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Abstract
Background
Head injuries are the most common cause of death in some motorized vehicles for which helmet use can significantly decrease the risk. Our objective was to determine rural adolescents’ attitudes regarding helmets and their use while riding ATVs, motorcycles and dirt bikes.

Methods
A convenience sample of 2022 Iowa FFA (formerly Future Farmers of America) Leadership Conference attendees were surveyed. After compilation, data were imported into the statistical program, R (https://​www.​R-project.​org/​). Descriptive statistics, contingency table, logistic regression and non-parametric alternatives to ANOVA analyses were performed.

Results
1331 adolescents (13–18 years) participated. One half lived on a farm, 21% lived in the country/not on a farm and 28% were from towns. Nearly two-thirds (65%) owned an ATV with 77% of all having ridden one in the past year. Farm residents had the highest ATV ownership (78%) and having ridden (80%) proportions, both p < 0.001. Overall, ownership and ridership for motorcycles (22% and 30%, respectively) and dirt bikes (29% and 39%, respectively) was significantly less than ATVs, all p < 0.001. Of ATV riders, those living on farms or in the country/not on a farm rode them more frequently than those from towns, p < 0.001. Higher percentages always/mostly wore helmets when riding dirt bikes (51%) and motorcycles (57%) relative to ATVs (21%), p < 0.001. Those from farms had lower proportions wearing helmets versus those living elsewhere for all vehicles. Helmet use importance ratings (1–10, 10 high) were not different for motorcycles (mean 8.6, median 10) and dirt bikes (mean 8.3, median 10), but much lower for ATVs (mean 6.1, median 6). Females, non-owners, and helmet law supporters all had higher helmet use importance ratings. Males, those from farms, and owners and riders of the vehicles all had lower proportions that supported helmet laws. Support for helmet laws was significantly lower for ATVs (30.7%) than dirt bikes (56.3%) or motorcycles (72.3%), both p < 0.001. Those whose families had strict ATV “No Helmet, No Riding” rules had much higher helmet use and helmet importance ratings.

Conclusions
Our study indicates that the safety culture surrounding helmet use is relatively poor among rural adolescents, especially on farms, and deserves targeted interventions.
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Abbreviations
	ATV
	All-terrain vehicle

	DOT
	Department of Transportation

	ED
	Emergency department

	e.g.
	Exempli gratia (for example)

	FFA
	Formerly Future Farmers of America

	ICU
	Intensive care unit

	NHTSA
	National Highway Traffic Safety Administration

	NOPUS
	National Occupant Protection Use Survey

	SFCH
	Stead Family Children’s Hospital

	U.S.
	United States
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Background
All-terrain vehicles (ATVs), dirt bikes and motorcycles are all significant threats for morbidity and mortality in pediatric populations. These motorized vehicles pose particular risks to riders because of their speed and acceleration capabilities, their relative instability, their lack of external protection and seat belts, and their propensity for riders to be thrown in a crash. Data from the National Electronic Injury Surveillance System reveal ATV-related incidents are responsible for an estimated 95,000 emergency department (ED) visits per year with over a third (37%) of those injured being < 18 years old (Zhang 2022; Wiener et al. 2022). In fact, more children under 16 years of age in the U.S. die in ATV-related incidents than from bicycle crashes (Helmkamp et al. 2009). In addition, an estimated 23,800 youth ≤ 19 years are treated in EDs with dirt bike-related injuries per year with 7.5% of these requiring hospitalization  (Centers for Disease Control and Prevention (CDC) 2006). Moreover, more than 6,000 U.S. motorcyclists died in 2021 (Institute and for Highway Safety ((IIHS), Highway Loss Data Institute (HLDI). 2023), and motorcyclists have 6 times the fatality rate of passenger car occupants involved in crashes (Blincoe et al. 2010). While the total number of motor vehicle fatalities has decreased, motorcycle crash deaths are now nearly 3 times greater than in 1997 (Institute and for Highway Safety ((IIHS), Highway Loss Data Institute (HLDI). 2023; Blincoe et al. 2010).
Crashes in these three motorized vehicles often result in traumatic head injuries (Larson and McIntosh 2012; Denning et al. 2013a, 2013b, 2014; Denning and Jennissen 2018; Ganga et al. 2023). Adolescents in ATV crashes are more likely to be primarily ejected or in collisions that lead to being thrown or falling from the vehicle than other ATV riders (Denning et al. 2014; Unni et al. 2012). For those injured on ATVs, 16–44% have injuries to the head, neck and face region (Bhutta et al. 2004; Mangano et al. 2006; Collins et al. 2007; Kirkpatrick et al. 2007; Shults et al. 2013). In one study, nearly half of the dirt bike motocross riders suffered at least one episode of concussive symptoms over a 4 month racing season, for which three-quarters required medical treatment (McIntosh and Christophersen 2018). Youth with head trauma, including intracranial hemorrhage, brain contusions and concussions, more often require hospitalization and rehabilitation treatment than children with no neurologic injuries (Bhutta et al. 2004; Mangano et al. 2006; Humphries et al. 2006; Nabaweesi et al. 2018). Moreover, head injuries are the most frequent cause of death in crashes involving ATVs, dirt bikes and motorcycles (Denning et al. 2013a, 2013b, 2014; Bhutta et al. 2004; Mangano et al. 2006; Collins et al. 2007; Kirkpatrick et al. 2007; Shults et al. 2013; Humphries et al. 2006; Barron et al. 2021; Testerman et al. 2018; Helmkamp et al. 2008; Denning and Jennissen 2016; Keenan and Bratton 2004; Miller et al. 2006; Shannon et al. 2018; Bowman and Aitken 2010; Linnaus et al. 2017; Kelleher et al. 2005; GAO 2010).
The use of helmets has been highly effective in preventing head injuries. In fact, for both ATVs and motorcycles, helmets may reduce fatal head injuries by ~ 40% and nonfatal brain injuries by 60% or more (Denning et al. 2013a, 2013b; Bowman et al. 2009; Merrigan et al. 2011; Rodgers 1990; Liu et al. 2008; Coben et al. 2007). Youth wearing helmets on ATVs had lower Injury Severity Scores and shorter hospital stays as compared to those unhelmeted (Gittelman et al. 2006; Holt et al. 2022; Brown et al. 2002). Likewise, ATV crash victims without a head injury had fewer hospital and intensive care unit (ICU) admissions and lower healthcare costs (Bowman et al. 2009; Merrigan et al. 2011; Brown et al. 2002; Carr et al. 2004; Myers et al. 2009). Motorcycle and dirt bike studies have found similar findings (Abdelgawad et al. 2013). Helmeted motorcycle crash victims have fewer injuries to the head and face, less hospital and ICU admissions, less need for mechanical ventilation, and lower mortality (Barron et al. 2021; Khor et al. 2017; Patel et al. 2019; Lawrence et al. 2009). The National Highway Traffic Safety Administration (NHTSA) estimates that for every 100 motorcycle riders killed in crashes without helmets, 37 could have been saved if all had worn a helmet (NHSTA 2021).
Despite the proven benefits of helmets, use among ATV crash victims is generally low (Levy et al. 2023; Denning and Jennissen 2018; Denning et al. 2014; Linnaus et al. 2017; GAO 2010; Holt et al. 2022; Ho et al. 2017). In several survey studies of youth, only 17–45% reported always or almost always wearing a helmet with the most frequent riders often reporting the lowest helmet use (Shults and West 2015; Hafner et al. 2010; Burgus et al. 2009; Jennissen et al. 2014). Dirt bike riders often have higher helmet use than those on ATVs suggesting a stronger safety culture regarding head protection (Nichols et al. 2022; Vittetoe et al. 2022). The National Occupant Protection Use Survey (NOPUS) conducted by NHTSA found that 67% of motorcycle riders wore a Department of Transportation (DOT)-approved helmet in 2022 (Boyle 2023).
Rural adolescents and those living on ranches and farms are a particularly at-risk ATV riding population (Gerberich et al. 2001; Goldcamp et al. 2006; Hendricks et al. 2001; Jennissen et al. 2022). Few published studies have investigated rural teenager’s use of and attitudes towards helmet use on ATVs, and there is even less data regarding their operation of dirt bikes and motorcycles. The objective of our study was to determine rural adolescents’ attitudes regarding helmets while riding ATVs, dirt bikes and motorcycles, the frequency of helmet use on these vehicles, their level of support regarding helmet laws, and how demographic factors may be associated.

Methods
Survey was conducted among a convenience sample of attendees at the 2022 Iowa FFA Leadership Conference (April 10–12, 2022). FFA, previously known as Future Farmers of America, is a national youth organization that focuses on agricultural education and leadership development. In 2023, there were 19,200 members across 260 Iowa FFA chapters (Iowa FFA Association 2024). Conference participants were recruited at the University of Iowa Stead Family Children’s Hospital (SFCH) safety booth to complete the survey either on paper or electronically via their cell phone onto a software platform (Qualtrics International, Inc, Provo, UT). Surveys were anonymous and completed independently. Written surveys were reviewed for completeness by the safety booth staff. As an incentive for completing the survey, participants were given the opportunity to play a Plinko game to obtain a small prize.
Survey
Members of the SFCH’s Off-Road Vehicle Task Force developed the survey through a collaborative and iterative process. To ensure validity, surveys were administered to twelve volunteers aged 13–20 years. Participants were encouraged to seek clarification on any unclear sections of the survey. A comparison of both written and verbal responses was conducted to ensure consistency, and final survey design was shaped by these findings.
Demographic variables included age (years), gender (male, female, non-binary, other), where they live (on a farm, in the country but not on a farm, in town) and race/ethnicity (White, Black/African American, Asian, Latino/Latinx, other). The survey included similar questions for sections on ATVs, dirt bikes and motorcycles. Photos of each vehicle were placed next to the name to assure that participants understood the vehicle to which they were being referred.
Survey questions included whether their family owned the vehicle, and the respondent’s frequency of riding the vehicle in the past year with response options: daily, weekly, monthly, just a few times a year or less, and haven’t ridden in the past year. Additionally, participants were queried about their helmet use when on the vehicle in the past year with the following responses: always, most of the time, sometimes, rarely, never, and haven’t ridden in the past year. The importance of helmet-wearing was measured on a scale of 1–10, with 1 being "not important at all" and 10 being "extremely important." For ATVs only, respondents were asked whether their parents had a strict “No helmet, No Riding” rule for them. Finally, participants expressed their opinion on whether they thought there should be a law requiring helmet use when riding each vehicle.

Data analysis
Electronic and written surveys were provided to the research team for analysis. All conference attendees were allowed to take the survey, but analysis was restricted to participants 13–18 years of age. Since the analysis was being done on an existing, anonymous dataset, the university’s institutional review board determined the study was exempt. Written surveys were entered into Qualtrics with the survey responses previously entered by cell phone. Data were aggregated and exported into the statistical software program, R (https://​www.​R-project.​org/​), for analysis.
Descriptive statistics (frequencies), contingency table (chi-square, Fisher’s exact test), and multivariable logistic regression analyses were performed. Sixteen respondents (1.2%) stated “non-binary” for gender and, because of the low number, were not included in comparative analyses. Due to limited diversity in the study population, the race/ethnicity variable was dichotomized into "non-Hispanic White" and "other," introducing significant heterogeneity within the latter group. This approach, however, facilitated the inclusion of the variable in the data analysis. Regarding helmet importance, comparison of the median was performed instead of the mean given the asymmetry of the data, and non-parametric tests, the Wilcoxon rank sum test or Kruskal–Wallis test depending on number of groups tested, was utilized. All p-values were two-tailed, and a value < 0.05 was considered statistically significant. Missing data were not included in analyses.


Results
1331 adolescent FFA members (12–18 years) participated in the study. See Table 1. Just over two-fifths were male and more than two-thirds were 15–17 years. One half lived on a farm, about one-fifth lived in the country but not on a farm and more than a quarter were from towns. The vast majority (96%) were non-Hispanic White.Table 1Demographic variables of survey respondents at the 2022 Iowa FFA Leadership Conference


	 	n (col %)a

	Group N
	1331

	Sex

	Male
	543 (41)

	Female
	770 (58)

	Nonbinary
	16 (1.2)

	Other
	0 (0)

	Age

	13 years
	66 (5)

	14 years
	171 (13)

	15 years
	337 (26)

	16 years
	300 (23)

	17 years
	272 (21)

	18 years
	166 (13)

	Residence

	Farm
	670 (50)

	Country/not farm
	285 (21)

	Town
	376 (28)

	Race

	Non-Hispanic White
	1320 (96)

	Black/African American
	17 (1)

	Asian
	8 (0.5)

	Latino/Latinx
	35 (3)

	Other
	13 (1)


aThe sum of n may not equal the total group N due to missing values



Ownership of ATVs, dirt bikes and motorcycles
ATV ownership by respondent families was significantly higher than that for dirt bikes or motorcycles. See Table 2. For all three vehicles, male respondents had higher proportions that reported owning them than females. Those that lived on a farm or in the country/not a farm as compared to those from towns and non-Hispanic Whites as compared to those of other races/ethnicities had higher percentages owning ATVs and dirt bikes. Farm residents had the highest ownership of ATVs. Logistic regression analysis controlling for the other variables in Table 2 (data not shown) indicated the odds of non-Hispanic White families owning ATVs was 4.0 times (95% CI 1.3–11.7) greater than that of other races/ethnicities. In addition, respondents from farms and the country/not a farm had 5.0 (95% CI 2.3–10.6) and 2.5 (95% CI 1.2–5.7) times higher odds, respectively, of owning ATVs versus town residents.Table 2Contingency table analyses regarding whether the families of 2022 Iowa FFA Leadership Conference survey respondents owned a motorcycle, ATV or dirt bike


	Contingency table analyses

	 	Motorcycle
	ATV
	Dirt bike

	Owned
	Did not own
	p value
	Owned
	Did not own
	p value
	Owned
	Did not own
	p value

	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a

	All
	291 (22)
	1029 (78)
	 	833 (65)
	445 (35)
	 	381 (29)
	930 (71)
	 
	Sex

	Male
	136 (25)
	403 (75)
	0.02
	368 (71)
	152 (29)
	 < 0.001
	183 (34)
	352 (66)
	 < 0.001

	Female
	150 (20)
	613 (80)
	456 (61)
	286 (39)
	192 (25)
	566 (75)

	Age

	16–18 yrs
	155 (21)
	575 (79)
	0.656
	472 (66)
	239 (34)
	0.361
	215 (30)
	512 (70)
	0.863

	13–15 yrs
	128 (22)
	443 (78)
	350 (64)
	199 (36)
	164 (29)
	402 (81)

	Residence

	Farm
	137 (21)
	526 (79)
	0.42
	500 (78)
	140 (22)
	 < 0.001
	210 (32)
	448 (68)
	 < 0.001

	Countryb
	69 (24)
	214 (76)
	182 (67)
	91 (33)
	99 (35)
	181 (65)

	Town
	85 (23)
	289 (77)
	151 (41)
	214 (59)
	72 (19)
	301 (81)

	Race

	NH White
	275 (22)
	971 (78)
	1.0
	813 (67)
	397 (33)
	 < 0.001
	369 (30)
	869 (70)
	0.024

	Otherc
	16 (22)
	57 (78)
	20 (30)
	47 (70)
	12 (17)
	60 (83)


ATV all-terrain vehicle, yrs years, NH White non-Hispanic White
aThe sum of n for a variable may not equal the total group N due to missing values
bRespondents who live in the country, but not on a farm
cRespondents who were races and ethnicities other than non-Hispanic White




Ridden an ATV, dirt bike and/or motorcycle in the past year
Around twice the proportion of participants reported riding an ATV in the past year as compared to dirt bikes and motorcycles. See Table 3. Similar to ownership, higher percentages of males had ridden each of the three vehicles as compared to females. Still, 70% of females had ridden an ATV in the past year. Greater percentages of participants from farms and from the country/not a farm had ridden an ATV and a dirt bike in the past year as compared to those that lived in towns. Non-Hispanic Whites also had higher proportions that had ridden an ATV in past year versus other races/ethnicities. Those whose families owned each of the vehicles had much higher proportions having ridden them in the past year as compared to non-owners. Logistic regression analysis demonstrated males had odds 2.3 (95% CI 1.1–4.9) times greater to have ridden a dirt bike as females (data not shown).Table 3Contingency table analyses regarding whether 2022 Iowa FFA Leadership Conference survey respondents had ridden a motorcycle, ATV or dirt bike in the past year


	Contingency table analyses

	 	Motorcycle
	ATV
	Dirt bike

	Ridden
	Never ridden
	p value
	Ridden
	Never ridden
	p value
	Ridden
	Never ridden
	p value

	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a

	All
	406 (31)
	896 (69)
	 	979 (77)
	293 (23)
	 	516 (40)
	778 (60)
	 
	Sex

	Male
	208 (38%)
	335 (62)
	 < 0.001
	427 (79)
	116 (21)
	 < 0.001
	265 (49%)
	278 (51)
	 < 0.001

	Female
	187 (24%)
	583 (76)
	539 (70)
	231 (30)
	242 (31%)
	528 (69)

	Age

	16–18 years
	220 (30)
	518 (70)
	0.541
	551 (75)
	187 (25)
	0.448
	271 (37)
	467 (63)
	0.091

	13–15 years
	181 (32)
	393 (68)
	417 (73)
	157 (27)
	238 (41)
	336 (59)

	Residence

	Farm
	183 (27)
	487 (73)
	0.037
	533 (80)
	137 (20)
	 < 0.001
	266 (40)
	404 (60)
	 < 0.001

	Countryb
	98 (34%)
	187 (66)
	218 (76)
	67 (24)
	132 (46)
	153 (54)

	Town
	125 (33%)
	251 (67)
	228 (61)
	148 (39)
	118 (31)
	258 (69)

	Race

	NH White
	384 (31)
	873 (69)
	1.0
	951 (76)
	306 (24)
	 < 0.001
	495 (39)
	762 (61)
	0.092

	Otherc
	22 (30)
	51 (70)
	28 (38)
	45 (62)
	21 (40)
	52 (60)

	Ownership

	Yes
	203 (70)
	88 (30)
	 < 0.001
	800 (96)
	33 (4)
	 < 0.001
	330 (87)
	51 (13)
	 < 0.001

	No
	202 (20)
	827 (80)
	179 (40)
	266 (60)
	186 (20)
	744 (80)


ATV all-terrain vehicle, yrs years, NH White non-Hispanic White
aThe sum of n for a variable may not equal the total group N due to missing values
bRespondents who live in the country, but not on a farm
cRespondents who were races and ethnicities other than non-Hispanic White




Frequency of riding ATVs, dirt bikes and motorcycles in the past year
Of participants that reported riding these vehicles in the past year, higher proportions of ATV riders rode at least weekly as compared to riders of dirt bikes and motorcycles. See Table 4. Males had higher proportions who rode dirt bikes and motorcycles at least weekly as compared to females, but similar percentages of male and female ATV riders rode at least weekly. Older teens as compared to younger teens and participants from farms and the country/not farms as compared to those from towns had higher proportions of riding ATVs at least weekly. Respondents whose families owned the vehicle had much higher percentages riding them at least weekly versus non-owners. Logistic regression analysis showed males had 2.9 (95% CI 1.3–6,1), 3.3 (95% CI 1.3–8.5) and 5.9 (95% CI 1.8–19.5) times higher odds of riding ATVs, dirt bikes and motorcycles, respectively, at least weekly as compared with females (data not shown). Participants from farms had 2.5 (95% CI 1.1–5.8) times greater odds of riding ATVs at least weekly versus those from towns.Table 4Contingency table analyses regarding the frequency 2022 Iowa FFA Leadership Conference survey respondents had ridden a motorcycle, ATV or dirt bike in the past year


	Contingency table analyses

	 	Motorcycle
	ATV
	Dirt bike

	Few times a year/monthly
	Weekly/daily
	p value
	Few times a year/monthly
	Weekly/daily
	p value
	Few times a year/monthly
	Weekly/daily
	p value

	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a

	All
	343 (84)
	63 (16)
	 	517 (51)
	500 (49)
	 	364 (71)
	152 (29)
	 
	Sex

	Male
	160 (77)
	48 (23)
	 < 0.001
	159 (37)
	268 (63)
	0.525
	164 (62%)
	101 (38)
	0.005

	Female
	147 (93)
	11 (7)
	148 (40)
	225 (60)
	138 (75%)
	46 (25)

	Age

	16–18 yrs
	186 (85)
	34 (15)
	1.0
	116 (30)
	276 (70)
	 < 0.001
	133 (63%)
	78 (37)
	0.225

	13–15 yrs
	153 (85)
	28 (15)
	201 (48)
	216 (52)
	164 (69%)
	74 (31)

	Residence

	Farm
	154 (84)
	29 (16)
	0.956
	197 (37)
	336 (63)
	 < 0.001
	183 (69%)
	83 (31)
	0.595

	Countryb
	67 (83)
	14 (17)
	64 (42)
	88 (58)
	 	69 (66%)
	36 (34)

	Town
	105 (84)
	20 (16)
	152 (67)
	76 (33)
	 	85 (72%)
	33 (28)

	Race

	NH White
	328 (85)
	56 (15)
	0.061
	461 (48)
	490 (52)
	1.0
	352 (71%)
	143 (29)
	0.054

	Otherc
	15 (68)
	7 (32)
	9 (47)
	10 (53)
	8 (47%)
	9 (53)

	Ownership

	Yes
	149 (73)
	54 (27)
	 < 0.001
	323 (40)
	477 (60)
	 < 0.001
	190 (58%)
	140 (42)
	 < 0.001

	No
	193 (96)
	9 (4)
	156 (85)
	23 (15)
	174 (94%)
	12 (6)


ATV all-terrain vehicle, yrs years, NH White non-Hispanic White
aThe sum of n for a variable may not equal the total group N due to missing values
bRespondents who live in the country, but not on a farm
cRespondents who were races and ethnicities other than non-Hispanic White




Helmet use on ATVs, dirt bikes and motorcycles
Higher proportions of participants stated they always/most of the time wore a helmet when riding motorcycles and dirt bikes as compared to ATVs. See Table 5. Moreover, higher proportions of participants stated they never wore helmets riding ATVs (49%) as compared to motorcycles (21%) and dirt bikes (21%), p < 0.001 for both (data not shown in a table). Females had higher proportions stating they always/mostly wore helmets on motorcycles but were not different from males for ATVs and dirt bikes. Overall, those who lived on farms had lower helmet use for all three vehicles versus those who lived elsewhere, p < 0.04 for all three comparisons (data not in table), with only 15% reporting always/mostly wearing helmets when on ATVs.Table 5Contingency table analyses regarding the frequency 2022 Iowa FFA leadership conference survey respondents wore a helmet while riding a motorcycle, ATV or dirt bike


	Contingency table analyses

	 	Motorcycle
	ATV
	Dirt bike

	Always/mostly
	Never/rarely/sometimes
	p value
	Always/mostly
	Never/rarely/sometimes
	p value
	Always/mostly
	Never/rarely/sometimes
	p value

	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a

	All
	232 (58)
	170 (42)
	 	206 (21)
	766 (79)
	 	261 (51)
	248 (49)
	 
	Sex

	Male
	103 (50)
	101 (50)
	0.008
	98 (23)
	327 (77)
	0.23
	131 (50)
	133 (50)
	0.452

	Female
	119 (64)
	66 (36)
	105 (20)
	429 (80)
	126 (53)
	110 (47)

	Age

	16–18 years
	120 (55)
	97 (45)
	0.257
	100 (25)
	308 (75)
	0.008
	136 (51)
	133 (49)
	0.789

	13–15 years
	110 (61)
	69 (39)
	106 (19)
	447 (81)
	121 (52)
	111 (48)

	Residence

	Farm
	88 (49)
	92 (51)
	0.003
	80 (15)
	446 (85)
	 < 0.001
	123 (46)
	142 (54)
	0.073

	Countryb
	66 (69)
	29 (31)
	66 (30)
	152 (70)
	71 (55)
	58 (45)

	Town
	77 (62)
	48 (38)
	60 (36)
	168 (63)
	66 (58)
	48 (42)

	Race

	NH White
	217 (57)
	162 (43)
	0.533
	200 (21)
	744 (79)
	1.0
	252 (52)
	236 (48)
	0.428

	Other
	14 (67)
	7 (33)
	6 (21)
	22 (79)
	8 (40)
	12 (60)

	Ownership

	Yes
	124 (63)
	77 (37)
	0.122
	164 (21)
	630 (79)
	0.444
	183 (56)
	143 (44)
	0.004

	No
	106 (54)
	92 (46)
	42 (24)
	136 (76)
	77 (42)
	105 (58)

	Riding frequency

	Monthly/few
	195 (58)
	143 (42)
	1.0
	115 (24)
	361 (76)
	0.033
	174 (49)
	184 (51)
	0.089

	Daily/weekly
	36 (58)
	26 (42)
	91 (18)
	405 (82)
	86 (57)
	64 (43)

	Strict helmet ruled

	Yes
	42 (75)
	14 (25)
	0.003
	111 (62)
	67 (38)
	 < 0.001
	67 (74)
	24 (26)
	 < 0.001

	No
	139 (52)
	127 (48)
	93 (12)
	695 (88)
	155 (45)
	193 (55)


ATV all-terrain vehicle, NH White non-Hispanic White
aThe sum of n for a variable may not equal the total group N due to missing values
bRespondents who live in the country, but not on a farm
cRespondents who were races and ethnicities other than non-Hispanic White
dRespondent’s family had a strict ATV “no helmet, no riding” rule. For motorcycles and dirt bikes, this only includes those that were also ATV riders



Owners of dirt bikes had higher proportions using helmets always/mostly versus non-owners which was not true related to motorcycles and ATVs. More frequent ATV riders (at least weekly) had lower percentages always/mostly using helmets as compared to less frequent riders. For ATV riders whose parents had a strict “No Helmet, No Riding” rule, 62% (111/178) stated they always/mostly wore a helmet which was far higher than any other demographic group. In fact, those with strict helmet rules had odds 12.1 (95% CI 5.1–28.8) times greater of using helmets always/mostly as compared to those without such a rule (data not shown). In addition, those with a strict ATV helmet rule also had greater helmet use when riding dirt bikes (74%) and motorcycles (75%) than those that did not have that rule.

Helmet laws for ATVs, dirt bikes and motorcycles
A greater proportion of respondents supported laws requiring helmets for riding motorcycles as compared to dirt bikes, and they supported helmet laws for motorcycles and for dirt bikes by greater percentages than ATVs. See Table 6. Females had higher percentages supporting helmet laws then males for all three vehicles. Those living on farms had less support for helmet laws than those living elsewhere. Owners and riders of all three vehicles had lower proportions supporting helmet requirement laws than non-owners and non-riders, respectively. Respondents whose families had a strict “No Helmet, No Riding” rule had the highest proportion supporting helmet laws for ATVs (nearly two-thirds), greater than any other demographic group. Logistic regression analysis showed that those with strict helmet rules had 10.0 (95% CI 4.2–23.8) times higher odds of supporting an ATV helmet law versus those without a rule (data not shown).Table 6Contingency table analyses regarding whether 2022 Iowa FFA Leadership Conference survey respondents believed there should be a law requiring helmet use while riding a motorcycle, ATV or dirt bike


	Contingency table analyses

	 	Motorcycle
	ATV
	Dirt bike

	Law
	No law
	p value
	Law
	No law
	p value
	Law
	No law
	p value

	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a
	n (row %)a

	All
	942 (72)
	360 (28)
	 	382 (31)
	862 (69)
	 	724 (56)
	562 (44)
	 
	Sex

	Male
	304 (57)
	227 (43)
	 < 0.001
	126 (25)
	379 (75)
	 < 0.001
	222 (42)
	303 (58)
	 < 0.001

	Female
	625 (83)
	128 (17)
	247 (34)
	476 (66)
	492 (66)
	252 (34)

	Age

	16–18 years
	489 (68)
	229 (32)
	 < 0.001
	191 (28)
	501 (72)
	0.012
	390 (55)
	322 (45)
	0.188

	13–15 years
	441 (78)
	125 (22)
	184 (34)
	350 (66)
	326 (59)
	230 (41)

	Residence

	Farm
	452 (69)
	204 (31)
	0.018
	155 (25)
	470 (75)
	 < 0.001
	345 (53)
	304 (47)
	0.037

	Countryb
	206 (75)
	69 (25)
	88 (33)
	182 (67)
	154 (57)
	117 (43)

	Town
	284 (77)
	87 (23)
	139 (40)
	210 (60)
	225 (61)
	141 (39)

	Race

	NH White
	891 (72)
	338 (28)
	0.669
	358 (30)
	824 (70)
	0.279
	685 (56)
	532 (44)
	1.0

	Otherc
	50 (69%)
	22 (31)
	23 (38)
	38 (62)
	38 (56)
	30 (44)

	Ownership

	Yes
	180 (63)
	108 (37)
	 < 0.001
	199 (24)
	615 (76)
	 < 0.001
	163 (44)
	211 (56)
	 < 0.001

	No
	761 (75)
	252 (25)
	183 (43)
	247 (57)
	561 (62)
	351 (38)

	Ridden in past year

	Yes
	242 (61)
	157 (39)
	 < 0.001
	235 (25)
	720 (75)
	 < 0.001
	212 (42)
	293 (58)
	 < 0.001

	No
	691 (78)
	199 (22)
	145 (51)
	141 (49)
	506 (66)
	266 (34)

	Riding frequency

	Monthly/few
	216 (64)
	121 (36)
	0.002
	126 (27)
	339 (73)
	0.842
	156 (44)
	201 (56)
	0.265

	Daily/weekly
	26 (42)
	36 (58)
	109 (28)
	281 (72)
	56 (38)
	92 (62)

	Strict helmet ruled

	Yes
	–
	–
	–
	112 (64)
	63 (36)
	 < 0.001
	–
	–
	 
	No
	–
	–
	–
	124 (16)
	653 (84)
	–
	–


ATV all-terrain vehicle, NH White non-Hispanic White
aThe sum of n for a variable may not equal the total group N due to missing values
bRespondents who live in the country, but not on a farm
cRespondents who were races and ethnicities other than non-Hispanic White
dRespondent’s family had a strict ATV “no helmet, no riding” rule




Helmet use importance
Helmet use importance (rated from 1 to 10, 10 high) were not different between motorcycles (mean 8.6, median 10) and dirt bikes (mean 8.3, median 10), but much lower for ATVs (mean 6.1, median 6). See Table 7. Females, non-owners, and those supporting helmet laws all had higher helmet use importance ratings as compared to their peers. There was a difference in the level of importance ascribed to helmet use for all three vehicles based on helmet use frequency. Those whose families had a strict ATV “No Helmet, No Riding” rule had higher helmet importance (median 9) than those with no such rule (median 5).Table 7Comparisons of the median importance ascribed by 2022 Iowa FFA Leadership Conference survey respondents to helmet use while riding a motorcycle, ATV or dirt bike


	 	Median comparisons of helmet use importance

	Motorcycle
	ATV
	Dirt Bike

	Median importance
	p value
	Median importance
	p value
	Median importance
	p value

	(1–10)a
	(1–10)a
	(1–10)a

	All
	10
	 	6
	 	10
	 
	Sex

	Male
	9
	 < 0.001
	6
	 < 0.001
	9
	 < 0.001

	Female
	10
	7
	 	10

	Age

	16–18 years
	10
	0.211
	6
	0.001
	10
	0.574

	13–15 years
	10
	7
	9

	Residence

	Farm
	10
	0.326
	5
	0.065
	9
	0.561

	Country but not on a farm
	10
	7
	10

	Town
	10
	7
	10

	Race

	NH White
	10
	0.101
	6
	0.033
	9
	0.018

	Other racesb
	10
	7
	10

	Ownership

	Yes
	9
	 < 0.001
	5
	 < 0.001
	9
	 < 0.001

	No
	10
	8
	10

	Ridden in past year

	Yes
	10
	0.069
	6
	0.067
	9
	0.111

	No
	10
	10
	10

	Riding frequency

	Monthly/few times a year
	9
	0.003
	6
	 < 0.001
	9
	0.099

	Daily/weekly
	8
	5
	8

	Helmet use

	Always
	10
	 < 0.001
	10
	 < 0.001
	10
	 < 0.001

	Mostly
	9
	8
	8

	Sometimes/rare
	7
	6
	7

	Never
	5
	4
	5

	Helmet law

	Support
	10
	 < 0.001
	10
	 < 0.001
	10
	 < 0.001

	Against
	8
	5
	7

	Strict “no helmet, no ride” rulec

	Yes
	–
	 	9
	 < 0.001
	–
	 
	No
	–
	 	5
	 	–
	 

ATV all-terrain vehicle, NH White non-Hispanic White
aMedian importance was 1–10, with 1 being “not at all important” and 10 being “extremely important”
bRespondents who were races and ethnicities other than non-Hispanic White
cRespondent’s family had a strict ATV “no helmet, no riding” rule





Discussion
A significant proportion of adolescents in the study were exposed to ATVs, motorcycles and dirt bikes, and helmet use (always/most of the time) was not greater than 58% for any of the vehicles. Ownership was highest for ATVs (65%) and more than three-quarters of all had ridden an ATV in the past year. While over half of riders reported using helmets always or most of the time on motorcycles and dirt bikes, this was only 21% for ATVs. The mean importance of helmet use and their level of support for helmet laws mirrored helmet use for each vehicle. In addition, the greater the importance participants ascribed to helmet use for a vehicle, the more frequently they wore a helmet when riding.
Respondents from farms as compared to those living elsewhere had the lowest helmet use and the least support of helmet laws for all three vehicles, even though their median rating of the importance of helmet use was not significantly different from their peers. Similar to adolescents from farms in our study, farmers have reported low ATV helmet use (Irwin et al. 2022; Mcintosh et al. 2016; Jennissen et al. 2017). Specifically, a study of attendees of the 2012 and 2013 Farm Progress Show, the largest U.S. outdoor farm show, found that among respondents, farmers had the lowest ATV helmet use with nearly three-fifths (58%) stating they never/almost never wore a helmet (Jennissen et al. 2017). Other studies have demonstrated low helmet use on ATVs among adolescents from farms (Hafner et al. 2010; Burgus et al. 2009; Goldcamp et al. 2006; Jinnah and Stoneman 2016).
Helmet use and the importance ascribed to wearing a helmet was much lower for ATVs than dirt bikes and motorcycles in the study. However, research has shown that pediatric ATV crash victims have a relatively high morbidity and mortality (Collins et al. 2007; Nabaweesi et al. 2018; Linnaus et al. 2017; Elzaim et al. 2022; Shults et al. 2005; Acosta and Rodriguez 2003). In fact, the severity of injuries on ATVs is more comparable to motor vehicle collisions than that of other sports and recreational activities (Nabaweesi et al. 2018). One study found that youth in ATV crashes were 7 times more likely to be hospitalized than other trauma causes and twice as likely as patients in motor vehicle crashes (Shults et al. 2005). In addition, the proportion of head injuries is higher in ATV-related crashes than with motorcycles (Collins et al. 2007; Linnaus et al. 2017; Acosta and Rodriguez 2003). Studies have shown many parents and adolescents do not consider driving ATVs to be dangerous and perceive the risk of serious injury to be low (Adams et al. 2013; Wymore et al. 2020). Undoubtedly, these distorted beliefs are likely factors in the low use of helmets on ATVs. Although few children and adolescents receive formal ATV training, this training has been positively associated with increased helmet use (Burgus et al. 2009; Jennissen et al. 2022).
There are no helmet laws in Iowa except the requirement to use them in public off-highway vehicle parks (Institute and for Highway Safety ((IIHS), Highway Loss Data Institute (HLDI) 2023; Iowa Department of Natural Resources. Off-highway vehicle reference guide 2024). Over half of the study FFA members supported laws mandating helmet use for dirt bikes and motorcycles, whereas ATV helmet law support was less than one-third, even though the risk for head injury is similar. Universal helmet laws covering all riders have been shown to be the most effective way to increase helmet use (NHTSA 2009; Houston and Richardson 2008) and are associated with a 36–45% decline in motorcycle crash mortality (Nortica et al. 2020 Nov). Nineteen states and the District of Columbia have universal laws (Institute and for Highway Safety ((IIHS), Highway Loss Data Institute (HLDI). 2023). Partial laws covering certain ages (usually those that are younger) have not been effective (NHTSA 2009; Houston and Richardson 2008; Nortica et al. 2020).
Nearly all states had universal laws by the early 1970’s after they were required to enact helmet legislation in order to qualify for Federal funding related to highway construction and some safety programs (NHTSA 2019). However, this requirement was removed in 1976 and in the subsequent four years almost half the states had repealed their universal laws. An immediate increase in motorcycle fatalities was seen as exemplified by Michigan, one of the most recent to change its law in 2013, which experienced an 18% increase in motorcycle fatalities (NHTSA 2019). Similarly, states with more ATV safety laws have lower fatality rates, including for children (Helmkamp 2001; Helmkamp et al. 2012). One of the most effective way for states to save motorcycle, dirt bike and ATV rider lives is the passage and enforcement of universal helmet laws.
Over 60% of study participants who reported a strict ATV “No Helmet, No Riding” rule in their family wore a helmet always or most of the time when riding ATVs. Although there is still room for improvement, this proportion was by far higher than that of any other demographic group. We did not ask participants whether they had “No Helmet, No Riding” rules for other vehicles, but those who had strict ATV rules were also found to have higher helmet use on motorcycles and dirt bikes. In addition, the rating of helmet importance was much higher for those with a strict ATV helmet rule (median 9) as compared to those without (median 5).
Previous studies have shown that firm rules requiring helmet use are critical to helmet wearing by children (Miller et al. 1996; Berg and Westerling 2001; Khambalia et al. 2005; Keezer et al. 2007). One study found that a strict rule increased the likelihood of bicycle helmet use 46-fold (Miller et al. 1996). Parents stated in another study that the most effective method for getting their children to wear helmets on bicycles and ATVs was a non-negotiable “No Helmet, No Riding” rule (Wymore et al. 2020). Adolescents shared in a focus group that the main reason they wore ATV helmets was that their riding club or parents mandated it (Adams et al. 2013). Even adolescents, whose adherence to rules at times may be lacking, have higher proportions that use helmets when parents have strict requirements than when none exist (Berg and Westerling 2001). Parents should be encouraged to start helmet use early, be good helmet-wearing role models, and to implement a non-negotiable “No Helmet, No Riding” rule that is strictly enforced with negative consequences (e.g., riding privileges revoked for a week) for non-compliance.
Limitations
Our study was performed in a single Midwestern state with a population primarily rural and non-Hispanic White. Thus, our findings may not be generalizable to other states, urban settings or areas of greater racial/ethnic diversity. Moreover, comparisons by race/ethnicity should be interpreted with caution given the category “Other” was quite small and diverse. We also used a convenience sample of FFA members that were mostly from rural areas, so our results may not be representative of adolescents across the entire state. However, the vast majority of Iowa counties were represented in the sample. Data collected was self-reported so is likely subject to recall bias and social desirability. Surveys were anonymous and completed independently which should have decreased the social desirability effect.


Conclusions
ATV ownership and use by adolescents in the study was extremely common, especially those from farms. The importance of wearing a helmet while riding motorcycles and dirt bikes was much higher than for ATVs, and helmet use mirrored their importance rating. Farm youth had lower proportions wearing helmets for all vehicles and less support for laws mandating helmet use. Whereas, over one-half of study participants supported a helmet law for motorcycles and dirt bikes. Respondents whose families had an ATV “No Helmet, No Riding” rule had higher ratings of helmet importance and more frequent helmet use than those without a strict rule. Our study indicates that the safety culture surrounding helmet use is relatively poor among rural adolescents, especially on farms, and deserves targeted interventions. The passage and enforcement of universal helmet laws is one of the many essential ways of improving the safety culture surrounding these vehicles and thereby preventing deaths and injuries among rural adolescents who ride them.
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