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TABLE 1
Frequency and Rate of Game-Related High School Foothall Injuries Between
FieldTurf and Natural Grass by Head and Knee Trauma’

FieldTurf Natural Grass
Number Number
Variable of Injuries % IRR 95% CI of Injuries % IRR  95%CI
Head injury
17 carebral concussion 7 84 0.5 0209 11 68.8 1.2 0.7-21
2" corehral concussion 3 5.0 0.2 0.1-0.6 4 6.0 04 0.2-1.1
3" corehral concussion 0 0.0 0.0 0.00.0 1 6.2 0.1 0.0-0.6
Posttraumatic headache 1 8.3 0.1 0004 0 0.0 0.0 0.0-0.0
Second-impact syndrome 1 8.3 0.1 0.0-04 0 0.0 0.0 0.0-0.0
Concusgion injuries combined 10 834 0.7 04-1.2 16 93.8 18 1127
Knea injury
Medial collateral 1 5.5 11 0.7-1.7 429 1.0 0.5-18

7 9

Lateral collateral 1 3.8 0.1 0004 0 0.0 0.0 0.0-0.0
Anterior cruciate 3 115 0.2 0.1-0.6 4 19.0 04 0.2-1.1
Posterior cruciate 0 0.0 0.0 0.00.0 1 48 0.1 0.0-0.6
ACL and associated tizsue 3 115 02 0106 ] 238 0.6 0212
Patellar tendon/syndrome 2 11 0.1 0.0-0.5 2 9.5 02 0.1-0.8
ACL injuries combined 6 23.0 04 0208 9 428 1.0 0.5-18

“ff, percentage of total injuries within each category that occurred on the specific playing surface; IRR, injury incidence rate = (numbar
of injuries + total number of injuries) x 10; C1, confidence interval.

7L &R : Michael C. Meyers & Bill S. Barnhill (2004) -
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TABLE 2
Incidence of Game-Related High School Football
Imjuries Between FieldTuarf and MNatural Grass

Matural Total’
Variable FieldTuarf Grass Mean
Cames evaluated
Mumber of team games 150 k=] 240
Team games, 9 G625 aT.5 1.0
Adl injuries
Mumber of injuries 228 125 353
Injuries, 9 a4.6 B35.4 100 O
Injuries per 10 team games® 15.2 12.9 147
Injuries per team g:ll:neb 1.52 1.38 1.47
Minor injuries”
MNMumber of injuries 182 26 278
Injuries, 9 e5.0 25.0 100 O
Injuries per 10 team games 121 10,7 11.6
Injuries per team ganme 1.21 1.0°7 1.1a
Substantial injuries
Mumber of injuries 29 122 41
Injuries, 9 TOUT 29.3 100 .0
Imnjuries per 10 team games 1.9 1.2 1.7
Injuries por team game .1 L0 = .17
Severe injuries
MNMumber of injuries i7 i 34
Injuries, % S0.0 S0 1000
Injuries per 10 team games 1.1 1.9 1.4
Injuries per team garme .11 Lo = .14
“Injuries per 10 team games = (number of injuries + numhber of
team games) = 10.
bII:lle.I‘iE-\E per team game = number of injuries = nmumber of team
games.

“Plinor injury = 0 to 6 days of injury time loss; substantial injgury =
T to 21 days of injury time loss: severe injury = 22 or more days
of injury timme loss._

74 %k © Michael C. Meyers & Bill S. Barnhill (2004) -
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TABLE 3
Frequency and Rate of Game-Related High School Football Injuries Between
FieldTurf and MNatural Grass by Category, Time, Severity, Player Position, and Mechanism®”

FialdTurf Natural Grass
MNumber Number
Variable of Injuries P IRER B5% CI of Injuries L] IRR 25% CI
Injury eategory
Player-to-player collision 114 s0.0 7.6 6.9-8.2 1] BEZ 77 6.T-B.4
Flayer-to-turf collision 32 14.0 2.1 1.6-29 12 0.6 13 0.8-2.2
Shoe surface (contact) 61 26.8 4.1 3.3-4.9 40 3210 4.4 3.5-55
Shoe surface (noncontact) 5 22 0.3 0.1-0.8 1 0E 0.1 0006
Muscle-tendon overload 1& 7.0 11 0.7-1.7 k] 2.4 0.3 0.1-0.9
Time of injury
Pregame L 1.8 0.3 0.1-0.7 (1] 0. oo 0.0-0.0
First quarter 34 148 23 1.7-3.0 23 18.4 26 1.8-3.5
Second quartsr Tz a1.6 4.8 4.0-56 34 272 a8 2848
Third quarter 58 254 3.9 3.14.7 38 0.4 42 3353
Frurth quarter L] 25.3 4.0 3.3-48 an 24.0 a3 2444
Injury time loss
0 days T 425 6.5 5.7-7.2° T 2006 4.1 3251
1-2 days 44 19.2 29 2.3-3.7 36 288 4.0 3.0-50F
3-6 days as 17.1 2.6 2.0-3.4 22 176 24 1.7-3.4
T-8 days T 31 05 0.2-0.9 [ 4.1 06 0n.2-1.2
10-21 days 23 10.1 L5 1L0-22 T 56 0.8 04-1.5
22 days or more 18 7.0 1.2 0.8-1.8 18 14.4 20 1.3-2.9
Position played at time of injury
Orffense 11z 48.1 75 6.7-8.1 54 43.2 6.0 5.0-7.0
Drafenss 6 421 6.4 B5.6-7.1 -1 628 73 6.3-8.1
Special teams 20 2.8 1.3 0.9-2.0 5 4.0 LX) 02-1.2
Injury mechanism
Blocked below waist 26 11.3 1.7 1.2-2.4 14 115 16 1.0-2.4
Blocked shove waist 1 4.4 0T 0.4-1.2 10 B 11 06-1.9
Tackling 46 20.0 2.1 2438 a5 28.1 3.8 2549
Tackled below waist 25 10.8 1.7 1.223 13 10.4 14 0823
Tackled above waist 20 a8 1.3 0.8-2.0 20 156 232 1.5-3.2
Blocking 41 18.1 27 2.1-35 14 115 16 1.0-2.4
Impact with playing surface 26 11.2 1.7 1224 13 10.4 14 0.9-2.3
Stepped onffallenkicked 19 a3 1.3 0.8-1.9¢ 3 2.1 0.3 0.1-0.9
Mo contact/sprintaTunning 15 6.4 1.0 0.6-1.67 a3 21 0.3 0.1-0.9
Blocking a kick/punt 1 (L] o1 0.0-0.4 (1] U] oo 00000

%%, percentage of total injuries within each category that occurred on the specific playing surface; IRR, injury incidence rate = (number
of injuries - total number of injuries) = 10; CL, confidence interval.

*p= 021
P = 040,
P = 41
P = 036,

7ok k& ¢ Michael C. Meyers & Bill S. Barnhill (2004) -
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TABLE 4
Frequency and Rate of Game-Related High School Football Injuries Between
FieldTurf and Natural Grass By Primary Type of Injury, Grade, Location, and Tissue Injured”

FieldTurf MNatural Grass
Number Number
Variable of Injuries % IRR BE% CI of Injuries % IRR a45% CI
Primary type of injury
Surfacefepidermal 13 58 05 0.5-1.4 1 0.8 0.1
Contusion 58 52 39 3147 an 24.0 a3
Concussion 10 4.4 LT 0.4-1.2 16 12.8 18
Inflammation 6 .7 0.4 0208 3 24 0.3
Ligament sprain 76 Jaz 5.1 4.3-59 40 32.0 4.4
Ligament tear i a1 05 0209 9 7.2 10
Muscle strainfspasm 3z 14.2 2.1 1629 10 8.0 1.1
Muscle tear 1 0.4 0.1 0004 L1} 0.0 0.0
Tendon strain 2 0.8 0.1 0005 o 0.0 L]
Hyperextension 1 4 0.1 0004 [1] 0.0 0.0
Neural 5 2.2 0.3 0.1-0.8 5 4.0 0.6
Subluxation/dislocation i a1 05 0209 T 5.6 0.8
Fracture 10 4.4 07 0.4-1.2 4 3z 04
Grade of injury
First degree 88 386 5.9 5.1-6.6 49 30.2 5.4 4.4-6.4
Second degree a8 15.8 2.4 1831 20 16.0 22 1.5-3.2
Third degres 18 T8 1.2 0818 16 12.8 18 1.1-27
Not applicable a6 T T 1,965 40 32.0 4.4 1.5-55
Anatomical location of injury
Cranislieervical 23 10.1 15 122 24 19.2 2.7 1.9-3.7°
Upper extremity 64 28.1 1.3 3551 29 23.2 a2 2342
Thoracic 18 T8 1z 0E-1.8 B 6.4 0.8 0.5-1.7
Lower extremity 123 538 82 7587 64 512 71 6.1-7.9
Type of tissue injured
Bone 11 4.8 0T 0.4-1.3 5 4.0 06 0.2-1.2
Joint 101 44.3 6T 5.8-T4 60 480 6.7 5.6-T.6
Muscle a2 350 5.5 1.76.2 a8 288 4.0 3.0-5.0
Neura] 17 7.5 1.1 0.7-1.7 21 168 23 1.6-3.3°
Othar 17 1.5 1.1 0.7-1.7 3 24 0.3 0.1-0.9

“%, percentage of total injuries within each category that occurred on the specific playing surface; IRR, injury incidsnce rate = (number
of injuries + total number of injuries) = 10; CI, confidence interval.

B

P =_00%.

P = 007

74 %k © Michael C. Meyers & Bill S. Barnhill (2004) -
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TABLE 5
Frequency and Rate of Game-Related High School Football Injuries Between
FieldTurf and Natural Grass by Environmental Factors

FialdTurf Natural Grass
Number Number
Variable of Injuries % IRE 95% CI of Injuries % IRR 95% CI
Field conditions
No precipitation/dry field 201 883 13.4 11.8-14.8 106 844 11.8 09.7-18.7
Rain 19 g4 1.3 0819 13 10.4 14 0.9-2.3
Snow L1} 0o 0.0 0.0:0.00 1} 0.0 0o 0.0-0.0
Sleat L1} 0o 0.0 0.0:0.00 1} 0.0 0o 0.0-0.0
No precipitationfwet field &8 33 0.5 0.3-1.0 [} 5.2 0.7 0.3-1.4
Temperature, °F
<4l 3 1.2 0.2 0.140.6 o 0.0 0o 0.0-0.0
AD-49 10 42 07 0.4-1.2 21 169 23 1.6-3.3
50-50 a 13.8 21 1528 11 8.5 12 0721
BO-6 41 18.0 27 2135 30 237 a3 2444
T0-T8 46 0.3 31 2438 55 d4.1 6.1 5171
0-80 T8 3.1 5.2 4.4-6.0 4 34 04 0.2-1.1
S0-r 18 18 12 0818 4 34 04 0.2-1.1
=100 1 0.6 0.1 0.0-0.4 o 0.0 0o 0.0-0.0
Cold days (268°F) a5 372 57 4.96.4 62 401 6.9 5878
Haot days (=T0°F) 143 628 0.6 09198 ] 5045 70 6.0-T.8
Humidity, %
=40 125 55.0 8.3 7788 55 440 6.1 5171
A4 18 8.0 12 0818 32 26.0 16 2646
50-50 10 4.3 0.7 0.4-1.2 3 20 0.3 0.1-0.9
BO-63 27 1.7 18 1325 3 20 0.3 0.1-0.9
T0-T8 17 T4 1.1 0.7-1.7 5 4.0 06 0.2-1.2
B0-80 16 6.8 1.1 0.7-1.7 1} 0.0 0o 0.0-0.0
G- 4 1.0 0.3 0.140.7 T 6.0 08 04-1.5
1040 11 49 07 0.4-1.3 20 16.0 22 15-3.2

%%, percentage of total injuries within each category that occurred on the specific playing surface; IRR, injury incidence rate = (number
of injuries « total number of injuries) = 10; CI, confidence intarval,

7ok k& © Michael C. Meyers & Bill S. Barnhill (2004) -
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TABLE 1
Incidence of Game-Related Collegiate Football Injuries Between FieldTurf and Natural Grass®

Variable FieldTurf IR 95% CI Natural Grass IR 95% CI Total or Mean
Team games evaluated

n 230 235 465

T 49.5 50.5 100.0
All injuries

n 1060 457 442-46.3 1203 512 49.8-51.7 253"

% 46.6 Hi4 100.0

Per 10 games 45.7 51.2 485

Per game 4.57 512 4.85
Minor injuries

n 876 380 36.9-38.5 938 39.9 39.1-40.0 1813°

% 83.3 78.0 80.5

Per 10 games 38.0 39.9 39.0

Per game 3.80 3.99 3.90
Substantial injuries

n 114 5.0 4.3-5.6 169 72 6.6-7.7 2834

% 10.9 140 126

Per 10 games 5.0 7.2 6.1

Per game 0.50 0.72 0.61
Severe injuries

n 61 27 2.1-3.3 96 41 3.5-47 157

% 5.8 8.0 7.0

Per 10 games 27 41 3.4

Per game 0.27 0.41 0.34

“TIR, injury incidence rate; CL, confidence interval. Injuries per 10 team games = (number of injuries/number of team games) x 10. Inju-
ries per team game = number of injuriesnumber of team games. Minor injury, 0 to 6 days of injury time loss; substantial injury, 7 to 21 days;
severe injury, 22 or more days.

bp = 0186,
P = 001
ap = 020.
P = 049,
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Table IL Sm,d--mm-dbodymdcmm‘- namco o inudes, incdence mie mSos and L for

vied orharmid eflecis iy for socoer, mymm-ﬂmhm‘

Swdy No. of sutjects or Lave of Tr-nng or inured body 90% Cirscals 1 (%) #rm vros vaius of the
teame, gander andage peformance partorinuy  (w1000hexposure) mte mSe® Ci aSect staSssc is:
imean:SD or rangey) -m‘“ type naumi  asScal wival

s surt beneScia narmésd

Soccer

Bestrand 492 mades (=™ Masch Ariia 266 483 181 084 Likely harmiu; 0z 135 863

@all™  Age 2525y dortuse

Knes 266 207 a7s 0.49 Undiear: get 2as5 «s 79
mom data

Muscle strain 616 are 060 0.25 Lkely beneSca: 839 160 0.1
use

Saigasd 60000 playes Regons Masch Aride 8.20 430 059 0.20 Likely beneScisl; 906 94 o0

aalre {-one-tird wem use
"'“‘":2 5 Knos 560 260 096 QX Likely trivial 1a3 803 62
st asd Muscie strsn 3,00 220 ass 043 Undear: get 318 568 84

mom data

Bomebos Males (=29 Mach Aride 220 ato 139 0.55 Possiby harmis; 06 |2 1.3

atall® 14 tsams dortuse
Noage data Knea 200 ago 146 0.50 Possiby harmés; 0.4 209 687

dontuss
Muscie strsin - 5.10 450 oas 0.28 Possbly svid 236 745 18

Fulier Camg: = Camgas Mach Aride 257 459 100 0.33  Likely trivied a1 818 91

etalln 2005 season: 52 leans Knoe a.09 ars 121 Q.40 Undear; get 11 62 as57
2006 seasor: 54 teams O St
Naagecaa Muscie strsin 647 570 oaa 0.25 Likely triviat 218 70 12

Fuller Camgate femdes Cdsgate  Maxh Aride 221 aoo 71 0.28 Possbly 634 %1 05

@alP7 2005 season 64%eams benalciat use
ﬁ’:’ﬂzﬂ 72%ams Knes 292 288 098 031 Likedy trivied asg 85 &6

b b i Muscie strain 3,17 as7 113 0.2 Undear; gt PR s 284
moms data

Swafien 2020 femaes Aegon Masch Aride 3.00 400 1.40 0.50 Possiby harmié; 02 ?/E B2

atalls Age 1521y dontuse

Knes 110 190 170 0.80 Likely harmiu; 03 173 &4
dontuse

Muscie strain 1.50 080 040 030 Lkely beneSca; 934 63 o3
use

Borand 154 famafes (=29 Masch Aride 263 289 1.10 0.90 Unclear: get 215 @0 36

atall® Age 23z a2y moss das

Knee 230 ass 154 1.26 Undlear: get 64 291 645
mom da

Muscie strsin = 2.96 ass 120 0.89 Undles: get 143 as wa
moms dats

Boestrand 613 mades =09 Masch Aride asa 480 1.96 0.41 Possiby harmis: 0.1 2«1 =08

@alPm  Age 2525y dontuse

Knes 434 462 1.06 0.30 Likedy trivied a1 a2 1.7
Muscie strain  7.44 532 a72 Q.17 Possiby 677 23 o0
beneficat use

Boeswrand 492 maes [=29) Tranng  Aride o asa 1.61 1.30 Unclear: get 50 267 €83

@all®m  Age 2525y mom das

Knee om 031 095 083 Undlear: gt aao £12 257
moms dats

Muscie stran  1.31 062 a48 022 Very likely as59 41 00
benafciat use

Fulier c da Caieg: Tranng  Aride 058 083 144 041 Possibly harmid: 00 274 7286

otaL= 2005 season: 52 leamns donuse
2006 season: 54 toams Knoa o< 042 099 0.38 Possibly téviad 1as 746 118
Sosoadita Muscie strain 1,16 126 108 0.24 Likely trivied 06 29 as

Fulier Camgate femaes Caegate Tranng Arde 045 0ss 100 040 Possibly tivisd 1as 730 135

@atl"®™  2005seamson: 64 teams Knoo 0ss 040 o074 0.31 Possiby se3 26 11
2006 seasorc 72 leams beneficiat use
fospadma Muscie strsin 121 104 ase 022 Likely wivied 2a1 7%6 03

Boewrand 154 famafes [=29) Tranng  Aride 0.15 a7e 520 1337 Uikely harmfu: ao 56 913

@all®  Age23tdy dontuse

Knes 029 056 190 296 Unclear; get 112 193 eas
mom dats

Muscie strsin 162 100 o0s2 038 Possbly 7a1 252 17
banafcat use

Botrand 613 males B Tranng  Arnkde a2e 445 1a7 043 Possiby harmis: 0.1 389 61.0

@all®  Age25:5y dortuse

Knes asa EEE} 104 03X Likely triviad 29 821 1.0
Muscie strain 1.39 113 081 0.21 Possiby ara 28 01
benefcat use

Rugby

Fulier 282 mabes Commurnity Masch Aride n=1 n=s aw 1119 Likely hamiu; 72 91 a7

a@alen 128 backs dontuse
Age 2624y Knae n=2a ne11 280 A6 Likely harmiu; 24 96 830
153 ormaris doniies:

7.
Aoe27£8y Muscie strain  3570° 27¢° 092 0.48 Undlear; gt 281 588 131
mom data

Fuller 169 males [=2) Tranng  Musde swrain 5140 66707 130 Q.36 Possiby harm&s; 0.1 499 500

e@al?9 85 backs domtuse
Age 2524y
84 forwards
Age26:8y

American foctball

Ihy-s 240 hghschool games Highschool Maxh Knoe 1.00° 040 Q40 0.35 LUkely benefca: 913 80 o7
No gender or age data use

9‘"""‘ Muscle strasin 1,105 210¢ 191 1.09 Likely harmiu: o3 120 7.7

domtuse

Meoyers" 7 465 jats games  C Match Knes 1.30° 10¢ Q77 037 Undear: get 500 &0 30
were evaiuated mom data
No gender or age data Muscle strain__ 7.20° 620° 086 0.09 Likely triviad 51 949 00

a hodence rate raso kr ingurty incdence on atfca and natural turf surfaces, usng natursl turf as T mismnce group.
b cdence gven as proparson (F) of injuries.
c Fyury rata = fn of ing nofinuries) < 10.

indicates aoracrma ey,

Tk kR : Sean, Hume & Kara (2011)
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Balazs, Pavey., Brelin, Pickett, Keblish ¥ Rue (2015):%= 3 »

B R E AN AT AT AE A LT ARG T R £

4"‘¥

BE AL Fod e EFRaOtm P RES AL
j:4

% 20 Balazsetal(2015)5F & i - F iy ¥ ¥ £ ot i

TABLE 3
Study Characteristics®

Author Sport Competition Level Exposure Setling Turf Type: Generation
Bjorneboe et al’ Boeoer Profssional Matches/practice 3rd
Dragoa et al™ Footbal Collegiate Games/praclics All
Fuller ef al*® Boecer Collegiate Matches 3rd
Fuller & al*® Soooer Collegiate Practioe 3rd
Hershman et al” Footbal Profisaional Games Sed®
Mayers™ Footbal Collegiate Games Sed®
Meyers™ Boeoer Collegiate Matehes Grd®
Meyers and Barnhil™ Footbal High schoal Games Grd*
Powell and Ei.'_hui.nwn':' Footbal Profi=aional Games Lat"
Seranton el al™ Footbal Profssional Games/praclios 1al

“Al studies had level 2 evidence.

FPleldTurl.

“AstroTurf,

TABLE 4
Anterior Cruciate Ligament Injuries®
Grass Turl

Btudy Tatal Injuries Population Trjuries Population Rate Ratia*
Bjornaboe s H.] 14 11 186,920 FH ] T4612 FH .68
Dragoo et al™ B KR NE KR NE L4
Fuller et al™ T8 [ 65,061 FH 12 14,192 FH 0.8
Fuller e al* ] o) 442,340 FH 2 103,502 FH 0.31
Hershman et al” 260 166 40M TG M 1356 TG L6&°
Meyers™ a2 30 235 TG e 250 TG 0.7
Meyers™ _ bir 13 42 TG g 355 TG 0.86
Meyers and Barmill™ 13 ] # TG [ 150 TG 0.4
Puwell and Schootman™ 114 55 2572 TG 50 2604 TG L1
Seranton et al™ 1 a0 T02 3496 AE 21 143,532 AE 1.4¥

"AE, athlele exposures: NR, nol reported: PH, player hours; TG, team games,
bACL injury incldence rate on Lurf divided by ACL injury incldence rate on grass, A rate ratio »1 indieates that proportionally more ACL

injuries oeeurrad an turf, a rate ratio <1 ndicates that proportionally more ACL injuries oecurred on grass,
“Achieved statistical significance,

7ok kR - Balazs, Pavey., Brelin, Pickett, Keblish & Rue (2015) -

36



FIF EABRRAE A ITAHBLANG

AR ESSZH ARHBIRKRCREEEIRAR > A w5
APAMIFRFAPN FEFAB L o NT LARBEZ

AFEFDPRE A CHBREKR - Z BB e - RSP
AR AP EFIARE L P L RER P H R ER TR
REE R R ARSI 0 WA N RS itz

-8 BRARREALAILAPHAREAP 3

221822225 A-BA BRRERRZFFPMNFT od FHE-F
MRS RS AFTIRRR O F D AR R A B AT ARSY
FAFERT GHR oL HRF PR I RT A HE IR AL
PR ABRY RPN TR o B R AR IR T
B~ iR de drpdo im0 g 3 ORPIER > IR FERY B
BiEEFAEE T - 25 > NFIE B RRF 0 ¥ ZRB®

B AIE L R RRFE LR ARTAT R

ok
Fis

ﬁ)ﬁf‘?"%ﬁaﬁ?%/a?l e > 7 11'[‘7,5;17 g*ﬁ;ﬁ_gﬂ_ ’ J‘J_‘TQLL%E\:
FAEIRLE - FERLAT G - B XA B RE

:‘a.Aq\‘f‘ﬁﬂgsl;’i’F“% %iﬁ"'ﬁ&"l :J\:E,o

37



221 ABIEERAHFLAIZTARY SHPANL L

1.%%?‘:& k’E-‘ﬁ ’ A mﬁ;f\ ﬁ'li Ksﬁ-' m.EIA,\ °

ﬂﬁqai;ﬁo“£$ﬁ%ﬁﬁﬁ%io

fﬁng EHXATRET A FgS -

1&;’7«& °

SHKF BH A AT A v FhR R # E“;RE o

i;fmiﬁi%—’&n\% ’ j’_ ﬁ\ y — g ] j\) 13
%f’fzf%?@@ﬂﬂéhﬂ&i%aw’ Fﬂ&pm é
ARE R, 0 3 LB HE S % 2 )

kit
TR
LR EY S BPE A1 TA N F A -

10=xr2 F o

BHFEHWEAIT A FHRPRILLR o

fo X 1K Ak H B IR 0 ko) A% 2 5 H 7 3
B 2 HABHE R E P B CPER) S S fen 4 8
Bofrdep k@S

T IS TR T Gt Lok SR

B IR o B S ESE A o 2 RS A1
ERELZ )I*-ﬁ% | B dF o F%z:»mrj:i;ru?ﬂ_\%»‘\‘;ﬁAj?K?
TR EREREAER ) £ RN E NP SRR HEL

%.p-ﬂr;%szg VOB G ALY g % |

TRRZEBIATREAITARNET?

FRFE RGP AFTFUEN AP E Sz 504 H
2PNR?PIFEEAEY RF e LR ALY R AR

ﬁ £
£ 4

PR

*4FW¢ VR R S e A
KﬁLL%T\ 14 _‘ ,h"r,ﬁ‘ﬁﬂ)‘%&l]'ﬁ}%ﬁ—,lﬁ}'@i #EF&,‘??"

-\'_

i
\F.. =\

3y
=
A

-

3
R

_.\.

'S

7] o

8.4

A _

LR
L f WIBH O R FREEE O ARLEY Al BR

38




422 BHEBFEIHALIXARRY CH UL 4

LR B S ABRELFTHNE BRANLL o

mﬁwéiA@’BWKﬁﬁ%ﬁ

2HFEE 7 ESTAIRT A Feng %k

Az 1@ 100 =x 12 F o

BHFEHNT B AT AV FHRARTRER -

PORFTH S T CHIRET A LT FRF R o

AR EY T EE% B A1 KA g -

1=x -

SHKEHNT ALY AV FHRAR T RER -

HFTEE s 7 g*ﬁ F P SE e R 4E o

6N CEHEECKALREL bV BHP V F 25 PA?

AFEx ,.H_V,.ﬁ\i%‘%'fr”i.l_v,.)ib‘?‘%’ﬁgjg_% v X AR AEEE
i“@?%%*%?’gﬁmﬁﬁwﬁga’&ligﬁw@%
E'kaﬁiﬁi;}fﬁ#f_ﬁmﬁvQ’%tF F 5 ];]Kﬁi[,b%),—} ’kl-‘;—ﬁ’»ﬁ"ﬁ‘

'ﬂ“‘;’“@r“bﬁ’figigﬁ%o

r EWREEAITREIAILATRE?

'%Q ‘Jﬂbf‘—" m#—’&‘%"

8.2 =3

p
! o

39



& BERBPRAHAITAPEAAN F

23325 S HIIR R 2k F o M sk YT U

>
il
=
"
=1
=
M
B
+4
Yo
Rl
S
W
=%
F’f{
et
>
.
)
7
.|
Y
-
fi
Dy

KFH D U BHE P AR E (SR o BRI

e ATk A FIE AR A AT & F AN H

FRBFEE L TR B ARSI RS 0 VR MR T

YRR L R RAR AT E AR R
PR AT AT AT AT LI - B

A 1 ﬂTﬁi%—a]Fﬁ;#)@.Tﬁﬁ)i"‘ Z2_H-ET o

40



L BCHBEHEHA LY ARY omkan b 4

1.%%&:3 klE-} % 7\ mﬁ;ﬁ ﬁ"l % ¥ ﬁ_, m.EIA,\ o

11 & ehpfg mﬂ§%3:<§%ﬁmgiog§@%§§
Shd B O BRBMEPAL R FRFERLESR o

2HKEYE T ESXAIARL A Fongs -

FIRP > E R RE A IR MU I A X ARE A Tk R o

SHNBEHT I RT AL FHRART BLA -

TR (MU R)RRAEE T B4 R AL ARG
@( o

AGFREEFEST AL LT X A Fengsk o

4 =% o

BN EHY AL I A FHRmE T ELR

ALFAFHEVRT R A F B NI RPER > R R
A oo

&R BERELC KRR EFL B P W 25 AAR?

3 l\?zl—\’k‘f_g,_ﬂ‘m{ﬁiﬁ—ilﬁfo

B ARETRF 1 EARED

Ko

8.3 # &k

! o

F2ADBHBRAHAITARY CHRTANE A

LR ES 5 A A ELFHIE R AL L

VEFF -RALE D 2 AFHE - FER2 LS4
ﬂ”ﬁiﬁﬁfﬁiﬁ%ﬁﬂiﬁﬁﬁo

23K B E § BBA DI AT Feniis -

T&;’z«k °

SHEFBHWAIRT AV FRRARTPELZR -

ik ang BV O g”ﬁ ci A2 S 1 R T S - I W e R -3
Bk B bAT ERIRA LG > TR L L FEFG L
il

pﬁ‘ﬁ: 35}; “l:‘:ﬁs Lb%ﬁ”ﬁiﬁg °

3—1-

SHFBHEHWARAIT AV FHFROETREIR o

T AR e B R LR SR RP] o ek T A

41



;JBI: 7J\ ; -ﬁ;’— 9 ‘J—v‘;‘\ LL %B’;‘}F'&m@ Fﬁﬁi&ﬁr’ o

&”ﬁﬁﬁ BERRSE L AR L F PR ?

liﬂﬁ%
TRWRFEREFTEF AT ARRE?
g o
8.4 % 2k
& e
2 DEHNBAHA I AR SHRPUNL L
LiHF &3 % A *ﬁ RELFTRHNUZ EREDL L o
20 70 B P A BBBIRR - 8~ & LA 4 2017 &

ﬁw%&%ﬁiwio

2 5 BE% B3 BE A Finms

i/?;”% —‘PK{:’\ JJ:_\_?"RT]':}%, ]")7,,\ ’ fgiﬂjg(% ,;%’_O

SHRERT LI RT A FHRGR T RER -

g vt 0 A (S Fh BORGE o IR 2 SR G P T
ﬁﬁ%—’gpn%Whmr BAEFEAR -

AFHEY 7 ﬁé“**l#i“%m” ¥

£ iB =

5#”@ﬁ*&*1iRW%%mmﬁﬂg§go

SRSk R LARE LT R R R ER R
B Bt b o (e vt g SRR LR o

6HFFEERELSKRSFLATMEEP VF25PA?

ARHHFE  FERFR G TN A AT ARES LY
ﬁ»iﬁﬁi‘ﬁ% o fE ’,}_iﬁf‘,ﬁ’ﬁ AR A TR E %ﬁ;’—% B A1E

AT T A A B D PG R

TRRIABETRFAITARAE?

BRI R ARG R A g
P AIE LG RE REA A F AR RR ’%’\‘%"‘%
P i e ot -

8.3 ¢ K

2
! o

42



2O BRIPEARAHAITAFEANLN B
267 00 fRZEIRA R B A BBGEN F o S E IR R
REALDEIRRL T FTAZRFFZTE S FRRAF oL

R B IR A BRR BRI R R A

2%
R4
FEF KRG A om P gp % Sdkt > BB ARTA

LR E T RE A G4 - 5 LG PR F30F L

%26 FRIBEFFEAAHA I A gRERDAD L L

IR AL

LFF BB AL LR EHhRF IR hFf o

Iﬁ,ziﬁsﬁ:;kir?;ﬂ?&ﬁ TR :rwﬁfa%zgs 8B4 o
2R BEHNIRTASA LT AchERY

BIEF LI ARTA 0 AR PR - &g4#ﬁ%g§%@
~RAE O AFER R TERLRA - B ERE S $F
#i‘*”‘#WE’ﬁﬁ%@iéia%« R o
SHF BHW X R A & *141m%ﬂé R o
D+ @ R FEIEEYF > P REAFG > H o aigip

JE o

Q*FRIAFEAL 5 4} %i%“ XA .

RFFBAHR* > b5 Bk -

(MK raed 3 a4 RFpkE 22 mag o
AHFFERREL KRS EL AVEsiy W 23 PA?
pEa T
5B EARLIRFA YA BARE?

B~ EPBBRE 2 R EPA IR L FIRIBRR TR

Vo d RS B R ELEANETE T ER B
FERERAIEA -

43



S
N
\l
N’
i
I
s
o)
e
M
Ep

Jm}

fo i * e %

s FRLAPE LGRS YRS T

RPN Y

s B S LR ST

2 S R A W &

TR AR AR

1
7

¥Rl

%21 i@ ® T — X RE S AT TS0 Ed v )i
N m % TRY A1¥
. TAALHH(5% 7 AR ~/m2 -+ &~ /m2
1) (% fEF b R) (v &5 bl)
g 1~4 & ¥ 8~12 &
2 % E
(¥ g™ 2ing) (F et 2ing)
Fi< ~ 1,900 ~/m2 #% -~ 3,200 ~/m2
3 ZEg sk (Fy) (892 Bra CET DR
o~ FPORE I ARE) | fRRSACE A1 E)
1B S IRE 1B 5 IEGE e
4 Y
Tk SR B T RS A
2 e LE
5 %1 H AR o
(5 3 2 4F3K)
6 SR F SRR S FHRE

44




H5TEHEMTL | 812 E AL
(i * 2 g | (k" 2 B3 d o

A7) A7)

7 £ (2 br)

B(3 28)F B AR AEEmE S ALY b L1 g

/ = A L / +—
WA RTREEATR A RTAF

i
s
o3

3d
A
o3
%";\
kS
)
&
4
=
Bk
ek
s
i
gl
i
M
B
4"T
-
F_L
It
v
i

I HE B g T

N mF X R Aa1¥
B A ¥ .
. (ZHE i g 2

B~ R %
RE N ﬁggj{)

(F AR~ R

i A 3 o
2 | (5 o SRR NERD Fﬁ:‘)/%ﬁ
Fohae) R NCE TS =) el s
3 S %3 i
4 EE R s g
5 L L it
6 | ampraA B RE T B RE T

45




FFR29)F g A1 X a% dME I 2T H A A
MR * e ER CRYERF X GEEREEE SRS
oy L x sk j;‘jig %zgt y ¥ 8, Alj;‘ﬁ-%?ﬁ;,ﬁ;gg g 5???%"]“;{
B iGEArU  RAF R TR c R ELSRY 2 g v REES
AR B FAG T RS T ey > 3 7
AREA NI PRG] @AVFFREDG AP E W HEEF
%29 HBRRERFE — X ARYEAITH T2 80 @ ik
N mF X R Aa1¥

1 % g (a2 mat~g) L8
2 e P (7 FE TR B
3 S A S g - R
3 AR d N
(£ +) (£81)
4 it A m(HEp) B(2X i)
5 g e o & B
6 FE R R (L F) i g ()
L CBEN s
7 @%,_:ﬁ:ri < 25 P <r % ] L S
(XFWFamRgX) | (XFHFERREYEF)
8 Lt e foiz e
i o e 2]
: (et © % igecd)
9 Vi ERFCLE) 2R B
B e 1%
10 T iE (RxE2R* v LAa | (a7 ~a&BY
ER I AE) i)
11 {54 Rtk i P F

46




%'g?ﬁg B;}:I‘i o fg_qﬂ,\’ —“g.

AREHF BN ALTSR FF ERE RS RS

F(FBD)F FER > A1 EF

>3

FRBmFakERRi s

KA el 0 FIH

Mo

ES

e S L i R R R
# 30 HBrRE & H — A RT B A1 TH 2 L RAET R A
N m X AR A1¥
g st
1 s R e ,
(£ 35k 1) (- R+ 7 5 k)
2 Fokow o ¥ i
3 gy Kea BB (BRI A R) (TR A A)
' EHE REST A - - X
4 EY ¥ . .
(£8+) (£2])

47




o8 AARYRAIEHTEY A

RS

B(F 3DV UFR > FR I A HIEFRIARLTACEAITA
AP RS RPN E R A RIS Ak E R
BA T U R BRI Ho AP IR BN R A TR

BT ARG SRR ST 0 R R @A BFRT T

Wy —

EREHZERY o

LGB R P XA R S R IR PR
FERGIEP > B ARBES X ARTA Tt AR PR IR
FXARTL B RIRF LY A LR A o R BRI R

B X GEEA A K AENARNAITERE L F LA
FEL k-

48



431 X2 HBIkF X RF A

1 ¥ SWOT % A 44

B4 (Strength)

# ¢ (Opportunity)

e

VR
3 2 Y TR U R o

VH A R A TRz FAEE

VERFRRE A F

N S

VEEREHIHEE G

VILrX EHhREes g L
B RS B 4
Ad 2 BRIRIRYIRE AP B
IR FHARE Y o

R o sigroori Vik Rz s B
F1 & VIER X AREHE (L4 P ii(f‘%‘;’ﬁ%éﬁp )
ol TR
4 ‘E’J’})’@\-;E’EELéiﬁ m e
BRI - AR R SNt AR
I i s e
VA kR £ 2% B R ;#iﬁfbjl %
£ B 15 (OT) i 02 7 e R
_E"»é_‘;_ o j—ET%-;Tt f; =
@@w(%~-+g¢ X
HBEHE)
% 4 (Weakness) = % (Threat)
VERRPN S EERERY L | VIREAY2ZER S R
1 X BRI EGIES 1R HE RS EREE
e o 4&%1[‘ o
PO VREFT ()82 41 | VIR B (MLB) X it A
A4 | FHRHEE T 2GS | BB (KBO)A R HHE
78 ° AL E W BIRE o (P ABR
% 1k 500
V & A RT3 2017 £ A F=(NPB).f i 50%)
A R R EE | VA LIRS ENTE
FRE1IfR 23 &8 S F S L N
fEE R AR SR FE BIRELIFEFRFFRR -

49



=% BwaeE
¥- & 2%
- N XA RBIRP T R LR

T AR E FIATAZ R 0 RS 6,000 A 2 AEE A B
W (6 FE AP SRE 2001 £ F 34 B R F ok F A pHE
BN - xR YR e 29 4,000 BAA BT EA
i 10000 A Rt 2 LRI FRATFTLH S KA E > P AR
L R e ETRERE T PR TRy -

T ARz @ % e 2015-2017 £ B 5 B 2015 & 1-12 F
E* X 326 % > THE 0 ¢k 272 % 52016 & 1-3 7 5 X $# 53
% (4-12 0 > FIR A EFEB) THE L g 177 % ;5 2017 & 8-12 *
B X g 112 X (1-7 2 T A @) TiBE Y @ 224 % 5 G
ﬁ»iﬁ‘.’:ﬁﬁ’;@’*%ﬁi?’%‘ TR AR SFEYF 0 B PR
BRSO  BERE S S Ak -

AR PR ISR ART L > TfARLE- B R
80%:pREXL AL IWEREL 0% TpHmIILEEE
FEAR PR FLARE A FHT (R 12 2 221
1) EFR*FF > RN BERERET O T A EFTAE
FIEE » AT A G BEERKF b ~ 2 BAHAED L 6 KIks
TR E AT LR i A B K E P HRAPERER
G KR R RIRS TS RIR SR 2 R R

BN (E S P S EER)BRFY AR R

(- )% BB $E(MLB)RF 30 A B ER W %4 5 FRME 2 K

50



FIHE L LS AR KR ARSI ANE A BEF 232
2ERERIEF(ERT R o X RTABA 1T 4 4 F

o
L= 53305 2 Bk (23 &) -

2QEREBREI(E )Y NARTHFFOGA)I LY
B S2 B) -

BEABHE L T ERE(E DL PG 2 AT B
(28 ) 530 A 1 W HIRF(2 &) -

)

()P #FHBENPB)IRF 12 ABMERE > %A 5 ¢ AW 2 X
LB L6 AT SR AL HENE X ks 2
TERBH(E R EF ORI - LARTALAITA

A AN T
LEx 3P U A 1 XA B a s Ry Lot 3

2. B A BRI rE R EREI(E )M A T XA B3RS0
oo 5 A AR ARSI L o

(2 )i M (KBO)R.} 10 L B Esk M 9 B 1 s 3(F % $57%
BL LGS L iz £izks) HY AkSINE
TS AE L HRE(E D)L A A% AT A
BALTAALE > G

%’E’élﬁff‘igé%f’kj”_'p‘ﬁlﬁi%‘, _4._',,,5 8 i o
QETFTERRFI(ERE A1 XA RS 1A -

51



~N

SEERER O R sy o

7

dTITE R AN A4 1 KA R R 3 R P T g

AREY AEVROR - Ef G R EAP P RO R R
LR T B S BT A B ML AR F v B
ERH TR RLASITV R A FHER G T HRELY > P
TR R T At R R e R R A AR 7

EE

’

\

FEIeE_ s AiE R I A b ehpadeiBArY 0 FX I F @SR

FEB A THRE M Ea e b

oA BIRHR Y A R AL E A AmEE R

(- )R 1T A anEn 2 8

EPRIGRE LR AR I AT A h R ag b B
p

FA e S o A HASORE R TR T ER R

SRRk R g EaEERIRE AR FLE R
FE I PR RT UG - B2 AR
Ho MELTALRYHF Gk RS FF Y

(C)EHA LT A emER LA

Pz EFRERA IR A LA REL I RIUIF > F R



r_ﬁfﬂ%‘i"‘%’}l’:(g{’; ’_;{E_r/é':ﬁ (’g%;k-ﬁ-il*,ulfh’fﬁ‘&.ﬁ; ,
f%iﬂ;j’gf%:ﬁ—ﬂjig%t oﬁ;x‘xﬁfl K?S;L %;PKFBQ# f“‘ﬁl*‘f\%%ﬁ
): 8

REA > FFA2FART MBS AE A4 > RN
FEFRK  SLeE 3T o

(- )E%
LRP 7 RHRE A1 T sfdaed o
2.7 e MR RSN A TR A 1 X 2 Ry RS HOR -
3K 4 X * TR R R Y BE Y sy o

A% MR RE (A4 ~F 4 s ) akE s e R
T -

BAPT A KT L AR B EFWMEON g g 24 2 ¢

(z)7 %

3'%4’%‘5#*}3"}’? 2017 iﬁ'*-ﬁ_' < Fe —{:%& 'T’gﬁ}if%ﬁ}@f’ﬁi"
iz 3G AUMEE O APMET EE
(=)¥ ¢
Lo EREHEET S -

200 23 FHIHE RIS SR RESD B A
iﬁﬁ%?ﬁiw%ﬁﬁ“%%ﬁ§*°

53



3HEZ bR FEG@T I FSED BT R

/7{::‘.2@0

AFIR U FA BRI B EEN AR TR
BREFWE -

57 % B4pski@dchz 5 A% g (oS Ik~ ATk

jov

%)
(z )= #

1B AF 2R R A X R 54 RE4E
3o

2.% B~ m  (MLB)% 3 RBk % (KBO)f % S H-E * 4 1 %
BRI o (B A BRHE(NPB)Y & 509%) -

341 j:ﬁ:*%"f#fé BFpFirE e gk > e R FE o F

EAUR FRE AL o

g

54



o8 23
EEFE LMD BLEBP P TR 2 AT R
AEHHE AT I 2B TR AL AT L R T =
LIS Eg= I
- NI A TR X R4 i Alﬁg»ﬁ H®
KRN IR 32 L A DX AR R E B AL F 8
AAXASE RS PR AR AR E S FSS o 2
SEIMEA IR L 2 BP0 oA X F BRI OF R F AR
MR L AEST G L R EAPF LT RELEN > A AS
FORAIRE SR FFR A o A RT Qe A2 X

Rkg o ERkD g RE MY A i B F Y

at
S
-
£
—kg;
(s
o
-‘3 )
|
bl
( N
.ﬁ‘t.
c
o
£
\34
I%
prs
o
A
)
4
)
A
i
et
w3

fei
<le
|
&
&~
!
Xen)
¥
=
[
‘£
=K
1%
\ -
-
T
7“_
c“\i
%
¥
T
=K
(w
2
=)
1%

.
4
>~
=

4
i
(w

—

4
7;3
™
e

W
W
[

=

_,3‘3}
\\-a

1k E A T

Y]
ol
s
F_&

\
A

=
e

L
ol

a4
W
>
A

<y
i
jm

LFAge 2 e g 2 5t

55



ZBEA D E AR R U TR T
/\-_—'——ﬁ-ﬂﬁ/ﬁ_#ﬁ ;Jg;’;%fﬂk" Eﬂ@}“#i*ﬁfﬁgf%? &:_r_j;‘ﬁ\iai
R AN R S G TR A I HN R RS R

IR ARES o AR BRFIR e BERE BB L LA

9

R RRME R e A AL A ke g S AL

56



34

¢oEA RIS € (2017) o & 5 3k FAR o http://www.ctba.org.tw/ o
Fp-pERr 12018 2 1% 23 p o

SOERRE IR TR (2017) 0 ¢ ERHERAE -
http://www.cpbl.com.tw/ - #5~pF /¥ : 2018 # 1 # 23 p -

A 3R (2015) - HHF-EE/F A enE A 2 B R IR o Ry
http://www.peoplenews.tw/news/f1551144-3b2d-4dc4-b0f7-
0a4d793acc6e - 2~ p ¥ : 2017/10/15 -

T L(2004) c HhEhbaut 32 HE R AT D RD

R IR

PG ME E(1993) c EFF R FEARFEASBEFIRLF
T oo ¢ EAFRTE ¢ €7 14(2) » 103-124 «

ERE N~ BRE 2 (2016) o 5 A B R T AR 8 B AR 2 373
ME S P BREBRBE IS b o 3 B MT 0 15 137-
156 o

EALM B A 3=~ R FR(2010) o B X RV H B2
IS TECENICE EE RN SESLRES E X EY S
7 34-45 -

ERW R EER - F Gk BBAEQ0LT) - 4 1 ¥ A K
Bag bR 24 o X BT £ 19(1) » 34-54 ¢

B 9(2012)c ARIEFY HREA LTS F £ TH S5 E R

W2y o i I AT AR AT o

FT F(017) c AREAFFFEE FERRAS FH RS

FEeoti7 tmyIMYT F o

MAD ~ BPg ~ B2 A(2007) c B iE L * 2B % (5300 %
EEANTZFT- Y ERGHEEL L0 A ENTE
T 26> 1-16 ©

MR & ~1RGH(1994) - B AR F % L fak & (8% 1 3L
AEB2ZF o EARRTEE €75 15(2) 0 115-136 -

FEE I (2003) £kBE A REF TR LA o A BB

Ecer)

57



# % #3515 130-140 -

EHARA(2015) c A T XA VS X AREA o eyt
https://www.sportsv.net/articles/8535 - #2~p #p : 2017/10/15 -

L7 2T S 4(2002) c D HTHPA - L4 LA
BERET S AR e

AR REEAFQR015) -t TE | 2- X Aaugd ]
7k o e nb : https://opinion.udn.com/opinion/story/5769/703932 -
#B-p gy 1 2017/10/15 -

Balazs G.C., Pavey G.J., Brelin A.M., Pickett A, Keblish D.J & Rue
J.P.(2015). Risk of Anterior Cruciate Ligament Injury in Athletes on
Synthetic Playing Surfaces: A Systematic Review. The American
Journal of Sports Medicine,43(7),1798-1804.

Dialogue i # 22:5(2000) - 2 gk o £ 447 1 v 2 P F ERR T

N = r 2 —
SR S

ETNEWS(2016) - * #* #5332 A X2 L X R-FAPp g AL 1 X #
https://sports.ettoday.net/news/623130?t=%E5%A4%A9%E6%AF%
8DY%E7%90%83%E5%A0%B4%E4%B8%96%E5%A4%A7%EI%
81%8BY%E5%BE%8C%E4%B8%8D%E5%86%8D%ES5%A4%A9
%E7%84%B6%E3%80%80%E5%9C%8B%E5%85%A7%EI%A6
%96%E5%BA%AT%EA%BA%BA%ES%B7%A5%E8%8D%89%
E6%A3%92%E7%90%83%E5%A0%B4 - £~ p #p :

2017/10/15 -

ETNEWS(2017) - 5% FAZ | X # #hafaf-ad < R -7 A4 1 ¥
B ER opn
https://www.ettoday.net/news/20170221/870970.htm?t=%E7%B6%
93%E8%B2%BB%E5%95%8F%E9%A1%8C%EF%BC%81%E5%
A4%A9%EB6%AFY%8DYEB6%A3%9I2%E7%90%83%E5%A0%B4%
E7%B6%AD%E6%8C%81%E5%A4%A9%E7%84%B6%E8%8D
%89%E 3%80%80%E9%A6%96%ES5%BA%AT%EA%BA%BAY%E
5%B7%A5%E8%8D%89%E 7%90%83%E5%A0%B4%E5%86%8
D%E7%AD%89%E7%AD%89 - B~ p Hp : 2017/10/15 -

Michael C. Meyers & Bill S. Barnhill,(2017).Incidence, Causes, and
Severity of High School Football Injuries on FieldTurf Versus
Natural Grass-A 5-Year Prospective Study. The American Journal
of Sports Medicine,32(7),1626-1638.

58



Michael C. Meyers (2010). Incidence, Mechanisms, and Severity of
Game-Related College Football Injuries on Field Turf versus Natural
Grass- A 3 Year Prospective Study. The American Journal of
Sports Medicine,43(7),687-697.

Sean Williams, Patria A. Hume & Stephen Kara (2011). A Review of
Football Injuries on Third and Fourth Generation Artificial Turfs
Compared with Natural Turf. Sports Medicine ,41(11),903-923.

TVBS(2015) - X RE VS A 1 X-P R RO AIXF CPE A - %
At : https://news.tvbs.com.tw/world/570282 - £g2~p # :
2017/10/15 -

59



