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Initial Research

üHigher incidences of  minor injuries (0-day time loss injuries, noncontact injuries, surface/epidermal 
injuries, and muscle-related trauma) were reported on FieldTurf.

üHigher incidences of substantial and severe trauma (22+ days time loss injuries, head and neural 
trauma, and ligament injuries) were reported on natural grass.



Follow-up Research
Ü FieldTurf has been 

recommended as a practical 
option to natural grass in the 
prevention of injuries at the 
high school level of play

Ü To quantify the incidence, 
mechanisms, and severity of 
game-related college injuries
on FieldTurf versus natural 
grass

Meyers, 2010; Meyers & Barnhill, 2004



Follow-up Research

üHigher incidences of total, minor, substantial and severe trauma (22+ days time loss injuries, head 
and neural trauma, and ligament injuries) were reported on natural grass.

üLower incidences of injuries (shoe-surface contact injuries, high ankle/ syndesmotic sprains, 
joint/muscle trauma, and injuries during adverse field conditions) were reported on FieldTurf.



Collegiate FB Research
Ü Prospective cohort study
Ü Total of 31 NCAA Division-1A (FBS) 

universities
Ü Total of 1,164 games

595 FieldTurf (51.1%)
569 Natural Grass (48.9%)

Ü Seven-year period of competitive 
seasons and bowl games from 
2006-2012

Ü Various stadiums
ACC, Big 12, Big East, Big Ten, 
Conference USA, MAC, Mountain
West, Pac-12, SEC, Sun Belt, WAC

Ü School selection based on:
Availability of surfaces 
Uniformity of sport-skill
Full-time ATC staff



Collegiate FB Summary
Ü 24% Fewer Substantial Injuries
Ü 20% Fewer Severe Injuries
Ü 12% Fewer Cranial/Cervical Injuries
Ü 9% Lower Knee Injuries Combined
Ü 13% Fewer Shoulder Injuries Combined
Ü 60% Fewer Rotator Cuff Tears
Ü 27% Lower Incidence of Shoulder Lesions
Ü 11% Less Injury From Shoe Surface Interaction at 

Contact
Ü 20% Fewer Ligament Tears
Ü 20% Fewer Muscle Strains/Tears



Collegiate FB Summary
Ü 27% Lower Incidence of 2nd Degree Trauma
Ü 14% Lower Incidence of 3rd Degree Trauma
Ü 25% Fewer Injuries During Adverse Weather
Ü 9% Fewer Injuries on Newer Playing Surfaces
Ü 23% Fewer Injuries on 4 - 8+ Year Old Surfaces
Ü 74% Fewer Injuries on 8+ Year Old Surfaces
Ü 20% Fewer Player-to-Turf / Surface Impact 

Injuries
Ü 14% Muscle-Tendon Overload Injuries
Ü 10% Fewer Elective Imagery/Surgical Procedures
Ü 10% Less Lower Extremity Joint Trauma
Ü 24% Fewer High Ankle Sprains
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Methods – NCAA Men’s Soccer
Ü Prospective cohort study
Ü Total of 11 NCAA Division-1A 

universities
Ü Total of 765 matches

380 FieldTurf (49.7%)
385 Natural Grass (50.3%)

Ü Six-year period of competitive 
seasons and post-season 
matches from 2007-2012

Ü Various stadiums
Big East, Ivy League, Missouri 
Valley

Ü School selection based on:
Availability of surfaces 
Uniformity of sport-skill
Full-time ATC staff



NCAA Men’s Soccer Summary
Ü 25% Incidence of Total Trauma
Ü 22%  Incidence of Minor Trauma
Ü 46% Incidence of Substantial Trauma
Ü 41% Injuries During Adverse Weather
Ü 48% Injuries on New Playing Surfaces
Ü 66% Injuries on 8+ Year Old Surfaces
Ü 30% Player-to-Player Injuries

On FieldTurf when compared to 
natural grass



NCAA Men’s Soccer Summary
Ü 28% Shoe Surface-Contact Injuries
Ü 38% Shoe Surface-Noncontact Injuries
Ü 16% Player-to-Turf / Impact Injuries
Ü 44% Injuries Tackled From Side/Behind
Ü 23% Elective Imagery/Surgical Procedures
Ü 23% Lower Extremity Trauma Combined
Ü 82% Studded Cleat-Related Injuries

On FieldTurf when compared to 
natural grass



Conclusion

Ü FieldTurf is, in many 
cases, a safer 
alternative to natural 
grass



Follow-up Research
Ü Rather than playing on the 

polyethylene turf fibers, 
shoe:surface interaction actually 
occurs between the cleat and the 
various proprietary sand/rubber  
infill composites of varying 
weight. 

Ü At the time, however, the 
influence of surface infill weight 
on football trauma was unknown.
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National Recognition
Ü Sports Trauma and Overuse Prevention

(STOP) Sports Injury Award

American Orthopaedic Society for Sports Medicine
(AOSSM) Annual Meeting
Colorado Springs, CO
July, 2016



Research
Ü Official Journals of The American 

Orthopaedic Society for Sports 
Medicine (AOSSM)

Ü Members include team physicians 
involved in most professional, 
Olympic, and collegiate sports

Ü Tier 1 journal in research

Ü Both medically and scientifically 
peer-reviewed

Ü Rated #1 Orthopedic journal in the 
world over the last 5 years



Methods
Ü Prospective cohort, double-blind study 

focusing on competitive season and 
playoff games from 2010-2016

Ü Total of 57 high schools participating 
across four states (TX, So Cal, PA, MT)

Ü Artificial turf systems were divided into 
four sand/rubber infill weight groups
based on lbs per square foot: 

≥ 9.0
6.0 – 8.9
3.0 – 5.9
0.0 – 2.9



Methods
Ü Two-sided, single page injury surveillance form

52  Categories
485  Variables

Ü Double blind study

Ü School selection based on:
Availability of surfaces 
Uniformity of sport-skill
Full-time ATC staff

Ü Discussed with ATCs prior to season
Ü Written informed consent

Ü Injuries evaluated by ATCs and team physicians
Ü Follow-up to confirm diagnoses
Ü Injuries monitored beyond season

Ü Compiled ≤ 7 days after game

Meyers, Elledge, Sterling et al., 1990; Meyers & Barnhill, 2004; Meyers, 2010



Definitions
Ü Although any definition

of injury and level of
trauma lacks universal
agreement and has its
shortcomings, definition
of injury was based on
a combination of:

Functional outcome
Observation
Treatment

DeLee & Farney, 1992; Hagel et al., 2003; Meyers, 
2010; Meyers & Barnhill, 2004; Noyes et al., 1988; 
Prager et al., 1989; Thompson et al.,1987



Definitions
Ü A reportable injury was defined

as any game-related football
trauma that resulted in:

An athlete missing all
or part of a game

Time away from competition

Any injury reported or 
treated by ATC or physician

All cranial/cervical 
trauma reported

Meyers, 2010; Meyers & Barnhill, 2004



Definitions
Ü Injury Time Loss

Minor: 0-6 days time loss

Substantial: 7-21 days of 
time loss resulting in the 
athlete unable to return to 
the same collegiate 
competitive level of play

Severe: trauma that required 
22 or more days of time loss

DeLee & Farney, 1992; Meyers, 2010; Meyers & Barnhill, 2004; Thompson et al., 1987



Statistical Analyses
Ü Data were grouped by:

Injury category
Time of injury
Injury classification
Injury time loss
Position played at time of injury
Injury mechanism
Injury situation
Field location of injury
Primary type of injury
Grade of injury

Anatomic location of injury
Type of tissue injured
Head diagnosis
Knee diagnosis
Shoulder diagnosis
Environmental factors
Cleat design
Elective imaging/surgery
Turf age
Specific lower extremity joint 
and muscle trauma

ÜTabular-frequency distributions (SPSS)
ÜInjury Incidence Rate (IIR) per 10 games (# injuries / # games x 10)
ÜMultivariate analyses (MANOVAs, Wilks’ Lambda criterion)
ÜPost hoc analyses (ANOVAs, Tukey HSD)
ÜSignificance set a priori at P < 0.05



Results
Ü 1,837 high school games

528 (28.8%) on ≥ 9.0 infill
521 (28.4%) on 6.0 – 8.9 infill
525 (28.6%) on 3.0 – 5.9 infill
263 (14.2%) on 0.0 – 2.9 infill 

Ü 4,655 injury cases
917  injuries on ≥ 9.0 infill

1,324  injuries on 6.0 – 8.9 infill
1,590  injuries on 3.0 – 5.9 infill

824  injuries on 0.0 – 2.9 infill



Results
Ü MANOVAs

Severity of injury (F = 5.087;  P = .0001)
Injury category (F = 4.959;  P < .0001)
Primary type of injury (F = 3.039;  P < .0001)
Injury grade (F = 5.590;  P = .0001) 
Injury mechanism (F = 4.113;  P < .0001)
Field conditions (F = 6.184;  P < .0001) 
Imaging/surgical procedure (F = 5.692;  P = .0001) 
Cleat design (F = 15.570;  P < .0001) 
Turf age (F = 21.621;  P < .0001)



Results
Ü MANOVAs

Anatomical location (F = 2.721;  P = .004)
Type of tissue (F = 5.160;  P < .0001) 
Specific body location (F = 2.132;  P < .0001) 
Lower extremity-joint (F = 1.783;  P = .001) 
Lower extremity-muscle (F = 3.013;  P < .0001)
Injury situation (F = 1.505;  P = .019) 
Head (F = 3.577;  P = .0001)
Knee (F = 1.715;  P = .0001)
Skill position played (F = 0.932;  P = .557) 



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Severity

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Concussions

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Knee Trauma

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Injury Category

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Type of Injury

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Player Position 

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Injury Mechanism

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Injury Situation

Pounds of infill per square foot



Incidence of Game-Related High School Football 
Imaging/Surgical Procedures between Artificial Turf 
Infill Systems

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Injury Grade 

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Anatomy

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Type of Tissue

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Body Location

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Cleat Design

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Field Conditions

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Temperature

Pounds of infill per square foot



Incidence of Game-Related High School Football injuries 
between Artificial Turf Infill Systems by Turf Age

Pounds of infill per square foot



Summary
Total Injuries
Ü 19 – 29% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces

Substantial / Second Degree Injuries
Ü 35 – 55% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces

Severe / Third Degree Injuries
Ü 19 – 26% lower incidence of injury between >9 lbs/sq.ft 

and 0-5.9 lbs/sq.ft of infill weight

Player-to-Turf / Impact with Playing Surface
Ü 32 – 47% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces



Summary
Ligament Sprains and Tears
Ü 17 - 22% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces

Lower Extremity Trauma
Ü 18 - 27% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces

Shoe Surface During Contact Injuries
Ü 18 - 37% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces

Adverse Weather Conditions Combined
Ü 16 - 26% lower incidence of injury between >9 lbs/sq.ft 

and all other infill weight surfaces



Summary
Turf Age (New)
Ü 21 - 37% lower incidence of injury between >9 lbs/sq.ft

and all other infill weight surfaces

Turf Age (1 to 7 years)
Ü 19 - 23% lower incidence of injury between >9 lbs/sq.ft

and all other infill weight surfaces

Turf Age (8+ years)
Ü 58 - 63% lower incidence of injury between >9 lbs/sq.ft

and 0-5.9 lbs/sq.ft of infill

Total Diagnostic / Surgical Procedures Combined
Ü 25 - 36% lower incidence of imaging / surgical 

procedures combined between >9 lbs/sq.ft and all 
other infill weight surfaces



Conclusion

Infill Weight  Injury Rate

Ü Recommended that football fields
contain an infill weight of:

6.0 to 9.0 lbs/sq. ft



Thank you


