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ORIGINAL ARTICLE
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Obijectives: To identify the incidence, severity, and potential risk factors for sports/recreational injuries
incurred by children and adults in a five state, rural, Midwest, agricultural household population.
Methods: Computer assisted telephone interviews that included questions about all injuries were
completed for eligible, participating households for 1999; 16 538 people participated, including 8488
children less than 20 years of age. Rates and 95% confidence intervals were calculated, and causal models
guided multivariate models.

Results: Of a total of 2586 injuries, 1301 (50%) were not related to agricultural activity. Among these, 733
(28%) were associated with sports/recreational activities including multiple person sports (64%), general
play activities (19%), and single person sports (14%). The overall rate was 46.4 injury events per 1000
persons per year. Rates for children were 99.4 for boys and 64.3 for girls. For adults (aged 20 and
above), rates were 11.9 for men and 4.8 for women. For children, 93% received health care, 44% were
restricted for seven or more days, and 18% lost agricultural work time of seven or more days; the
respective proportions for adults were 88%, 45%, and 17%. Multivariate analysis for children showed
increased risks for Nebraska residents, males, and those 10-14 or 15-19 years. For adults, increased
risks were identified for males and those 20-24 years; decreased risks were observed for Nebraska
residents and those 45-54 years.

Conclusions: Sports/recreational activities are an important source of injury with relevant consequences
for this population, including significant restricted daily activity and lost agricultural work time. Key

among all age groups, although these activities carry
some risk of injury. In 1997, 62% of high school students
reported participating in one or more sports teams,' and data
from 1999 to 2001 indicated that 64% of adults participated
in leisure time physical activity.” Based on research in the
United States, it has been estimated that approximately four
million sports/recreational injuries were treated in US
hospital emergency departments; these injuries accounted
for more emergency department visits than those involving
motor vehicle occupants (3.5 million).” Internationally,
studies have shown sports/recreational injuries in various
settings to be an important source of injury morbidity.* "
To date, research on sports/recreational injuries have been
predominantly descriptive and often limited to specific types
of sports. Moreover, few efforts have focused on rural
populations. Recently, a need for population based sports/
recreational injury research has been identified, particularly
for rural populations.'" Nordstrom ef al'* reported that 39% of
all injury episodes in their rural study population resulted
from sports/recreational activities. In the regional rural injury
study-I, a population based study of agricultural households,
it was found that 31% of all non-agricultural activity related
injuries were sports/recreational injuries.” The goals of the
present study were to identify the incidence and severity of,
and potential risk factors for, sports/recreational injuries in a
rural US Midwestern population.

Sports/recreational activities are increasingly popular

METHODS

Data for this study were derived from the 1999 regional rural
injury study-IL,'* a population based study of agricultural
operation households with children in Minnesota, Wisconsin,

findings provide a basis for further study to address these burdens.

North Dakota, South Dakota, and Nebraska; 16 000 opera-
tions (3200 per state) were randomly selected from the
United States Department of Agriculture’s National
Agricultural Statistics Service (NASS) Master List Frame of
Agricultural Operations. This study was approved by the
University of Minnesota Institutional Review Board. Letters
from investigators and respective state NASS offices were
mailed to each operation to invite participation; these letters
included information about the study, abiding by federal
guidelines. Trained NASS interviewers conducted all inter-
views using a computer assisted telephone interview instru-
ment developed by the research team.” Initial interviews
obtained informed consent, established eligibility, and
enrolled eligible households that agreed to participate.
Households were eligible if they: were the agricultural
operator’s household and included children younger than
20 years of age (<20) as of 1 January 1999; produced >$1000
of agricultural goods in the previous year or were involved in
a Conservation Reserve Program; and were actively farming
or ranching or involved in a Conservation Reserve Program,
as of 1 January 1999.

Subsequently, households that met the eligibility criteria
and agreed to participate received comprehensive packets
containing a letter describing the first full length interview
along with information cards to record demographics and
injury information for all household members for each six-
month period to facilitate data collection.” A comparable
packet was mailed before the second full interview. As an
incentive for participation, all households were eligible to

Abbreviations: GEE, generalised estimating equation; ICD-9-CM E-
Codes 800-999, Infernational Classification of Diseases-Ninth Revision,
External Cause Codes; NASS, National Agricultural Statistics Service
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Table 1  Major sources of sports/recreational injuries among child and adult agricultural household members: regional rural
injury study-Il, 1999

Children Adults Total
) i Male (n=421) Female (n=246) Male (n=49) Female (n=17) Male (n=470) Female (n=263)

Sports/recreational injury
category No % No % No % No % No % No %
All multiple person sports/ 281 66.7 155 63.0 29 59.2 5 29.4 310 66.0 160 60.8
recreational activities

Basketball only 79 18.8 76 30.9 8 16.3 1 5% 87 18.5 77 29.3

Football only 133 31.6 3 1.2 3 6.1 0 0 136 28.9 3 1.1
Play 81 19.2 58 23.6 2 4.1 0 0 83 17.7 58 22.1
Single person sports/ 47 11.2 29 11.8 14 286 10 58.8 61 13.0 39 14.8
recreational activities
Other/missing 12 2.9 4 1.6 4 8.2 2 11.8 16 3.4 6 2.3

bonfire, and watching baseball.

Children are defined as <20 years of age and adults as =20 years of age. Multiple person sports/recreational activities include baseball, basketball,
cheerleading/drill team, dancing, field hockey, football, ice hockey, martial arts, soccer, softball, track and field (selected by narrative), volleyball, water skiing,
and wrestling. Play includes horseplay, physical education (general), play (general), and playground activities. Single person sports/recreational activities include
aerobics, bicyc|ing, bocﬂing, bow|ing, go|F, gymnastics, hunﬁng, ice fishing/ﬁshing, ice skating, roller skofing, in-line skcting, running/iogging, skiing/snow-
boarding downhill, sledding, snowmobiling, swimming/diving, target practice/shooting, track and field (selected by narrative), weight lifting, trampoline, and
rodeo activities. Other includes climbing a tree, climbing on a building, dirt bike racing, restoring an antique tractor, kickball, moving bleachers, playing frisbee,
playing hacky sack, playing with a dog, racing, go-cart riding, running through a sprinkler, stunt driving, and surfing; bystanders to a hayride, sitting around a

enter a draw that provided an opportunity of at least one in
32 of receiving a $100 US savings bond.""'® A follow up
survey was sent to non-respondents in an attempt to
determine whether the operations would have been eligible
for participation.

Interviews were conducted during July 1999 and January
2000 to collect data for the respective previous six-month
periods of 1999. The female head of household was the
preferred respondent for injury information; the male head of
household served as the respondent, as appropriate.
Demographic data, injury occurrence, and information on
pertinent agricultural and other exposures were collected for
all members of the household (n = 16 538). A conceptual
model, based on previously published information and expert
knowledge, served as the basis for developing causal models"
for both child and adult sports/recreational injuries.”” These
guided development of the data collection instruments, data
analyses, and interpretation.

An injury was defined as any event resulting in one or
more of the following: restriction of normal activities for four
hours or more; loss of consciousness, loss of awareness, or
amnesia for any length of time; use of professional health
care. Sports/recreational injuries were defined as those
resulting from organised, recreational, and general play
activities. They were identified by both source classifications
and injury narratives contained in the interviews. All persons
of all ages were considered at risk of potential injury.

Data collection for each injury event included: activity;
source/vehicle; associated circumstances; consequences
including types of injury/diagnoses, health care received,
restricted activity, impact on work activity; and other
information recorded in narrative form. Injury event descrip-
tions were coded by the research team using a simplified
coding structure used in previous studies,” *° in combination
with an expanded version of the International Classification
of Diseases-Ninth Revision, External Cause Codes (ICD-9-CM
E-Codes, 800-999).*

Injury event rates, calculated as injuries per 1000 persons
per year, and 95% confidence intervals were calculated using
univariate Poisson regression. These rates accounted for
multiple injury events within each six-month period. Rates
were adjusted for within household correlation using
generalised estimating equations (GEEs).*” Rates for missing
levels were not calculated because of insufficient numbers.
Potential selection bias due to non-response was partially
accounted for by inversely weighting observed responses with
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probabilities of response.”” This was estimated as a function
of the state of operation location, type of operation, and
annual revenue by quintile from the NASS Master List
Frame. To account for unknown eligibility among non-
respondents, probability of eligibility was estimated for these
same characteristics.” Denominators were based on the total
number of eligible responses for each respective category.
Odds ratios and 95% confidence intervals were calculated for
risk of injury using multivariate logistic regression.” Causal
models identified complex hypothesised interactions among
potential confounders. They were used to select a minimum
sufficient set of potential confounders when each exposure of
interest was modelled in the multivariate analyses." *

RESULTS

Among the 16 000 operations sampled, 4402 were eligible. Of
these, 4122 (94%) operations participated in the first six-
month interview and 3765 (86%) participated in both
interviews. A total of 16 538 persons were residents on the
operations (52% male, 51% under 20 years of age, and 99%
white). Overall, 25% of operations refused participation.

A total of 2586 injury events were reported. Of these, 1301
(50%) were not related to agricultural activity, including 733
that were sports/recreational related. Of the 733 sports/
recreational injuries, most occurred to males (64%) and those
<20 years of age (91%).

There were 55 types of sports/recreational activity that
resulted in injury. Multiple person sports were associated
with over 60% of all injuries. Of those, over 40% were
sustained in basketball and football (table 1). By major ICD-9
E-code classifications, ES80-E888 (falls) (33%) and E916—
E928 (other) (65%) comprised nearly all external causes of
injury. By specific E-codes, injuries were classified primarily
under E927 (overexertion and strenuous movements) for
male (25%) and female (39%) children and male (45%) and
female (47%) adults.

The most common types/diagnoses of sports/recreational
injuries for children were sprains/strains (36%, boys; 48%,
girls) and fractures/dislocations (31%, boys; 29%, girls).
Among adults, men primarily sustained sprains/strains
(45%), lacerations (16%), and fractures/dislocations (16%),
and women primarily sustained sprains/strains (53%) and
fractures/dislocations (29%). By anatomical location, children
incurred injuries associated primarily with ankles (16%, boys;
24%, girls) and arms (16%, boys; 17%, girls), whereas adult
involvement was varied (men: ankles, 16%, and fingers, 14%;
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Table 2 Severity measures associated with sports/recreational injuries: regional rural
injury study-Il, 1999
Children Adults
Male Female Male Female

Severity measure No % No % No % No %
Hospital admission

No 404 960 239 972 45 918 17 100

Yes 17 40 7 28 4 8.2 0 =
Care location*

None 31 7.4 19 7.7 4 8.2 4 23.5

Doctor’s office 193 458 130 528 19 388 8 471

Hospital emergency room 136 323 68 276 16 327 4 23.5

Hospital in-patient 17 4.0 7 2.8 4 8.2 0 =

Dentist’s office 11 2.6 6 24 2 4.1 0 -

Chiropractor’s office 32 76 18 73 11 224 2 11.8

At scene of injury 22 52 1 4.5 2 4.1 1 5.9

Other healthcare facility 26 6.2 13 53 1 2.0 1 59
Length of restricted activities

No restriction 63 150 26 106 8 163 0 =

>0hto<4h 16 3.8 17 6.9 2 4.1 0 =

4 hto <1 day 38 9.0 20 81 10 204 2 11.8

1 day to <7 days 131 31.1 62 252 1 22.4 3 17.6

7 days to < 14 days 47 112 33 134 5 102 2 11.8

14 days to <1 month 57 13.5 32 130 4 8.2 2 11.8

1 month to <3 months 53 1246 46 187 7 143 6 858

3 months+ 16 3.8 10 4.1 2 4.1 2 11.8
Any lost agricultural work time

No 265 629 180 732 31 633 9 52.9

Yes 156  37.1 66  26.8 18 367 8 471
Lost agricultural work fime

None 265 629 180 732 31 633 9 52.9

>0hto<4h 3 0.7 1 0.4 0 - 1 59

4 hto <1 day 9 2.1 3 1.2 6 122 0 =

1 day to <7 days 62 147 22 8.9 6 122 2 11.8

7 days to <14 days 19 4.5 15 6.1 1 2.0 2 11.8

14 days to <1 month 35 83 10 4.1 0 = 0 =

1 month to <3 months 22 52 14 57 4 8.2 3 17.6

3 months+ 6 1.4 0 = 1 20 0 =

Missing/unknown/refused 0 - 1 0.4 0 - 0 -
Any other lost work time

No 401 952 229 931 45 918 12 70.6

Yes 20 438 17 6.9 4 8.2 5 29.4
Other lost work time

None 401 952 229 931 45 918 12 70.6

>0hto <4h 0 - 1 0.4 0 = 0 =

4 hto <1 day 2 05 1 0.4 1 2.0 0 =

1 day to <7 days 10 2.4 2 0.8 2 4.1 3 17.6

7 days to <14 days 0 - 4 1.6 1 2.0 0 =

14 days to <1 month 2 0.5 3 1.2 0 - 0 -

1 month to <3 months 5 1.2 5 2.0 0 = 1 59

3 months+ 1 0.2 0 = 0 = 1 59

Missing/unknown/refused o - 1 0.4 0 - 0 -
Persistent problems

No 368 874 214 870 35 714 1" 64.7

Yes 53 126 31 126 14 284 6 353

Missing/unknown/refused 0o - 1 0.4 0 - 0 -
Children are defined as <20 years of age and adults as =20 years of age.
*Multiple responses possible.

women: knees, 29%, and fingers, 18%). A total of 42 brain
injuries were incurred by children (7%, boys; 4%, girls) and
adults (4%, men; 6%, women).

Children’s sports/recreational injuries occurred most often
at school (40%, boys; 45%, girls) and in sports/recreational
areas (36%, boys; 31%, girls), followed by those on the
agricultural operation (8%, boys; 11%, girls). Adult sports/
recreational injuries occurred most often in sports/recrea-
tional areas (69%, men; 59%, women).

Injuries requiring hospital admission involved very small
proportions of the study population. However, hospital
emergency department care was used in respectively greater
proportions (table 2). Overall, large proportions required
some health care: male and female children, 93% and 92%
respectively; male and female adults, 92% and 76% respec-
tively. Female children and adults reported regular activity

restriction for one week or more in greater proportions than
male children and adults. For female adults, this proportion
was nearly twice that for male adults.

In concert with restricted activity, lost agricultural work
time resulting from sports/recreational injuries was also
reported. For female adults, restriction from agricultural
work for one week to three months or more was more than
twice that reported for male adults. Moreover, time lost from
non-agricultural work for female adults was more than three
times that for male adults. Female compared with male
children also reported greater proportions of lost non-
agricultural work time; however, the difference was not as
great. As shown in table 2, persistent problems associated
with the injuries were reported at the time of the interview
for both male and female children and adults. These
problems predominantly involved pain on movement or
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Table 3  Sports/recreational event rates per 1000 persons per year among agricultural household members: regional rural
injury study-Il, 1999

Number
Number of injury Injury events per
Exposure exposed* events 1000 personst
Total population 16537 733 46.4 (42.8 to 50.3)
Males
Total 8539 470 57.0(51.6 to 63.1)
Ages <20 4410 421 99.4 (89.4 10 110.6)
Ages 20+ 4124 49 11.9 (8.9 to 16.0)
Females
Total 7998 263 35.1 (30.6 to 40.2)
Ages <20 4077 246 64.3 (55.8 to 74.1)
Ages 20+ 3917 17 4.8 (2.8 10 8.0)
Age groups (years)
<4 1108 37 34.6 (25.0 to 47.9)
5-9 1917 80 42.6 (33.7 0 53.9)
10-14 2643 272 112.4 (97.7 to 129.2)
15-19 2819 278 101.0 (88.7 to 114.9)
20-24 553 12 23.2 (13.2 1o 40.7)
25-34 1059 7 6.1 (2.21t016.9)
35-44 3721 34 9.6 (6.8 10 13.7)
45-54 2277 11 5.0 (2.7 to 9.0)
55+ 431 2 4.5(1.1 10 17.8)
State of residence
Minnesota 3178 125 44.1 (35.6 to 54.6)
Nebraska 3381 180 54.3 (46.5 to 63.5)
North Dakota 3498 155 45.6 (38.2 to 54.5)
South Dakota 3527 171 49.6 (41.9 to 58.6)
Wisconsin 2953 102 36.1 (29.2 to 44.5)
Educational status
Incomplete (<20 years of age) 8487 667 82.5 (75.7 to 90.0)
Less than high school graduate 266 2 7.4 (1.9 to 29.2)
High school graduate/equivalency 3222 17 5.2 (3.3 10 8.4)
Technical school or some college 2897 37 12.8 (9.0 to 18.0)
College graduate/postgraduate 1652 10 7.3 (3.7 to 14.6)
Marital status
Premarital age (<16 years of age) 6308 473 79.8 (72.0 to 88.5)
Married/living as married 7255 53 7.5 (5.6 to 10.0)
Never married 2770 205 76.0 (65.4 to 88.3)
Separated/divorced/widowed 187 2 10.8 (2.7 to 42.3)
Hours worked on own operation (weekly average)
0 2765 100 38.1 (31.1 to 46.6)
>0-20 7715 457 61.1 (55.3 to 67.5)
>20-40 2287 1M 51.4 (41.0 to 64.4)
>40-60 1446 26 17.5(11.6 to 26.3)
>60-80 1290 19 14.5 (7.7 to 27.3)
>80 481 3 6.2(2.0to0 18.9)
NA 553 17 45.2 (27 .4 t0 74.7)
Previous agricultural injury
No 13387 621 48.4 (44.3 to 53.0)
Yes 3143 112 38.0 (30.6 to 47.1)
Values in parentheses are 95% confidence infervals. Sports/recreational event rates were calculated using Poisson regression, adjusted for within household
correlation using generalised estimating equations (GEEs)*' and weighted for non-response.” *
*Number responded/injured corresponding to total injuries.
+Sum of cgy Jnjury counts based on person-time in half-years; annudlised rate adjusted for within household correlation using GEEs* and weighted for non-
response.

exertion and decreased range of motion. The most common
injury types associated with persistent problems were, for
male children and male and female adults respectively,
sprains/strains (42%, 43%, and 67%) and fractures/disloca-
tions (34%, 29%, and 33%); for female children, these were
primarily sprains/strains (55%) and torn ligaments (16%).

Injury consequences varied with the major sport subcate-
gories. For injuries sustained in the multiple person sports
subcategory, male and female children (42%, 45%) and
adults (41%, 60%) were restricted from activities for seven or
more days. As a result of football injuries, male children were
restricted for seven or more days (47%) and sustained greater
consequences from basketball injuries than female children.
Of female adults injured in single person sports, 90% were
restricted for seven or more days and 50% reported losing
other work time.

As shown in table 3, the overall annualised rate for sports/
recreational injuries was 1.6 times higher for males than for

www.bjsportmed.com

females. Additional rates, for the total population, are also
identified in the table. Table 4 presents rates for boys and
girls separately, and table 5 presents rates for men and
women separately.

Rates for the basketball and single person sports sub-
categories were similar for males (10.1 and 7.2) and females
(9.8 and 6.0). Increased rates, associated with general play
activities, were more common in the youngest age categories
(04 years, 28.2; 5-9 years, 28.5; and 10-14 years, 20.3).

Multivariate analyses (table 6), based on persons at risk,
identified increased risks for children who were: residing in
Nebraska compared with Minnesota; male; and 10-14 or 15—
19 years of age compared with those <4 years. Although the
risk was also increased for children whose head of household
educational status was incomplete, compared with college
graduate/postgraduate, the small numbers resulted in an
unstable estimate. For children who had sustained a previous
agricultural injury, the increased risk was suggestive. The
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Table 4 Sports/recreational event rates per 1000 persons per year in child (<20 years of age) agricultural household
members: regional rural injury study-Il, 1999
Boys Girls
Number exposed* Number exposed*
Exposure (injury events) Ratet (95% Cl) (injury events) Ratet (95% Cl)
Total population 4410 (421) 99.4 (89.4 10 110.6) 4077 (24¢6) 64.3 (55.8 to 74.1)
Age groups (years)
<4 574 (23) 42.3 (27.9 to 64.0) 534 (14) 27.1 (16.1 to 45.5)
5-9 960 (44) 47.6 (35.2 to 64.4) 957 (36) 37.7 (26.6 to 53.4)
10-14 1395 (166) 126.5 (106.8 to 149.8) 1248 (106) 97.3 (77.3 10 122.5)
15-19 1481 (188) 130.7 (111.3 to 153.5) 1338 (90) 68.4 (55.2 to 84.8)
State of residence
Minnesota 865 (62) 79.3 (59.9 to 104.8) 791 (43) 64.5 (43.9 to 94.7)
Nebraska 884 (111) 127.6 (104.9 to 155.2) 861 (61) 74.7 (56.7 to 98.3)
North Dakota 946 (87) 93.3 (72.7 0 119.6) 830 (56) 70.1 (563.3 o 92.1)
South Dakota 939 (106) 115.6 (93.8 to 142.4) 852 (52) 63.5 (46.4 t0 86.7)
T — 776 (55) 76.4 (56.3 o 103.7) 743 (34) 469 (33.3 t0 66.1)
Marital status
Premarital age (<16 years of age) 3248 (283) 92.2 (81.0 to 104.8) 3060 (190) 67.6 (57.31079.7)
Married/living as married 4 (1) 380.5 (94.8 to 1,526.4) 0 -
(" 1157 (137) 120.5 (100.1 fo 145.1) 1012 (56) 56.0 (42.6 o 73.7)
Hours worked on own operation
(weekly average)
811 (36) 46.2 (33.1 to 64.4) 1289 (59) 48.5 (37.2 to 63.2)
~0-20 2593 (276) 110.2 (96.7 to 125.7) 2481 (162) 67.4 (57.3 10 79.4)
>20-40 707 (83) 121.4 (96.9 to 152.1) 166 (18) 136.5 (67.8 to 274.9)
< 40-60 128 (12) 92.0 (49.4 10 171.3) 13(1) 84.8 (14.1 to 511.0)
>60-80 30 (5) 174.9 (35.3 to 867.5) 0 -
>80 0 = 0 -
NA 136 (9) 95.8 (49.5 to 185.3) 122 (¢) 79.2 (32.3 to 194.3)
Previous agricultural injury
No 3896 (353) 94.9 (84.4 to 106.8) 3826 (228) 63.1 (54.7 to0 72.8)
Yes 514 (68) 136.0 (107.1 to 172.5) 250 (18) 87.0 (46.4 to 163.1)
Sports/recreational event rates were calculated using Poisson regression, adjusted for within household correlation using generalised estimating equations
(GEEs)”" and weighted for non-response.”” ** Rates presented for total population are for within household adjustments, not within age and sex adjustments.
*Number responded/injured corresponding to fotal injuries.
+Sum of all injury counts based on person-time in half-years; annudlised rate adjusted for within household correlation using GEEs*' and weighted for non-
response.””
95% Cl, 95% confidence interval.

subcategories of football (1.9; 95% CI 1.2 to 3.0) and multiple
person sports (1.4; 95% CI 1.1 to 1.9) were also associated
with increased risks. Reduced risk was identified for house-
holds with six or more children, compared with those with
only one child.

For adults (table 7), increased risks were identified for:
being male; being 20-24 years of age compared with 35-44
years; and having completed technical school or some college,
compared with completion of high school. The risk of sports/
recreational injuries was increased for people with previous
agricultural injury, but the confidence interval included 1.0.
In contrast with findings for the children, a reduced risk was
observed for Nebraska, compared with Minnesota residents.
A reduced risk was also observed for being 45-54 years of age
compared with 35-44 years.

DISCUSSION

Results indicate that sports/recreational injuries contribute
substantially to the injury burden of rural, agricultural
families living in the Midwest. These injuries not only
accounted for nearly one third of all injuries but also resulted
in measurable consequences including restricted activity and
lost agricultural work time. This problem was particularly
salient for female adults.

Among inherent study limitations, a potential limitation of
this study is recall bias. Participants may have been more
likely to remember and report more severe injuries. To
address this potential bias, the reporting periods involved six-
month data collection periods which have been shown to
improve reporting validity.” * The use of information packets
and forms on which participants could record information

about their injury events throughout the study period were
also used to decrease recall bias.

Although the response rate among known eligible house-
holds was relatively high, there was also potential for some
selection bias from non-participation. Adjustments for non-
response, based on data from the NASS Master List Frame of
Agricultural Operations, were made to minimise this poten-
tial bias using the strategy of Horvitz and Thompson.”> Owing
to the nature of the study, specific exposure data for each
sports/recreational activity could not be obtained. Thus the
estimates identified are considered conservative given that
the entire population would probably not have been exposed
to some of the sports/recreational activities studied. To
minimise misclassification, the data collection instruments
were subjected to rigorous development and testing, and
interviewers had thorough training before each interview
period. A conceptual model provided a basis for the design of
the interview instruments. This model also served as a basis
for the development of a more complex causal model and
relevant applications'” which enabled selection of a minimum
sufficient set of potential confounders when each exposure of
interest in the multivariate analyses was modelled."

Although there is a possibility for changes over time within
a study population, there is evidence of no difference in rates
between the present study and recent data for 2001 which
were collected in a comparable manner. This includes rates
for the total population, males, females, children, and
adults.*

Most population based sports/recreational research has
focused on high school athletes in school settings® ®?>*7*;
relatively few large population based sports/recreational
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Table 5 Sports/recreational event rates per 1000 persons per year in adult (20 or older) agricultural household members:
regional rural injury study-Il, 1999

Men Women

Number exposed* Number exposed*
Exposure (injury events) Ratet (95% Cl) (injury events) Ratet (95% Cl)
Total population 4124 (49) 11.9 (8.9 to 16.0) 3917 (17) 4.8 (2.8 to 8.0)
Age groups (years)

20-24 307 (10) 35.1 (19.2 o 64.5) 246 (2) 8.4 (2.1 o 33.5)

25-34 418 (6) 13.3 (4.2 to 41.8) 641 (1) 1.4 (0.2 to 10.1)

35-44 1791 (24) 13.5 (9.1 t0 20.2) 1930 (10) 6.0(3.0t0 12.1)

45-54 1318 (7) 54 (2.6 11.4) 959 (4) 43 (1,610 11.6)

=55 290 (2) 6.6 (1.6 to 26.5) 0 -

State of residence

Minnesota 789 (14) 17.8 (10.5 to 30.0) 730 (6) 10.5 (4.2 to 26.4)

Nebraska 842 (7) 7.9 (3.8 to 16.5) 789 (1) 1.3 (0.2 10 8.9)

North Dakota 882 (10) 12.0 (6.5 to 22.3) 839 (2) 2.8 (0.7 to 11.2)

South Dakota 880 (9) 10.5 (5.5 o 20.1) 856 (4) 4.6 (17 to 12.4)

Wisconsin 731 (9) 12.5 (5.5 to 28.4) 703 (4) 57(2.21015.2)
Educational status

Less than high school graduate 178 (2) 11.0 (2.7 to 43.8) 0 -

High school graduate or equivalency 1831 (14) 7.5(4.51012.7) 1391 (3) 2.1 (0.7 to 6.6)

Technical school or some college 1405 (29) 21.1(14.3 10 31.2) 1492 (8) 5.1(2.51010.2)

College graduate/postgraduate 707 (4) 5.6 (2.1 to 14.9) 945 (6) 8.6 (3.5 10 21.3)
Marital status

Married/living as married 3626 (37) 10.2 (7.2 to 14.4) 3624 (15) 4.6 (2.7 10 8.0)

Never married 357 (10) 29.8 (16.1 to 54.9) 244 (2) 8.5 (2.1 to0 33.9)

Separated/divorced/widowed 137 (2) 14.5 (3.7 to 57.2) 0 -

Hours worked on own operation
(weekly average)
49 (2) 52.7 (13.4 to 206.9) 615 (3) 5.0 (1.6 to 15.5)

>0-20 548 (11) 19.6 (10.9 to 35.1) 2087 (8) 4.6 (2.1 10 10.0)

~20-40 710 (6) 8.3 (3.7 fo 18.4) 704 (4) 55(2.0to 14.9)

>40-60 1045 (12) 11.4 (6.5 to 20.1) 259 (1) 3.6 (0.5 to 25.5)

~60-80 1169 (14) 118 (6.4 to 21.8) 0 -

>80 443 (3) 6.6 (2.1 to 20.5) 0 =

NA 160 (1) 9.4 (1.3 f0 66.3) 135 (1) 11.8 (1.7 to 83.8)
Previous agricultural injury

No 2365 (26) 1.1 (7.6 0 16.3) 3292 (14) 42 (251 7.1)

Yes 1753 (23) 13.2 (8.4 t0 20.7) 625 (3) 7.7 (2.1 to 28.5)
Sports/recreational event rates were calculated using Poisson regression, adjusted for within household correlation using generalised estimating equations
(GEEs)*" and weighted for non-response.”” ** Rates presented for total population are for within household adjustments, not within age and sex adjustments.
*Number responded/injured corresponding to total injuries.
+Sum of all injury counts based on person-time in half-years; annualised rate adjusted for within household correlation using GEEs*' and weighted for non-
response.””

95% Cl, 95% confidence interval.

studies have been conducted.” > *> The present comprehen-
sive study of agricultural operation household members
enabled data collection on persons of all ages, resulting in
identification of a variety of types of sport/recreational injury
and injury consequences that occurred in assorted locations,
including agricultural operations (9% of the total sports/
recreational injuries), an environment in which work and
sports/recreational activities may be intertwined.

Children incurred the vast majority of sports/recreational
injuries, primarily in multiple person sports. Identified
patterns of injury types/diagnoses and anatomical locations
are largely consistent with other research, both population
and clinical based.*” '*** ****7 However, in addition to study
method variations, differences due to injury definitions have
been noted, suggesting that standardising definitions would
aid future research comparability. Implementation of more
comprehensive surveillance efforts would enable trend
detection and serve as a basis for more in-depth studies of
specific sports/recreational problems. Additional descriptive
sport and recreational E-codes, currently limited in this area,
would also assist in future research.

Although only a small proportion of those who sustained
sports/recreational injuries were admitted to hospital, sub-
stantial proportions of the study population received some
form of healthcare treatment. This suggests that hospital
surveillance alone is not adequate for identifying the
magnitude of the problem. Sports/recreational injuries
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resulted in both restriction from regular activities and lost
agricultural work time, which may affect not only the
individual, but potentially entire households and respective
agricultural operations. When children are involved, other
household members may require time away from their work
to provide care, leaving the work of both the children and
adults unfinished. Previous research has alluded to these
effects of lost work time, although not specifically in an
agricultural setting and not in this detail.* ** **° These
injuries appeared to have an important burden on the
operations and require further study. Moreover, high
proportions of female adults experienced lost time conse-
quences from their injuries but required less health care, a
finding that also requires further investigation.

Evidence of persistent problems underscores the potential
long term consequences of injuries, not only for individuals,
but also for the entire agricultural operation. Similar
consequences have been identified in previous major
population based studies” ** by the same investigators.
Sandelin et al* reported that most persistent problems were
largely associated with sprains, a finding analogous to that
identified in this study. Further research is warranted to
examine the total impact of these problems on households
and associated operations.

High injury rates per 1000 persons were particularly
evident for male and female children who worked for more
than 20 hours but less than or equal to 40 hours a week on


http://bjsm.bmj.com/
http://group.bmj.com/

Downloaded from bjsm.bmj.com on October 4, 2010 - Published by group.bmj.com

Rural sports and recreational injuries

533

Table 6 Multivariate analyses: personal risk of any sports/recreational activity related
injury among child (<20 years of age) agricultural household members: regional rural
injury study-Il, 1999
No No of
Exposure responded events OR 95% Cl
State of residence*
Minnesota 1627 97 Referent =
Nebraska 1725 1155 1.5 1.1 to 2.0t
North Dakota 1716 126 1.2 0.8to 1.6
South Dakota 1772 142 1.2 09t01.7
Wisconsin 1464 83 0.9 0.6t0 1.2
Sext
Male 4324 371 1.5 1.3t0 1.8t
Female 3980 232 Referent -
Age (years)q
<4 1092 36 Referent -
59 1890 76 1.2 0810 1.8
10-14 2579 245 3.3 2.2 to 4.9t
15=19 2736 245 2.9 2.0 to 4.4t
Head of household educational status§
Incomplete (age <20) 3 1 27.7 4.9 10 157.7¢
<High School graduate 71 1 0.2 0.03t0 1.5
High school graduate 2240 142 0.8 0.7t0 1.1
Technical school or some college 3383 246 0.9 0.7to0 1.1
College graduate/postgraduate 2600 212 Referent -
Previous agricultural injury**
No 7544 522 Referent -
Yes 752 80 1.3 1.0t0 1.7
Hours worked per weektt
0 2097 92 Referent -
>0-20 5069 392 1.0 0.8t0 1.3
>20-40 869 91 1.1 0810 1.6
>40-60 141 11 0.8 0.4t01.6
>60-80 33 2 0.7 0.210 3.1
Number of children on agricultural operationt+
1 1000 75 Referent =
2 2702 204 1.1 0.810 1.4
3 2672 206 1.1 08t 1.5
4 1199 85 1.0 0.7t0 1.5
5 440 22 0.8 0.5t0 1.2
6+ 284 10 0.5 0.2 t0 0.91
Head of household age group9
20-24 7 1 2.1 0.3t0 15.1
25-34 711 27 0.5 0.3t0 1.0
35-44 4464 321 0.9 0.6to 1.4
45-54 2662 222 1.1 0.7t0 1.7
55-<100 453 31 Referent -
Odds ratios (OR) were adjusted for within household correlation using generalised estimating equations,”
excluding level for missing values, and weighted for non-response.” *
*Adjusted for age and sex.
195% confidence interval excludes 1.
$Adjusted for age and state.
YAdjusted for sex, head of household age, and state.
§Adjusted for head of household age and state.
**Adjusted for age, sex, state, and head of household education.
ttAdjusted for age, head of household age, sex, number of children in the household, head of household
education, and previous agricultural activity related injury.
$tAdjusted for head of household age, state, and head of household education.
99No covariates included in this model.

the agricultural operation, which further enhances the
potential burden of injury on the households and agricultural
operations. In general, boys had higher rates for all sports/
recreational categories and subcategories, and, overall,

What is already known on this topic

e Little is known about sports/recreational injuries in
rural populations; data are based primarily on
individual types of associated activity and include only
injury event descriptions

e Estimates from previous studies indicate injury rates of
31-39% of the respective study populations that were
associated with sports/recreational injuries

youngsters aged 10-14 and 15-19 had the highest rates.
These findings are consistent with previous population based
studies.**

What this study adds

o This study adds unique population based data on rural
sports/recreational injuries incurred in a five state
region of the United States; it includes information on
both youth and adults and considers sex differences,
among others

e Findings on the burden of these injuries, involving
signiFicont restricted activity and lost work time, are of
particular importance
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Table 7 Multivariate analyses: personal risk of any sports/recreational activity related
injury among adult (20 years and above) agricultural household members: regional rural
injury study-Il, 1999

No No of
Exposure responded Events OR 95% Cl
State of residence*

Minnesota 1481 20 Referent =

Nebraska 1602 8 0.3 0.1 10 0.81

North Dakota 1651 12 0.5 0.3to0 1.1

South Dakota 1712 13 0.5 0.310 1.1

Wisconsin 1385 11 0.6 0.3t0 1.2
Sext

Male 4008 47 2.6 1.41t0 4.71

Female 3823 17 Referent -

Age (years)§

20-24 542 12 2.1 1.1t0 4.1

25-34 1035 15 0.5 0.2t0 1.2

35-44 3621 34 Referent =

45-54 2216 11 0.5 0.2 to 0.96t

55-<100 417 2 0.4 0.1t0 1.6
Educational Status§

<High school graduate 252 2 1.5 0.31t06.8

High school graduate 3143 17 Referent -

Technical school or some college 2828 35 2.3 1.2 10 411

College graduate/post graduate 1604 10 1.8 0.8 fo 4.1
Previous agricultural injury**

No 5494 40 Referent -

Yes 2323 24 1.4 0.810 2.5
Hours worked per weektt

0 661 5 Referent -

>0-20 2625 19 0.8 0.3102.3

>20-40 1407 10 0.5 0.2t0 1.9

>40-60 1299 13 0.6 0.210 2.0

>60-80 1251 12 0.5 0.1t0 1.8

>80 466 3 0.4 0.11t01.8
Number of children on agricultural operationt

1 2247 19 Referent -

2 2838 28 1.2 0.7 to 2.2

3 1845 12 0.9 0.410 1.9

4+ 893 5 0.7 0.2t0 1.9
Marital status €|

Married/|iving as married 7062 50 Referent -

Never married 584 12 1.7 0.7 to 4.2
Separated/divorced/widowed 177 2 1.3 0.3t0 5.7
Odds ratios (OR) were adjusted for within household correlation using generalised estimating equations,”
excluding level for missing values, and weighted for non-response.” *

*Adjusted for age and sex.

195% confidence interval excludes 1.

FAdjusted for age and state.

YAdjusted for sex and state.

§Adjusted for age, sex, and state.

**Adjusted for age, sex, state, marital status, and highest education level.

ttAdjusted for age, sex, marital status, highest education level, previous agricultural injury, and number of
children in the household.

+1Adjusted for state, age, marital status, and highest education level.

9Adjusted for age, sex, state, and highest education level.

Through multivariate analyses, potential risk factors were
identified. Males and those in the age groups of 10-14, 15-19,
and 20-24 years appeared to be at increased risk of sports/
recreational injury. However, although it is quite likely that
participation in these age groups was greater than for other
age groups, given expected exposures to various sports and
recreational activities, absolute conclusions could not be
drawn from this dataset. A suggestive increased risk was also
found with an agricultural injury history. It is difficult to
compare such findings with previous studies including
multivariate analyses,”*' because those focused on injury
and sport specific types. Additional surveillance and/or
focused studies would enable evaluation of relevant effects
of policies and specific intervention measures based on
identified potential risk factors from this and other studies.

For Nebraska residents, those <20 years were at increased
risk whereas those 20+ years were at decreased risk of injury.
The fact that over 30% of all football injuries were sustained
by Nebraska boys under the age of 20 may account for some
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of this risk, as these injuries had greater consequences than
those for other multiple person sports. Given that over half of
these football injuries resulted in some lost agricultural work
time, further research on the role of football in overall
injuries is warranted.

In summary, sports/recreational activities are an important
source of injury morbidity, and relevant consequences for this
agricultural population include significant restricted daily
activity as well as restriction from agricultural work time.
Results of this study indicate the need for further research,
especially population based efforts, to identify specific risk
factors that provide a basis for development of strategies to
reduce this injury burden on the agricultural population and
relevant operations.
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