injury in 

Pima County by incorporating intervention pathways that are already in place in addition to 

providing some new suggestions (See Figure 22).       

    

Figure 22. Haddon matrix applied to the problem of pedal cycle injury in Pima County 

 

 Person (Host) Agent Vehicle Physical 

Environment 

Social 

Environment 

Pre-Event 

(before rider 

crashes) 

-Educate riders 

on proper riding 

protocol via 

safety classes, 

which will 

include free 

safety devices 

and bike maps 

with 

participation 

 

-Ensure that 

bikes are 

manufactured 

with proper 

breaking systems  

- Construct 

bicycle 

boulevards that 

separate motor 

vehicle traffic 

from bike traffic  

-Modern Street 

Car limits traffic 

congestion  

-PELICAN 

Traffic Signals  

-Fill potholes and 

cracks on roads 

-Have 

enforcement 

officials 

monitoring 

proper use of 

bike boulevards 

and pedestrian 

walkways 

-Pass law 

mandating 

helmet use when 

riding  

Event (when 

rider crashes) 

-Teach riders 

how to protect 

their head when 

falling 

-Constructing 

bicycles that 

have stable 

centers of gravity  

-Have one-touch 

emergency call 

centers in place 

-Fund paramedic 

programs and 

EMT services to 

provide enough 

personnel and 

equipment to 

ensure rapid 

response  

Post-Event (after 

rider crashes) 

-Diversion 

classes for riders 

who receive 

traffic citations 

-Teach riders 

first aid skill 

 

-University 

campus tents 

providing free 

maintenance for 

defective 

bicycles 

-Make bike 

boulevards 

readily 

accessible to 

ambulances  

-Ensure access to 

emergency 

centers (e.g. 

urgent care, E.R., 

trauma center)  
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Figure 23. The 5 E’s of Injury Prevention, 1993 
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Conclusion  

ENGINEERING 

The finding that motor vehicle involvement doesn’t necessarily increase the risk for pedal 

cycle injury (See Figures 20 and 21) suggests that there are engineering elements in place 

throughout Pima County that have been successful in preventing collisions between motor 

vehicles and pedal cycle riders. For example, there are strategically placed bicycle boulevards 

dispersed throughout Tucson. These boulevards are specifically designed to prevent the clash 

between bicycle riders and motor vehicles by providing low-volume, low-speed streets. They are 

optimized for bicycle travel through traffic calming, traffic reduction, signage markings, 

pavement markings, and intersection crossing treatments (City of Tucson, 2013). Despite the 

success of some current boulevards (e.g., 3
rd

 Street/University Boulevard), there is certainly a 

need for additional boulevards.  The 2009 Regional Plan for Bicycling in Tucson identified 170 

miles of Bicycle Boulevards along 40 separate corridors for implementation over the next couple 

decades. The Pima Association of Governments recently produced the 2040 Regional 

Transportation Plan, which was approved by the City of Tucson in 2010 as a long-term planning 

document to establish a network of Bicycle Boulevards in Tucson (City of Tucson, 2013). The 

ongoing implementation of these boulevards runs parallel to the current integration of the 

Modern Street Car as an alternative means of transportation. It is likely that this new form of 

transportation will decrease motor vehicle congestion in and around the University of Arizona 

campus, which is an area of relatively high bicycle use.  

Services provided by organizations such as STRAVA will be important GIS tools to 

assist the strategic implementation of boulevards and alternative forms of transportation in the 

coming years. For example, STRAVA Labs provides global heat maps based on GPS input from 
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individual riders who are recording their bike runs. In turn, this displays the congestion of certain 

routes relative to others in a given landscape. A screenshot of the Pima County heat map created 

by STRAVA Labs can be seen in Figure 24.  

 

Figure 24. Heatmap for Pima County Bicycle Rides (secondary data obtained from 

STRAVA Labs, 2014) 
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ENFORCEMENT 

 The enforcement of pedal cycle usage policies is an area that has the potential to make a 

large impact in preventing traumatic injury in Pima County. For example, the data review 

indicated that the use of protective equipment while riding a bicycle was a strong modifying 

factor for predicting injury severity in that those riders who were not using protective equipment 

were at increased risk for sustaining traumatic injuries (See Figures 16-19). However, currently 

there is no law in Pima County that mandates riders wear helmets once they exceed the age of 18 

(AZ GOHS, 20130. Unfortunately, the rider count data coupled with the injury data suggests that 

the majority of bicycle riders are over the age of 18 and these are the riders who are most 

frequently seen at the UMC ED for treatment of traumatic injuries. Therefore, it appears that 

injury outcomes would likely improve if civil laws mandated helmet use for riders of all ages. 

However, a law such as this would only be as effective as its corresponding enforcement. Due to 

the high volume of riders and limited number of law enforcement officials, it would be difficult 

to police such a law from both a practical and a financial sustainability standpoint. Despite this, 

there are some effective enforcement measures in place in areas of high bicycle congestion such 

as the UA campus. For example, the first Speedway underpass located west of Campbell was 

recently narrowed to accommodate the placement of the Modern Street Car tracks. As a result, 

this underpass has been designated as a “Pedestrian Only” underpass such that bike riders must 

walk their bikes when using the pathway. To enforce this recent change, the UA has assigned its 

transportation services to periodically monitor the underpass and cite bike riders who are not 

walking their bikes within this pathway.  
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EDUCATION 

 The Pima County Bicycle and Pedestrian Program is responsible for planning, 

engineering, and improving bicycle and pedestrian facilities throughout Pima County. The City 

of Tucson website possesses an informative Bicycle and Pedestrian Program webpage that 

provides several educational resources regarding bicycle safety practices. The website provides 

downloadable bike maps for multiple locations including Tucson Metropolitan, UA campus, and 

individual neighborhoods. In addition, there are maps for the Sun Tran and Modern Street Car 

routes. Any individual with access to a computer can easily download these tools, however, it as 

equally important to make these resources available in hard copy to the general public. Hard 

copies of these resources could be placed at all bus stops throughout the city for a small cost. In 

terms of individual instruction, Pima County sponsors numerous bike safety classes that target 

specific age groups. The classes are run by L.A.B. League cycling instructors and free bike 

safety items are often given to the class participants (City of Tucson, 2013). These classes are 

important resources for instructing riders on proper hand signals and safety protocol when riding 

in congested areas in close proximity to motor vehicles. As indicated in the Haddon matrix (See 

figure 22), a key intervention in this phase of the injury prevention paradigm would be to require 

both injured bicycle riders and those who receive traffic citations while riding a bicycle to attend 

Diversion bicycle safety classes. In addition, it would be beneficial to provide safety tips 

available in a readable brochure format that could be distributed along with the bike maps at all 

bus stops throughout Tucson.  

As it stands today, Pima County constitutes a large, densely populated geographical area. 

And as the UMC is the sole level one trauma center responsible for serving all of Southern 

Arizona, injury prevention measures should be of heightened importance. This report 
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investigates the nature of traumatic bicycle injuries in Pima County and the protective factors 

that are in place to prevent these injuries.  

The data review constitutes the epidemiology level of Judkins’ “Five E’s” and is the 

supporting evidence required to initiate intervention programs on the education, enforcement, 

and engineering levels.  Based on this report, there are several strategies that can be employed on 

each level that will likely protect against future bicycle trauma. On the education level, bicycle 

safety educational resources should continue to be readily accessible for all demographics. 

Primarily, students at the University of Arizona and Pima Community College campuses should 

be targeted with an emphasis placed on male bicycle riders. A beneficial intervention would 

involve distributing Tucson bike maps and safety tip brochures at strategic public locations on 

campus and other areas such as 4
th

 Avenue, Downtown, and all Modern Street Car stations. The 

value of protective equipment usage should be strongly encouraged in these brochures. On the 

enforcement level, surveillance and monitoring by local law enforcement should be improved at 

highly congested areas on campus and in surrounding areas such as 4
th

 Avenue, Downtown, and 

the Modern Street Car stations. The UA Parking and Transportation Services will continue to be 

a valuable resource to assist law enforcement in this effort. In addition, paramedics must 

continue to be alert and responsive especially in highly congested areas. On the engineering 

level, the proposed 2040 Regional Transportation Plan should continue to stay on schedule in 

constructing more Bicycle Boulevards throughout Tucson and improving general roadway 

conditions. The integration of alternative modes of transportation with the continued construction 

of Bicycle Boulevards will be vital engineering components going forward. The combination of 

these varied practices should continue to supplant Pima County as a “bicycle-friendly” 

community and support the numerous benefits that alternative transportation can bring. 
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