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ABSTRACT

ELIAS. 5. R. 10-vear wend in USA Cup soccer injuries: 19881997, Med, $ri. $poris Evere,. Vol. 33, No. 3. 2001. pp. 3a0-367.
Objective: To prospectively document the incidence of competitton-related injury rates in an inteenational youth soccer (GUENAMent
and 1o analvze the type and location of injures by age and gender. Design: A prospective injury report form completed for inju!'ed
plavers presenting to = medical faciliy for evaluation by the medicat stuff. Setting: An international youth soccer tournament occumng
annually during mid-july. Participants: 89.500 soccer players. ages 9-19. Mceasurement™ain Resolis: A ol of 3840 new,
play -rel'atcd injures were evaluated during 250.344 plaver-hours of competition from 1988 through 1937, New., play-related injurifes
per L000-player-hours decreased from 1987 in 1988 10 9.85 in 1997. Femule injusy rates ranged from 2 maximum of 20,11 in 1989
1o 2 minimum of 10.23 in 1906 and the male injury rate ranged from a maximum of 20.04 in 1988 10 a minimum of 7.60 in 1996, The
Jpwes! injuny rate oceurred in the under-19 females € 100631 and highest rates oceurred in under-16¢17.68; and under-135 1 16,92) femules.
Heat illness comelated with mean iemperature. The aggresate vate of heat iflness was 0.6 cases/1{00 player-hours under “narmal”
condilions compared to u rate of 2,8/1000 player-hours during “hot” years. Conclusions: Injury rates for both genders, dechned over
the 10yr span of the USA Cup stdy, The aggregate rate of injury was slightly higher for females than males although the difference
between male and fomale rates became less significant o the tournament matured. In conditions of extreme hea and humidicy (1988
and 1995 the rate of new. heat Hiness incredsed compared with normal years and females were 1.6 times more likely to sustain heal

fliness than males, Key Words: YOUTH. TOURNAMENT. HEAT. AGE, GENDER. EFIDEMIOLOGY

he USA Cup Soccer Tournament. patterned after the

Norway Cup Soccer Tournament. was started in 1983

by the Sons of Norway in Minngapolis, MN. Since the
inaugural vear with 68 wams, the USA Cup has grown into the
fourth largest international youth tournament in the world with
over 800 teams from 23 countries participating in age groups
under-12 to under-19. All games are played at the National
Sports Center/Blaine Soccer Complex, which has 55 fields on
one site. The zames are scheduled from & a.m. through 9 p.m.
during the 6-d event occurring annually in mid-Tuly,

Injuries occurring during the tournament were evaluated at a
central medical facility swaffed by volunteer medical personnel.
The medical staff was comprised of an interdisciplinary group
of physicians, athletic trainers, physical therapists, podiatrists.
and nurses. A field staff of paramedical personne! managed
on-field triage and ransport. Most of the injuries were evalu-
ated and treated in the on-site medical facility. Patients who
required more extensive evaluation and treatment were trans-
ported to nearby hospitals. Radiology services were added 1o
the on-site factliry in 1992,

Starting with the second vear of the tournament in 1986,
injury records were kept 1o allow stavistical analysis of
injury type and rate. Medical records captured any tourna-
ment play-related event thai resulted in admission to the
USA Cup medical facility. Injury rates were normalized fo
units of 1000 plaver-hours of toumament competition, The
rates of newly acquired injory doring USA Cup competition
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were calculated based on review of medical records and
were used 10 profile the type and risk of injury.

The purpose of this paper is to present the rate and
distnbution of injury allowing for comparison with statistics
from other soccer tournaments.

METHODS

Competition at the USA Cup tournament was divided into
two phases in World Cup fashion with group play followed by
single elimination playoffs. The group-play phase oceurred
during the first 3 d of competition with three to four teams in
each group; each team played one same against the other teams
it the group. Every team played a minimum of three games
during the group phase. (Groups that had only three reams
played one game against a team from another group.) The top
two tearns in each group advanced to the A-level playoffs, the
third place reams advaneed to the B-level playoffs. and the 4th
place eams advanced to the C-level playoffs.

All tournament games were played under FIFA rules with
up to 18 plavers rostered per team. Unlimited substimitions
were allowed in the 14-and-under age groups and younger,
Teams in the older age groups were allowed a maximum of
five substiutions per game. and no player was allowed 1o
reenter the game once replaced by a substitute. Duration of the
games varied by age group from 50 to 90 min. Game durations
were shortened for conditions of extreme heat and humidity in
1988 and 1995, Quarterly water breaks. unlimited substitutions
within all age groups and shortening of game times were
phased in according to severity of heat stress. In 1997, pames
were shortened during the first two days of the tournament after
flooding limited the number of playable fields.

Patient visits 1o the USA Cup medical facility were docu-
menied using a paper encounter form to record demographic



and clinical information, The form remained reladvely un-
changed over the 10-yr span reported in this article. Parients
presenting for care were identified as players, coaches. refer-
ees. staff. or spectators. Demographic datz included home
address, tearn identification, age. DOB. and gender, Teams
were classified info groups of age and gender. e.g.. under-16
male. Encounters were classified ax NEW, FOLLOW-UP, or
OLD. The NEW designation was reserved for those visits in
which the presenting problem occurred during the current USA
Cup rournament competition. The FOLLOW-UP ficld was
checked when patients returned for reevaluation or treatment
related to problem identificd during a visit to the medical
facility earlier in the week, When players presented with a
preexisting problem such us an injury that occurred betore the
USA Cup. OLD was checked. These designations were not
mutually exelusive: it was possible to characterize an encounter
as betng both NEW and OLD if a patient presented with a new,
tonmament-related injury with a history of o preexisting and
related condition. Although it was possible to record time of
imjury and field where the injury or problem acearred, this
information was not always reliably reported. Clinical infor-
mation was repotted in a standard subjective, objective, assess-
ment. plan form&t.

Each year a separare database was maintained. Mariniosh-
based database applications were employed: OMNIS 3 (1988—

1902), -th Dimension { 1993, 1994), and, most recently, Fiternaker
Pro ¢ 1993-1997). Each patient visit penerated a separate entry into
the dambase, and each paper record was stored with a unique
sequence number in the database. Starting in 1995, wam D dam
enabled a link to team regisration intormation imported tor each
plaver. In 1996, real-time repistration was implemented: patient
demographic data was direct]ly entered when the patient presented
to the medical facility. Diagnoses were recorded both in a thee-
torm sarmkive tield and also coded using a scherne that coded both
the tvpe and anatomic location for the injury. Multiple diagnoses
could be assigned to each encounter. A MEDICAL field idemitied
visits primarily devoted to medical problems soch as asthma,
roshes, upper respiratory infections, and gasmoenterits, These vis-
its were not labeled as NEW., play-related probicms unless the
emedical problem occurred during competition. For examnple, heat
exhaustion, cramps. hyperventilation and exercise-induced asthma
could be labeled as both MEDHCAL and NEW. Injuries were
classified acconding to the following categones for anatomic lo-
cation: head and neck, trunk (chest including clavicles, back.
abdomen, genitalia), upper cxwemiry (distal W acromioclavicular
joint including shoulder joint), and lower exwemity (buttocks.
thighs. and distal structures). Blisters wete excluded from lower
exwernity classification. Multiple injury sites were specified when
injuries extended beyond a single location category.

An on-site x-ray facility was added in 1992, X-rays were
reviewed by a radiofogist at a nearby hospital: results were
subsequently recorded in the database. Follow-up reports from
local emergency rooms were also entered into the database al-
though the avatlability of this informarion vared from vear to vear.

Injury rates were calculated with 2 denominator of 1000
player-hours of teurmament competition. the standard utilized
in repotting results from the European soccer tournarmerits.
Player-hours (PH) were determined based on tourmament
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records provided by the USA Cup adminisiration. Sources of
data included schedules reported in program books and scheg-
uling reports directly obtained from tournament operations,
From 1995 through 1997, game times were determined using
a grid which listed each game by date, age group, and time slot,
Calculation of player-hours reflected changes made © playing
time upder conditions of extrems wenther.

On-site measurements of ambient and black globe temper-
ature were made in extreme conditions and intermittenty
throughout the USA Cup tournaments. Black globe (BG) tem-
perature measurements were made using a homemade appara-
tus allowing for a measure of radiant heat from the sun,
Ambient temperature (dry butb: DB) and relative hurnidity data
were obtained from the National Weather Service and used to
estimate the wet bulb {WB) temperarure (from Relative Hu-
midity and Dew Point Table, U.5. Department of Commaerce,
WSTA B-0-6D. 5-72). These data enabled a calculation for
the Wet Bulb Globe Temperature: WBGT (°F) = 0.1 * DB +
0.2 * BG + 0.7 * WB. This index, based on contribution frorm
ambient temperature, mdiant heat from the sun and humidity,
is considered the standard for quantfying heat stress,

National Weather Service monitoring provided a more con-
sistent and accurate record of climactic conditions from year to
year during the 6-d span of USA Cup competition. Based on
hourly measurements of dry bulb, wet bulb temperatures and
relative humidity reported from the Minneapolis-5t. Paul In-
ernational Airport, it was possible w0 derive estimates of
WBGT for the USA Cup site locuted approximately ) miles
north of the airport. Although airport measurernents inclucded
cloud cover, there were no direct measurements of black globe
temperature, allowing no direet calctlation of WBGT. This was
circumvented by the recent efforts of Coyle (4), who developed a
me:thod for conversion of airport monitoring W playing field as-
tirmates of WBGT (Airport Cormrected Estimate: “ACE-WBGT™.
The ACE-WBGT estimate provided a consistent method for com-
parison of heat stress from 1988 through 1997,

RESULTS

From 1988 through 1997. 5373 teams played 13.643
games for 290,344 plaver-hours of USA Cup competition
{Table 1). Within this 10-vr span 3811 patients were seen in
the USA Cup medical facility, A total of 3840 visits were
classified as new. play-related injury acquired by soccer
players during tournament play. Over this same 10-year
period, it is estinated that the USA Cup was attended by
89,500 soccer players. 10.700 coaches, 3500 referees, 5300
volunteers, 53.500 parents, and 21.400 spectators.

When analyzed by anatomic location the majority of
injuries (65.5% ) cccurred in the lower extremity with ankie
sprains being the meost frequent injury. Head and neck
injuries occurred in 13.6% of injured sites. Upper extremity
and trunk injuries made up 12.3% and 8.6%. respectively.
See Table | for numerie data on rates of new, play-related
injuries classified by anatomic location. Injury rates for
concussion, heat illness. and fractures are also dispiayed.

Head and neck injuries displayed a downward trend from
1938 10 1997 (Figure 1.2} with a decrease in value from 2.09
to 1.07 new, play-relared injuries per 1000 PH. However,
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TABLE 1. Injury Rate (Encounters/1000 Pl-Hrs).

AGGREGATE DATA:
9681997,
Tolal reuate Halio wF
1986 1980 1990 1851 1962 1983 1934 1995 1996 1947 Slope Number Hale®

Total Teams 262 316 406 412 496 584 B56 664 204 T84 5373 Total Teams
Male Teams 172 204 258 72 0 380 4D 396 506 474 3370 Malg Teams
Female Teams gh 112 147 140 176 rad 248 268 298 310 2003 Female Teams

Al Game 518 BB 1053 1063 1254  14BB 1623 1637 2080 18G9 13643 Total Games
I.'Iualae gzma: 422 £BR 693 720 622 aoe 1012 080 1311 1154 BBAE Male Games
Female Garnas 196 290 3ab a4 432 552 Bi1 657 764 775 4985 Female Games
Total P-Hrs1000 13887 20066 23641 223083 26386 30771 33.095 31.21B 47.73% 40964 300 290.344 Total PI-Hrs/A1000
Male Pi-Hrs/1900 9382 15454 15490 15.045 17.270 19122 20629 1B.657 0140 24904 176 184.083 Male Pi-Hrs/1003
Female PI-Hr3A 000 AGDS 6812 8151 7038 9116 11.649 12467 12561 17,593 16.0680 1.35 106.251 Female PI-Hrs1GaG
Totar Encounters” ITHT  P0SE 2381 2462 2361 MAO4 2076 2114 1410 1648 —1.06 3911 20.36 0.08 Taial Engounters
I\.?ale Encaunters’ 2814 1568 2247 P433 2328 2374 2201 208 13 1666 —0.78 3723 023 Male Encaunters
Famale Encounters™ 2750 3024 2638 2521 2424 18687 1868 1974 1557 1619 =1.58 2136 20,57 Female Encouniers
Tatal New, Play” 1og7 1405 1607 1693 1516 1469 1305 1382 B57 049 —0.93 3840 13.23 040 Total New. Player
Male New, Plai!' 2004 11.00 1420 1642 1540 1558 1260 1391 7.60 920 -0.83 2337 1269 Mala New, Player
Femala New, Play” 19,53 2071 1863 17.99 1470 1322 1380 1353 1023 1088 —1.16 1303 1445 femaie New, Player

i /Neck™ 2.09 1.78 173 246 1.87 1.92 175 1.31 1.2 1.07 -010 475 1.64 0.8g Total Head/Neck
Enoatlaa Hgggil\iack' 1.80 145 155 473 187 208 145 118 1826 Q86 -—0.08 288 1.56 Male Head/Neck
Female Heaa/Neck” n 235 204 1.9 197 163 228 1B 1.25 1,26 016 187 1.76 Fermale Head/Neck
Total Congussion® 014 005 02 D4d  0D2% 032 027 019 A1 0y 0 M .24 147 Total Goncussios
Male Songussion™ 011 o007 015 066 029 D47 015 D16 030 028 o0 B 0.28 Male Concussian
Femzie Comcosaon 022 0.00 625 014 G011 D08 048 024 D06 026 001 20 019 Female Conousslon
Total LUE" 137 143 161 240 145 198 145 122 103 134 =005 432 148 1.04 Totai LE
Male LE* 1.17 1.11 168 252 162 248 116 1.34 073 141 -0.04 273 1.51 Male Ut
Fgrnale UE~ 178 2.06 1.47 1.64 1.21 1.20 193 096 143 1.26 —D.06 154 1.45 Femaie UE
Tatal Trunk® 1.22 1.04 1.14 1.38 193 1.35 1.03 1.06 (.48 054 —0.07 300 1.08 1.06 Totat Trank
Male Trunk” 137 082 1.03 126 197 1.62 1.07 128 036 pegd -005 1584 105 Waie Trunk
Fernaie Trunk™ 1.58 1.47 1,35 1.64 186 0BG 0.06 D72 068 044 -012 16 1.00 Farmale Trunk
Towl LE- 11.81 804 1053 1006 Q10 B.97 8.40 673 A3 578 —D0AR9 2295 7.80 0.96 Total LE
Male LE” 13.43 B84 g7 904 Q15 8i0 873 729 444 74 ~059 1435 7.79 Male LE
Femaln LE® 844 1042 227 1213 a0 g76 788 589 597 6.29 -0.55 86D 8.08 Female LE
Total Knee® 418 232 R¥s 277 246 224 1.87 169 149 171 —-022 &19 213 0.74 Total Knge
Wale Kree™ 4.69 1.78 213 239 237 2M 175 150 108 147 =024 348 184 Mala Knea
Female Knee" K3 338 3s 34 263 258 209 175 222 218 -019 271 255 Female Knae
Totai Sprain Ankle™ 217 25 245 232 178 182 275 1.73 1.26 1.56 015 577 1.99 0.68 Total Sprain Anide
Male Spram Anklg™ 241 1.64 1.94 1.66 1.80 167 257 150 0596 1.20 -0.15 312 1.69 Male Sprain Ankle
Fernale Sprain Ankle® 266 426 344 3.68 1.76 206 305 207 176 212 -0.19 265 2.49 ;eTiaie Sprain
NKig

Tata! Heat® 285 133 072 049 D.23 036 027 3N 0.38 pos 006 272 0.94 0.44 Total Heat
Male Heat™ 2.03 058 032 0.20 D.23 0. 024 247 0.23 pDEE -0.02 118 0.64 Mazle Heat
Fernale Heat” a7 LTY 147 109 022 068D 082 406 063 143 015 184 1.45 Famale Heat
Tatal Fracture” 0.22 010 042  D4G D& 094 089 DE6 044 052 008 164 0.56 1.48 Total Feacture
Male Fragture” 14 0.07 0.45 0.53 023 131 0.68 108 053 0.38 0.08 118 0.64 Male Frastura
Female Fracturs™ 022 015 037 D14 {82 03 072 064 028 012 0N 0.43 Femate Fracture

the rate of concussion remained relatively stable with a
mean rate of (.24 Most concusstons were mild to moderate
vsing the Cantu scale of classification.

Lower extremity injuries also showed a downward
trend with values deereasing from 11.81 in 1988 to 5.6
in 1997 (Fip. 1.3) with ankle sprains declimipg from 3.17

e 1.36 (Fig. 1.4) and knee injuries declining from 4.18 w0

L71 (Fig. 1.5).

As the USA Cup tournament grew from 252 teams in
1988 10 a high of 804 teams in 1996, the rate of new,
playv-related injuries for all soccer players decreased from
19.87 to 8.57 per 1000 PH (Fiz. 1.1). For females, rates
declined from a maximum of 20.11 in 1989 10 a minimum
of 10,23 in 1996. In males. rates declined from a maximum

of 20.04 in 1988 to a minimum of 7.60 in 1996, The 1996
tournament was the largest USA Cup to dare. with 804
tearms and 47,733 PH. In 1997, the number of teams de-
creased to 784 with a total of 40.964 PH,

When encounter rites were anatyed (Table 2) for specific
ape eroups (U-19, U-16, U-14, and U-12). a wider variation
was apparent compared with rates based on gender alone
without age stratification. For each group of age and pender,
the vearly number of new, play-related encounters was totaled
and divided by the total number of plaver-hours to yield an
aggragate encounter rate for the 10-yr span of compertition, The
lowest agprepate encounter rate for new. plav-related encoun-
ters occurred in the under-19 femnales (10.64/1000 PH) rate
followed by rates for under-12 males (11.22) and under-14
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rales (11.81). The highesi rates occurred in the under-16
(17.68) and under-14 (16.92) female age groups.

The anatommic distribution of injuries was also reported for each
age group. Table 3 lists the number and rate of new. play-related
injuries: highest and lowest rates for each gender are displayed
in bold and italic. respectively, These data suggest that hish (or
low) injury rates within 2 particular age group are reflected by
high rates at multiple anatomic sites. For example. the low
aggregate rate of injuries for under-19 females represents the
lowest rates for head and neck, upper extremity. trunk, and
lower extremity injuries for all femnale players. Similarly. ua-
der-12 males have the lowest rates at moltiple sites consistent
with an aggregate low rate for male players.

TABLE 2. Injury Rate {Ergounters/1000 Pl-Hrs).

The aggregate rate of heat illness (heat exhaustion, hyper-
ventilation. heat cramps) for the entire 10-yr span of the smdy
was 0.94 cases per 1000 PH in the period berween 1988 and
1997, No cases of heat stroke were documented, Females
showed a greater tendency for heat illness with a rate of | 45
compared with an aggregate rate for males of 0.64 (Table 1).

Conditions of extreme heat und humidity were a significant
problem in 1988 and 1995 Climactic data obtained from the
National Weather Service at the Minneapolis-St. Paul Interna-
tional Ajrport showed that aithough 1988 was hotter than 1995,
1995 was more humid. The average mean daily ambient (dry
bulb} temperature was §3.3°F in 1988 (range; 67-99°F) and
81.3°F in 1995 (range: 66-101°F). Average humidity was

Year 1988 1989 1990 1991 198z 1803

199fl 1085 1995 1997 Slope  Talal  Aggregala Rank

Under-18 Male 12,95 769 12,98 15.76 17.77 14,55
Under-16 Mate 24 13.490 17.14 18,71 17.34 19.12
Under-t4 Male 18.04 8.50 14.31 1727 12.88 16.47
Under-12 Malg 2532 16.69 11.63 149 127 9.27
Tatal Mala 0.4 100 143 16.42 1540 1558

Under-19 Female 10,36 7.18 11.81 1075 13.33 899
Unger-16 Female ~ 22.37 18,80 19.62 19,98 16.86 14.27
Under-14 Famzgle 34.89 35.18 30.99 2196 1211 17.56
Under-12 Female 12.22 a8.57 1210 20.89 1781 11,04
Total Female 19857 2N 1975 17.99 14.70 13,22

14.32 1813 8.58 10.58 -0 618 13.46 3
13.93 17.71 8987 10.63 -18 a0g 16.06 B
11.49 8.56 €.69 6.85 -14 542 11.81 3

9.33 12,35 343 4,84 ] Kl 11.22 2
1260 1351 7.60 8.20 =08 2339 15.39

1263 8.74 11.03 6.54 ~{.1 250 10.64
16.64 22.29 1287 1397 -0.7 531 17.68
16.76 11.45 9.28 1262 -3.0 4749 16,92

8.65 1228 6.68 9.31 18 204 12.64
1340 1353 1023 10.96 =12 1504 14.78

-y go =
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TABLE 3. Distribution of injuries by anatpmic location, gendsr and age group.

Male ‘njury Rates

# Injuriss [1988~1597] [per 3000 PH)
Male U1z HE] U1 114 )7 utd U1E U1 Range Male Rata
a9 80 1.48 1.29 1.85 1.59 1.28-1.85] 1.58
Heégncussiun 42 Bg 22 16 0.1 0.14 041 0.32 0.14=0.41] 0.28
UE 36 80 b2 &0 1.24 1.76 172 .18 1.18-1.76 1.51
Stouldar 5 g 26 20 017 018 0.43 0.40 0.13=0.4% 0.3
Tronk 22 66 BS 4 0.76 1.2¢ 1.22 0.81 0.8%1.70 1.0%
LE 180 62 435 408 B6.18 7.07 9.08 a3 §.01-5.75} 7.7e
Thigh 32 77 17 8 110 150 219 15 0.83-1.85] 165
Knee 57 76 118 a7 1.96 148 2.1 1.83 [1.48-2.21 1.89
Leg 25 .| mn 63 0.86 113 1.3 1,25 [D.BE-1.31 1.36
Ankle 45 85 123 124 1.65 1.85 .53 2 48 [1.65-2.53 2.18
Foot 24 B0 0% 57 0.52 1.17 1.03 1.13 0.82-1.17 1.06
Total LE 186 aeg? 485 408 5.18 7.07 4.08 8.1 §.01-8.75 779
Blister B B 17 0 021 o2 032 0.40 0.12-0.40 027
Fl-Hr5 1000 2814 51,23 . 53.40 50,33
BOLD: highest rate for U12-U18 males: ITALIC: jowest rate for U12-U19 males
- female Injury Rates
¥ Injuries [1986-1097] iper 1000 PH] Femals
Femala Uiz U4 Uté u19 12 4 16 18 Range Rate
7% 52 2 189 256 187 076 [0.76-256] 1.76
Heggm:ussmn 2? 6 12 1 0.06 0.20 0.38 0.03 0.03-0.38) 018
UE 30 54 30 20 1.8 1.84 1.59 069 0.69-1.84] 1.45
Shoulder ] 11 g 3 0.24 0.3 019 a.16 [0.10-0.38) 0.28
Trunk 14 41 a5 16 0.B5 1.40 1.1 (.55 [0.86-1.74] 1.0
LE 110 252 327 171 £.65 480 10.41 290 5.79-10.28] 8.08
Thigh 12 33 3B x| a7 113 1.1 0.78 0.80=-1.08) 1.00
Koge 43 82 9B 50 260 2.80 3.05 1.72 1.72-3.08] 2.95
Leg 12 27 krd 28 a7z 0.92 1.18 Q.87 0.73-1.18] 0.88
Ankle a3 94 124 57 1.89 3.21 3.85 1.47 1.87-3.95] 2.90
Foat 13 19 35 16 0.79 0.65 1.2 058 0.55-1.21] 0.81
Total LE 110 252 327 17 685 880 1.4 580 5.78-10.28] B.09
Blistar 16 18 13 0.24 0.55 0.60 D45 10.24-0.60] 0.4
PH-HrsA000 16.58 29.29 31.42 28.99

BOLD: highest rate for L12-U19 females; iTALIC: iowest rate tor B12-U19 femates

61.7¢ in 1988 and 71.5° in 1995, Average cloud cover was
similar for both years: 0.4 in 1988 and 0.5 in 1993,

O site measurement of wet bulb globe emperarure (WBGT)
revealed nearly identicat indexes of heat swess for both years,
WEBGT were based on measurements of dry bulb (ambient) and
back globe {radiant} temperatures over the first 4 days of each
urnament. The average value for WBGT from 10 am. through
4 pm. was 83.7°F for both 1988 and 1995, Only the first 4 of 6
days were compared because conditions moderated over the last 2
days for both vears and on-site data collection was mcomplete,
When comparing the average hourly ACE-WBGT for the same
daytime, 4-day periods as specified above. the value was 87.9° for
1988 and 85.2° for 1995, For the entire span of the G-day event, the
value for 1988 was $4.4° compared wath 84.0% for 1995, Values
for average ACE-WBGT for the other § vears range from a low
of 70.1° in 1992 to 79.17 in 1997,

During the “hot™ years, 1988 and 1995, the average rate of
heat illness was 2.85: females were 1.7 times more likely to
sustain heat illness than their male counterparts (3.92 female/
225 male). Under “normal™ (moare moderate) conditions dur-
ing the remaining 8 vears, the average mwe of heat illness was
059 and the female/male ratio was 3.2 (1.07 female/0.34
male). When the yearly rate of heat illness (1988 -1997) was
compared with average mean temperture for the USA Cup
site each year during the wecks of the tournament, a correlation
of 089 was obtained. No significant -carrelation was found
between the rate of new, play-related encounters and average
mean ambient temperature (comelation: 0.12).

Statistics from USA Cup 1988 indicated 36 cases of new,
play-related heat illness out of a total number of 276 new,
play-related visits. The rate of heat illness was 2.39 visits
per 1000-player hours, The ratio of female to male play-
related heat’iliness rates was 1.9 (3.77 female/2.03 male).
Analysis of the distribution of heat injuries by age group in
1988 showed that under-16 and under- 14 females sustained
the highest rate of heat illness with rates of 7.20 and 6.49
respectively. The highest rate for males was 4.67 in the
under-12 age group. The under-12 and under-19 females
had the lowest rates of heat illness: 0.00 and 0.38 respec-
tively, followed by under-19 males: 1.36 (Table 4).

In 1988, playing conditions were modified to reduce the
risk of heat illness, although these modifications were not
implemented until the third day of the tournament. Modifi-
cations included reduction in playing time, mandatory water
breaks and unlimited substitutions. In 1995, similar changes
were instituted earlier because of contingency planning for
extreme heat and humidity atthough length of play was not
reduced since regularly scheduled games were already
shorter in comparison with 1988,

In 1995, a wtal of 141 eawes of heat floess (heat exhauston,
hyperventilation, cramps} occurred out of a total number of 660
patient visits to the medical facility. This total represents visits
from all patients—coaches, staff, spectators, parents, and soccer
players. Soccer players sustained 97 new, play-related cases of
heat exhaustion accounting for 23% of the total of 422 new.,
play-related problems. The new. play-relaicd rue of heat iliness
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TABLE 4. Heat tiiness [Heai exhaustion. Hyperventilatian. Gramps) 19.BH. 1995,

38 N, PI Ht 88 Rafe* B3 Rank 95 N, PI Hi 95 Rate* 95 Rank

Uto Male 4 1.6 1 5 1.16 1
U6 Male 5 1.66 3 14 2.88 3
U14 Male 3 1,54 2 12 205 2
{12 Male 7 457 4 15 412 4
TOTAL M 19 203 46 2.47

119 Femaie 1 0.58 2 7 21 1
U1§ Female 9 6.49 k! 15 4.94 3
U14 Famale T 7.20 4 16 418 i
U132 Famale 0 0.00 1 13 8.1 [
TOTAL F 17 3.7 Bl 4.06

TOTALM +F 3 2.59 a7 3.11

" Encounters/ 1008 Pl-Hrs,

was 3.11 per 1000-PH. Females sustained heat Ulness with a rate
of +.06—1.6 times the male rate of 2.47 cases per 1000 PH. For
both male and temale players, the under-12 age group sustained
the greatest rate of heat illness with a value of 5.51 for females and
4.12 for males. The lowest rate of heat illness occurred in the
under-19 age group: 2.11 for fernales and 1.16 for males {Table 4),

The incidence of heat illness was analyzed by geographic
distribution for the 1995 USA Cup toumament. A total of 37
cases of heat illness occurred in teams from latitudes greater
than 40° from the equator (rate: 3.42 pew, play related heat
iliness/1000 PH)} with the remaining [Q cases occurming in
teams from warmer climates from latitudes less than or equal
to 0" {rate: 1.74 new, play related heat iliness/1000 PH) (Table 5).
When analyzed by gender. heat itiness occurred with a rate of 2.71
for males from latitudes greater than 40° compared with 2 mte of
1 64 tor males trom warmer lattudes. In females, the rate was .33
from latimdes greater than 40° compared with a rate of 1.47 from
warmer lantudes. Generally, e rate was higher within each spe-
cific age group for wams from cooler climates, A notable excep-
tion was 2 mte of 22,0 for under §2 females because of two cases
occurring in female players from Litdeton, CO. where the climate
is cooler due o higher altiude,

DISCUSSION
Youth Tournament Studles

The Norway Cup, held annually during the first week in
August, is the largest international youth soccer roumament.
This six-day event served as a model for the development of
the USA Cup with comparable age groups and competitive

TABLE 5, Geographic distributon of heat ilness

forrmar, Table 6 compares Norway Cup injury staiistics with
data from the USA Cup and the Bluegrass Invitational
Soccer Tournament in Lexington, Kentucky.

Three studies are Cite:;tl‘ dbéuiﬁcnting a decline in Norway
Cup injury rates from 1975 through 1997, Injury rates were
first published by Nilsson and Roass (10Y in 1978 for
tournaments in 1975 and 1977. They reported mean injury
rates of 23.0/1000 PH in boys and 44.0/1000 PH for girls.
{When minor skin abrasions and blisters were excluded
from the analysis, the injury rate decreased to [4 for boys
and 32 for girls). The mean injury rate for both genders was
not reported. Maehlum. Dahl, and Daljord (3) studied type
and frequency of injury in the 1984 Norwiay Cup with o total
of 1,348 teams (1,016 male and 332 female) playing 3001
games with 35,154 player-hours. The mean injury rate for
males declined to 2.9 injuries/1000 PH while the rate for
temales declined to 17.6 injuries per 1000 PH. The overal|
mean injury rate was |1.7. Injuries were classified by type
and anatommic location: 680% lower extremity. [ 7% head and
neck, and 14% upper extremity. Forty-seven percent of the
injuries were contusions with 22% sprains, 18% lacerations,
and 6% Ffractures. The most recent study, conducted by
Maehlum, Daljord and Hansen (9) in 1999, reported tnjury
statistics from the 1993 and 1997 Norway Cup tournaments
and showed a further decline in injury rates.

Kibler (7Y analyzed injuries occurring in the Bluegrass In-
vitational Soceer Tournament held in Lexington. Kentucky, in
late May over a 4-year period from 1987 through 1990, Sta-
tisties reflected an aggregute of 180 zames and 74.900 PH. An
injury rate of 23.8/10.000 PH was reported. Injuries were
classified by degree (severity) of idjury, site of injury. type of
mjury, and playing status. Sixty-two point tive percent of the
injuries were classified as mild. The lower extremity was the
most commeon site of injury (21 thigh, 15.8% knee. 137 ankle,
and 12.8% foot). Eight percent of the injuries occurred in the head
and neck region, and 10.9% mvolved the worso (abdomen. spine.
and genital areas), Injury type included 32% conmusions, 24.5%
rmuscle swains, 21.8% sprains, 95 tfmctures. 1.5 concussions,
and a 4.5% rate of heat ifiness. Thirty-seven percent of the injurics
allowed retum to play; 43.7% retumed to play with interventon
and 19.3% missed the remainder of the tournament.

The USA Cup definition of injury included amv competition-
related event resulting in a visit 1o the medical facility. Rates were

i All Taams Teams = 40° Latltuds ] Teams = A0° Latitude
Pl-Hrs $Cases New,  Rate # Cases New,

_ Aga Groupg Pl-Hrs Teams # Teams =40° Play Heat =40° # Taams Pl-Hrs =40* Piay Heat Rate =40*
119 Maie 330 43 29 1.04 0 0.00 53 326 5 153
U16 Maie 4% 100 21 1.02 3 294 7 384 11 287
T4 Male 58 128 28 1.28 1 6.78 100 458 1 240
12 Male 364 82 29 0.93 3 32 81 27 12 343
TOTAL MALE 1866 393 9 4.27 7 1.64 302 1438 39 27
119 Female 332 B4 g 0.47 0 0.00 55 2.85 7
U1G Female 304 B4 g 0.28 g 0.00 58 275 15 Ejg
014 Female 384 8 14 0.64 1 156 70 3.20 15 458
012 Female 2.36 5 2 0.09 ? 22,02 50 297 1 454
TOTAL EEMALE | 1288 264 kY 1.47 3 2.0 233 11.08 48 4.3
TOTAL M + F ne e 121 575 10 1.74 536 25.47 87 3.42
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reparted per 1000 hours of USA Cup competition allowing for
comparison with injury r1es in other similar studies, Seventy of
injury was not recorded. The 10-vear span of the study, lack of
consistent standards for definition of severity, and a large number
and varicty of medical personnel involved in delivering can: made
a uniform assignment of severity impractical. Post-tournament
follow-up, which would have allowed for 2 more procise assess-
ment of diagnosis and plaving status after injury, was not carried
ot due to limited resources and larpe number of injured partici-
pants,

USA Cup stadstics show a downward trend in the rate of
new, play-relsted encovnters in the interval from 1988
through 1997. Injury rates are now consistenl with those
reported from the European tournaments. Most recent sta-
tistics from the Norway Cup show a similar downward trend
in injury rates and also reveal an injury rate for females
slightly higher than the rate for males.

The lower extremity was the most common location far
injury (64%) followed by head and neck (14% ). upper extrem-
ity (1262}, and trunk (10% ). The overall distribution of injuries
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TABLE B. Youth tournament studes.

Number Mean Injury Mals Injury  Female injury
Toumament Yeans} Games Numbier Teams Player-Hours Rate/1008 PH  Rate/1000 PH  Aate/1000 PH Study (Ralerance) _
Nerway Cup (Oslg, 1975, 1977 2047 1544 NR (not reported)  NR 23.0 (14.0} 44.0(32.0) - - Nilsson, Roaas 1873 (10
Norway) .
Y (excluding blisters, minar
abrasions}
Narway Cup 1984 3001 1344 35,154 1.7 9.9 178 Maghlsm. Dahl, Daljord
1984 (8}
{1016 M, 332 F
Norway Cup 19493 MR NR 38.036 7.7 7.6 a1 Meahlum. Datjord.
Hansen 1939 |9}
Narway Cup 1987 NR NR 40,778 73 6.8 a.3 Meahlum, Daljarg,
Hanszen 1999 (8}
Bluegrass (Lexington, 19871890 B¢ NR 74,900 2.38 NR NR Kibfer 1893 {7)
KY)
USA Cup (Blame. MNY 19887997 13643 8373 290,344 1.23 12,68 14,15 Elias 20071

[3370 M. 2002 F]  {20,266-47.733]"

[857-19.87)7 [7.60-20.04]" [10.23-20.11]"

" Range: min-max,

by anatomic locution was consistent with statisties from the
Norway Cup. Review of individus encounters during the en-
tire span of USaA Cup competition reveals that severe injuries
were limited to fractures. concussions, ACL and meniscus
tears. as well as rare spleen and liver lacerations.

Gender and Susceptibility to Injury

USA Cup analysis shows that females sustain fractures and
concussions at lower rates than their male counterparts but
have a greater rate of knee injuries and ankle sprains, Femnales
are also significantly more vulnerable o heat illness during the
years of signiftcant heat stress. As noted above, overll female
injury rates during U8 A Cup participation are graater than rares
for males. The difference in rates. is becoming less significant,
possibly due to improved condidoning and greater experience.
‘There are also gender differences in style of play, which might
play an important role in susceptibility to injury. Furthermore,
there are physiolagical factors discussed below in the context
of specific types of injury.

In a retrospective 1997 study (2) of ACL injuries in Nor-
wesian soccer plavers the incidence for women was 0,10
injuries per 1000 game hours and the incidence for men was
0.057. In 1998 Waoitys (12} reported anterior cruciate injuries
four to eight times higher in women than men and tound a
significant statistical association berween stage of menstrual
cycle and incidence of ACL injuries. Tn a 1997 review article
on female athletes ( 11), muscaloskeletal injuries in sports were
not considered w be gender specific while acknowledging the
increased prevalence of ACL injuries in women soccer and
basketball players. Huston and Wojtys (6) analyzed neuromus-
cular performance characteristics in elite female athietes and
demenstrated differences in strength. endurance, and laxity.

When history of concussion was evaluated for alite soceer
players in 1998 (1), it was predicted that male players had
odds of 30% of sustaining a concussion within a 10-year
period whereas temale players had odds of 22%. Men had 8
risk 2.26-fold higher risk of sustaining a concussion. In this
survey of 72 men and 7! women. men sustained more
concussions (74 male: 38 famale). Male concussions were
mere severe and men were more likely to sustain multiple
concussions, Men reported different symptoms than women
and these differcoces were attributed to “women's smaller
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mass, greater ball-to-head-size ratio and possible lesser neck
strength, as well as a subjective impression that there g
mare heading in women's games than in men’s.”
Endocrine status is another important factor distinguishing
males from females although the impact on performance retoning
10 be defined. Both endogenous and exogenous hormones impact
cardiovascular, respiratory, and metabolic physiology. but are felt
to have a “munimal tnpact” at the recreational level (3). In 1988,
Carpenter (2) reported that “endogenous hormones subtly aleer
wormen's response to heat stress.” At higher levels of competition.
especially under conditions of exireme heat and hutmidicy. this
may be at least one important factor explaining the incrensed
fermale incidence of heat illness scen in USA Cup competition.

Age :

When USA Cup rates are analyzed by age and gender
(Fig. 2) it is apparent that the decrease in female encounter
rates in the under-16 and under-14 age brackets contributes
sigaificantly 1o an overatl downward trend in injury rates.

Analysis of age-stratified injury rates in the USA Cup study
show that the under-19 femnales have beren consistently low
(10641000 PH) even during the early years of the study
(Table 2, The next lowest group was under-12 males (11,2
1000 FH). The under-19 female group may have had a longer
experience with soccer competition and play with more skill
compared to younger plavers. The low rate in under-12 males
is likely explained by lower body mass and possibly less
aggressive style of play compared to older males,

The highest aggregate injury rates occurred in under-16
(17.68/1000 PH) and under-14 female (16.92/1000 PH) age
brackets. This may reflect differences in degree of condi-
tioning and experience. The overall downward wend in
temale injury rates (slope ~ 1.2 new. play enc/1000 PH per
year) was influenced by decreases in these age groups.
Under-{4 females showed the most dramatic downward
trend (slope —3.00 from 1988 through [997: under-12 (slope
—1.8) and under-16 (slope —0.7) fermales also demonstrated
less significant downward trends. One explanation for these
trends might be improved conditioning and greater involve-
ment and experience with soccer within this span of time.

Injury rates for males show a similar downward trend (slope
—08& new, play enc/1000 PH per year) with a rmuximum
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aggresate rate of new, play-related encounters declining from
20,0 in 1988 to a mimmum rate of 7.60 in 1996, Under-12
males had the lowest 10-year ageregate injury rate with 11.22
new. play-related encounters/1000 PH followed by under 14
males 111.81) then under-19 males (13.46) with the greatest
rate occwrring in under-16 males (16.05), When trends within
each age group are esamincd. a downward trend s most
evidant in the under-12 males (slope —1.5) suggesting that
wider participation in soccer from 1988 through 1997 has led
to tmprovements in conditioning and experience. Similar fac-
tors might account for downward trends in the under-14 {slope
—1.0) and under-16 {slope — 1.0} age groups. Under-19 males
showed no significant downward trend (slope —0.1): the trend
for under-19 females showed a shmilar trend (slope —0.1),

It must be acknowledged that proposed explanations for
observed variation in injury rates are speculative in nature
and not corroborated by USA Cup data.

Heat

This study focuses on the risk of injury with age and pender
as independent variables. Heat stress is likely o be another
important vartable, atthough an analysis of its full impact has
vet 1o be determined. Certainly conditions of extreme heat and
humidity lead to an increased incidence of heat illness. The
hish correlation between average ACE-WBGT and the rate of
heat illness 1s comsistent with this expectation. 1t can be hy-
pothesized that heat stress impacts susceptibility to all injuries
through impairment of judgement and neuromuscular coordi-
natien. The lack of sienificant correlation between our approx-
imation of heat stress and overall injury rate might sugeest thal
heat stress does not contribute to risk of injury, However. the
design of this study does not allow for the more complex
multivariate aralvsis required to test this hypothesis,

Insicad of using an average measvrement of ACE-WBGT to
appraximate heat stress during an entire tournament, & more
accurate approach might entall measurement of cumulative
heat exposure for individual players based on monitoring of
WBGT on-site. Current technolopy now allows for nearly
continbous  on-site monitoring and recording of WBGT
throughout the entire duration of the tournament. Accurate
estimates of heat exposure during ournament-related compe-
tiion can be accompiished, but the task requires extensive data
collection for a tournament of this size. Theoretcally, it is
passible to calculate a cumulative heat exposure prior to the
date and time of each new., play-related injury, An analysis of
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injury rsk couid then be carried out wsing age, gender, and
cumulative heat exposure as independent varjubles.

Medical encounter forms used throughout the duration of the
current study, in fact, have fields for recording of place, date,
and time for each injury. In reality, due to size of the touma-
ment, number of injuries. and large number of medical staff
participating, these data have not been consistently recorded.
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SUMMARY

An analysis of USA Cup injuries from 1988 through 1997
demonstrates a downward trend in youth soccer injuries during
international competition with exposure rates now comparable
to the European international vouth tournaments. The USA
Cup smdy also indicates that although females are injured a1 a
rate slightly greater than males. thete is a trend sugoesting that
the overall difference is becoming less significant. Neverthe-
less, there may be age and gender differences in susceptibility
to certain injures, USA Cup data shows an increased suscep-
tibility to heat illness in fenales, Females also have increased
rates of knee injuries and ankle sprains with decreased fracture
rates compared to males, Finally. epidemiological studies of
youth soccer indicate thal catastrophic injuries are relatively
rare and that most injuries are minor, USA Cup experience 15
consisient with this observation.
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