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Background: Few longitudinal studies exist comparing medical procedures after football injuries on artificial and natural grass
surfaces.

Purpose/Hypothesis: The purpose of this study was to specifically compare imaging and surgical procedures after surface-
related collegiate football injuries on artificial turf versus natural grass. It was hypothesized that there would be no difference
in the incidence of imaging and surgical procedures, combined medical procedures, or combined substantial and severe injuries
over time between these surfaces.

Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 39 universities across all Football Bowl Subdivision conferences were evaluated over 15 seasons (2006-
2020). Playing surfaces evaluated were either a heavyweight artificial turf infill system (�9.0 lb infill/ft2) or natural grass. Outcomes
of interest included medical procedures across injury category, primary injury type, injury location, and specific procedures. Data
involved multivariate analyses of variance (MANOVA) and Wilks l criteria using general linear model procedures and were ex-
pressed as medical procedure incidence rates (IRs) per 10-game season.

Results: Overall, 2224 games were documented: 1106 (49.7%) on artificial turf and 1118 (50.3%) on natural grass. Of the 9137
total injuries reported, 4010 (44%) were surface-related cases. MANOVA indicated significant main effects between surfaces ac-
cording to imaging procedure (F2,1738 = 4.718; P = .009), surgical procedure (F1,539 = 5.974; P = .003), and medical diagnosis
(F2,456 = 2.643; P = .040). Post hoc analyses indicated significantly lower (P\ .05) incidences on artificial turf versus natural grass,
respectively, for the following outcomes: imaging procedures ordered after player-to-surface impact trauma (IR [95% CI], 1.5 [1.3-
1.8] vs 2.1 [1.9-2.4]), shoe-to-surface trauma during physical contact (4.4 [4.1-4.7] vs 5.2 [4.9-5.5]), foot injuries (0.6 [0.5-0.7] vs
1.1 [0.9-1.2]), ligament sprains/tears (4.6 [4.3-4.9] vs 5.3 [5.0-5.6]), muscle strains/tears (0.2 [0.2-0.3] vs 0.7 [0.6-0.9]), surgeries
performed after shoe-to-surface trauma during physical contact (1.1 [0.9-1.3] vs 1.6 [1.4-1.8]), lower body surgeries (1.8 [1.6-
2.0] vs 2.3 [2.1-2.6]), and surgeries involving ligament tears (1.0 [0.9-1.2] vs 1.5 [1.3-1.7]), as well as fewer diagnoses of syndes-
mosis sprains/tears (0.7 [0.5-0.8] vs 1.0 [0.8-1.2]) and Lisfranc trauma (0.3 [0.2-0.4] vs 0.5 [0.4-0.7]). Trends over the 15 seasons
indicated a significant rise in combined medical procedures (P = .005) and combined substantial and severe injuries (P = .0007)
irrespective of surface.

Conclusion: Results indicated that collegiate football competition on heavyweight artificial turf resulted in lower incidences of
imaging and surgical procedures and medical diagnoses compared with natural grass.
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Today’s new generation of artificial turf infill systems are
increasingly being installed to duplicate or exceed the play-
ing characteristics of natural grass. Although components
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vary, in most cases, these synthetic surfaces are composed
of a polyethylene slit-film or monofilament/polypropylene
fiber blend, stabilized with a 2- or 3-layer infill made of
sand and ground ambient styrene-butadiene rubber and
laid over a crushed rock base for stability and drainage.

Although heavier weight (�9.0 lb/ft2) infill systems are
widely used at the National Collegiate Athletic Association
(NCAA) and National Football League levels of competition
and have been proven to provide greater safety than lighter
weight artificial infill systems,37 most studies have focused
on injury incidence, with minimal attention to medical
interventions after competition. Limited research address-
ing surgical procedures has been retrospectively conducted
at the high school level,50 with multiple sports across all
NCAA divisions55 and on a single collegiate football team.34

Except for 1 study involving surface-related trauma and
subsequent medical attention in collegiate soccer,36 none
has focused on imaging procedures or the influence of play-
ing surface on medical procedures after football trauma.
When juxtaposed against the increasing number and phys-
ical attributes of today’s football athletes6,13,42 and the ris-
ing number of surgeries and rehabilitation reaching into
the millions of dollars each season,33,41 efforts to delineate
factors possibly contributing to injury have become a prior-
ity to enhance player safety.4,32,33,49,58 Recent authors
have encouraged future research to move beyond simply
quantifying trauma in various sports to addressing the
subsequent medical procedures and challenges faced by
athletes and their families as well as the potential long-
term sequelae as they navigate toward an optimal quality
of life and return to play.3

At this time, limited longitudinal studies exist specifi-
cally comparing medical procedures after football injury
from competitive play on artificial and natural grass surfa-
ces. Therefore, in this prospective study, we quantified
imaging and surgical procedures after surface-related col-
lege football game trauma on artificial and natural grass
fields. We hypothesized that college football athletes would
not experience any difference in the incidence of imaging
and surgery after surface-related injury on artificial turf
and natural grass. We also hypothesized that there would
not be a rise in combined medical procedures or an increase
in combined substantial and severe injuries over time.

METHODS

Study Population

The study protocol was approved by the institutional
review board at the university in which the study was

based, and the study was conducted in accordance with
the Declaration of Helsinki. A total of 39 universities
were evaluated over 15 competitive seasons (2006-2020)
across all Football Bowl Subdivision (FBS) conferences
for game-related football injuries requiring imaging and
surgical procedures after competitive play on artificial
turf and natural grass. Criteria for inclusion were based
on the availability of both playing surfaces during the
same season, the same level of competitive play, and the
involvement of a staff of certified athletic trainers (ATC
[athletic trainer certified]). This ensured adequate sample
size, similarity of sport skill, and a uniform level of profes-
sional knowledge among those evaluating and reporting
injuries for the study.37,51

After games played on lightweight infill systems were
removed (n = 376), selection bias was avoided by reporting
on all remaining 2224 games played over the 15-year
period on heavyweight artificial turf and natural grass
throughout the study. Various stadiums were used by all
39 universities during home and away games. All teams
had home facilities with either an indoor or outdoor artifi-
cial turf infill system.

Study Procedures

The evaluated playing surfaces were a heavyweight, artifi-
cial turf infill system (�9.0 lb infill/ft2) and natural grass.
For this prospective cohort study, an established compre-
hensive injury surveillance system was used to collect
data, as previously described.23,35 Descriptive features
and predictors included specific university, ATC, date of
injury, personnel determining the injury, athlete weight,
type of playing surface, surface quality, period of injury,
year and skill level of athlete, and game location where
the injury occurred. Outcomes of interest included injury
category; anatomic location of trauma; primary type of
injury; and specific shoulder, hand, knee, ankle, and foot
diagnoses.

After sending an open invitation to all FBS universities
that met the criteria for inclusion, interested head ATCs
for each university were provided with an overview of
the study purpose and procedures, copies of the injury sur-
veillance form, and detailed instructions for completion to
avoid the potential for performance and detection
biases.49,51 Communication was maintained by the author
to discuss potential concerns and ensure accuracy of collec-
tion, comprehensiveness of information, and ease of
application.

All regular season, conference playoff, and bowl games
were included. Injury data and subsequent imaging and
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surgeries were recorded after games, with adjunct support
from ATC notes to avoid lapse of memory leading to inac-
curacy or response distortion.39,49 All game injuries were
evaluated by the attending ATC and team physicians on-
site and, subsequently, in the physician’s office when fur-
ther follow-up and treatment were deemed necessary in
accordance with established guidelines.16 Any game
trauma that occurred toward the end of the competitive
schedule was monitored beyond the player’s specific season
to determine the date of recovery and functional return to
play, with both team and nonuniversity medical staff pro-
cedures documented.36,39,48

If minor injuries occurred, completed injury surveil-
lance forms were emailed to the investigator within 7
working days after a game. Follow-up telephone visits
were used to obtain any additional information pertaining
to any changes or additions in diagnosis, treatment, or
time to return to play. To avoid the potential for on-field
detection bias,51 a single-blind outcome approach was
maintained throughout the study period, with data collec-
tion of injuries and medical procedures limited to the ATCs
and the authors’ role limited to data compilation and
analyses.

Definitions

The definition of injury was based on a combination of
functional outcome, observation, and treatment.39,44 A
reportable surface-related injury was defined as any
game-related football trauma involving player-to-surface
impacts, shoe-to-surface during physical contact, and
shoe-to-surface during non physical contact trauma
reported or treated by the ATC or physician that resulted
in an athlete’s missing all or part of a game.23,37,39 Injury
severity was based on the number of days absent from
game competition (time loss). As previously described,
a minor injury was defined as any trauma that required
0 to 6 days of time loss, a substantial injury was any
trauma requiring 7 to 21 days of time loss resulting in
the athlete’s being unable to return to play at the same
competitive level, and a severe injury was defined as any
trauma that resulted in � 22 days of time loss.35,38

Imaging comprising computed tomography (CT), mag-
netic resonance imaging (MRI), radiography, and in-sea-
son/postseason surgeries was documented. Injury
category solely comprised surface-related trauma consist-
ing of player-to-surface impact, injuries attributed to
shoe-to-surface interaction during player contact, and inju-
ries attributed to shoe-to-surface interaction without
player contact (ie, noncontact).35

The anatomic location of imaging and surgeries was
condensed to 29 anatomic sites. Primary type of injury
resulting in imaging and surgical procedures was com-
bined into the following categories: surface or epidermal
(abrasion, laceration, puncture wound), contusion, concus-
sion, herniation, inflammation (bursitis, tendinitis, fascii-
tis, synovitis, capsulitis, apophysitis), ligament sprain
or tear, cartilage tear, muscle-tendon strain or tear,
hyperextension, neural injury (burner, brachial plexus),

subluxation or dislocation, and fracture (standard, epiphy-
seal, avulsion, stress, osteochondral).9,35

Selective diagnoses after surface-related shoulder and
hand injuries and imaging consisted of acromioclavicular
separation, rotator cuff tear/strain, various syndromes
(dead arm, impingement), subluxation/dislocation, lesions
(superior labrum anterior-to-posterior [SLAP], Hill-Sachs,
Bankart), and other maladies (gamekeeper thumb, Bou-
tonniere). Knee trauma was grouped by isolated cruciate/
collateral ligaments and menisci, ligamentous trauma
with associated tissue, fractures (osteochondral, patellar),
and syndromes (patellofemoral, plica). Ankle and foot
trauma consisted of sprains and tears (syndesmosis, Lis-
franc, Chopart, turf toe), and fractures (Jones, Lisfranc,
Maisonneuve, dancer fracture).

Statistical Analysis

Data were grouped by surface (artificial turf, natural
grass) by outcomes of interest, and tabular-frequency dis-
tributions were computed using SPSS Statistics software
(Version 28.0; IBM), with 95% CIs determined as described
elsewhere.54 Data were then subjected to multivariate
analyses of variance (MANOVAs) and Wilks l criteria
using general linear model procedures and were expressed
as imaging and surgical incidence rates (IRs; calculated as
[number of procedures/number of team games] 3 10) per
10 team games, as previously reported.28,35 Data screening
indicated no violations of multivariate normality, linearity,
outliers, homogeneity of variance, multicollinearity, or sin-
gularity.54 When significant main effects were observed,
univariate post hoc procedures were performed within
each dependent variable based on the total percentage of
imaging and surgical procedures from injuries reported
on artificial turf and natural grass. An experiment-wise
type I error rate of .05 was established a priori, and least
squared means procedures were required because of the
uneven number of observations on which to compare dif-
ferences among variables. Statistical power analyses (1
– b; n-size calculations) were performed at the P value
selected to establish significance in this study. Based on
the number of games played on both artificial turf and
natural grass surfaces, the number of documented inju-
ries and subsequent imaging and surgical procedures pro-
vided adequate statistical power for analyses (1 – b =
0.732-1.000).

Simple linear regression models with natural grass–
related combined medical procedures, artificial turf–
related combined medical procedures, mean combined
medical procedures, and substantial and severe combined
injuries as dependent variables were used to establish
trends over time. The coefficient of determination (R2) val-
ues derived from the trend lines were converted to r values
for Pearson product-moment correlation interpretation,
which were used to analyze the association between com-
bined medical procedure incidence rates on either surface
with time, and substantial and severe injury incidences
with time. The magnitude of correlation was interpreted
according to the following criteria: �0.1, trivial; .0.1 to
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0.3, small; .0.3 to 0.5, moderate; .0.5 to 0.7, large; .0.7 to
0.9, very large; and .0.9 to 1.0, extremely large.17

RESULTS

A total of 2224 games were documented, of which 1106
(49.7%; 632 home, 474 away games) were played on
a heavyweight 3-layer artificial turf (�9.0 lbs/ft2) infill sys-
tem and 1118 (50.3%; 620 home, 498 away games) were
played on natural grass. The participating universities in
this study were split between the Power 5 conference
(53%; Atlantic Coast [22%], Big Ten [16%], Big 12 [22%],
Pac-12 [21%], and Southeastern [19%]) and the Group of
5 conference (47%; American Athletic [18%], Conference
USA [22%], Mid-America [19%], Mountain West [20%],
and Sun Belt [21%]).

In sum, 9137 total injuries were reported, 4010 (44%) of
which were surface-related cases, with 1757 injuries
reported on artificial turf and 2253 on natural grass,
comprising 1081 player-to-surface impacts, 2429 shoe-to-
surface injuries during physical contact, and 500 shoe-to-
surface injuries with noncontact. Surface-related trauma
on artificial turf resulted in 773 imaging (445 radiographs,
19 CT, 309 MRI) and 231 surgical procedures, with 965
imaging (523 radiographs, 36 CT, 406 MRI) and 308 sur-
geries performed after injuries on natural grass. Over the
15-year study, a mean of 51.5 imaging requests and 15.4
surgical procedures per season were documented after arti-
ficial turf–related injury, in contrast to a mean of 64.3
imaging requests and 20.5 surgical procedures per season
reported after natural grass–related trauma. The incidence
of surface-related injury attributed to foul play or illegal
action was similar across surfaces, comprising only 0.9%
of trauma that required advanced medical procedures.

MANOVA indicated a significant main effect by imag-
ing procedure (F2,1738 = 4.718; P = .009) between surfaces.
Post hoc analyses (Table 1) indicated significantly lower (P
\ .05) incidence of radiographs, CTs, MRIs, and imaging
procedures combined after trauma on artificial turf versus
natural grass. A significantly lower (P \ .05) incidence of
imaging procedures was ordered on player-to-surface
impact trauma, shoe-to-surface trauma during physical
contact, foot injuries, contusions, ligament sprains/tears,
and muscle strains/tears.

Regarding surgeries, MANOVA indicated a significant
main effect by surgical procedure (F1,539 = 5.974; P =
.003) between surfaces. Post hoc analyses (Table 2) indi-
cated significantly lower (P \ .05) incidences of postseason
and total surgeries, surgeries after shoe-to-surface trauma
during physical contact, ankle surgeries, and surgeries as
a result of ligament tears after competitive play on heavy-
weight artificial turf when compared with natural grass.
Surgical procedures involving artificial turf injuries
included single-tissue arthroscopic repair (n = 92; 40%),
multiple tissue reconstructive repair (n = 90; 39%), and
open reduction and internal fixation (ORIF; n = 49; 21%),
whereas (n = 152; 49%) natural grass trauma involved
single-tissue arthroscopic repair, followed by multiple

tissue reconstructive repair (n = 94; 31%) and ORIF (n =
62; 20%). Anterior cruciate ligament (ACL) and associated
tissue comprised 53% (n = 168; IR = 0.8) of surgeries per-
formed on the knee, whereas lesions (Bankart, Hill-Sachs,
SLAP) from player-to-surface impact comprised 63% (n =
34; IR = 0.2) of total shoulder surgeries, with no significant
surface effect. No information was available addressing
surgical revisions.

MANOVA indicated a significant main effect by medical
diagnosis (F2,456 = 2.643; P = .040) between surfaces. Post
hoc analyses (Table 3) indicated significantly lower (P \
.05) incidence of imaging procedures confirming syndesmo-
sis sprain/tears and Lisfranc diagnoses after injury on
heavyweight artificial turf when compared with natural
grass surfaces. Overall, syndesmotic sprains/tears resulted
in the greatest incidence of imaging procedures and subse-
quent diagnoses (n = 183; IR = 0.8), followed by ACL and
associated tissue (n = 168; IR = 0.8) and medial collateral
ligament cases (n = 146; IR = 0.7). No significant differen-
ces between surfaces (P . .05), however, were observed
across diagnostic procedures involving the knee.

Trends over the 15 seasons evaluated indicated an
increase in both combined medical procedures and
surface-related injuries (Figure 1). Pearson correlation
analysis revealed significant, large, positive correlations
for natural grass combined medical procedures (P = .015;
r = 0.612), mean combined medical procedures (P = .005;
r = 0.684), and substantial and severe combined injuries
(P = .0007; r = 0.776) with time as well as a nonsignificant,
moderate, and positive correlation for artificial turf com-
bined medical procedures (P = .081; r = 0.465) with time.
The coefficient of determination values for natural grass
combined medical procedures (R2 = 0.374), artificial turf
combined medical procedures (R2 = 0.216), mean combined
medical procedures (R2 = 0.467), and substantial and
severe combined injuries (R2 = 0.602) indicated that the
linear models had minimal predictive capability; however,
this was to be expected given the myriad factors that con-
tribute to injury.26

DISCUSSION

Although some similarities existed in the rate of medical
procedures ordered, games played on natural grass surfa-
ces resulted in significantly greater incidence of imaging,
surgical cases, and total medical procedures combined
when compared with artificial surfaces. Findings may be
related to the greater incidence (P \ .001) of substantial
and severe injury cases involving physical contact during
shoe-to-surface interaction on natural grass as compared
with artificial turf (IR [95% CI]: 5.0 [95% CI, 4.7-5.3]
vs 3.6 [3.3-3.9], respectively). This is supported by earlier
summations noting similar results when comparing the 2
surfaces,1,35,36,39 but it is in contrast to other studies
reporting a perceived rise in ACL trauma in a limited
review of multigenerational artificial turf studies in high
school and college football.5 Of note, surgical cases per sea-
son on both artificial turf (15.4) and natural grass (20.5) in
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this study were lower than the 25.4 operations per year
previously reported after collegiate football trauma.34

With regard to the potential influence of home and away
games played on artificial turf versus natural grass, the
0.8% difference in the number of home games as well as
the 2.4% difference in the number of away games played
between the 2 surfaces indicated minimal locational effect
on injuries and subsequent imaging and surgical
procedures.

Results may also be a function of less consistency in nat-
ural grass/soil surface quality as compared with heavy-
weight artificial turf infill systems.27,35 Securing field
surface maintenance records, as well as obtaining lower
extremity kinematic data during actual play, however,

was beyond the scope of this study, which limits further
supposition. Further investigation of the effects of various
maintenance regimens on biomechanics of the shoe-to-
surface interaction beyond the laboratory setting is recom-
mended to more closely replicate the environmental vari-
ability, player contact, and anatomic and neuromuscular
complexities during actual sports performance.19,26

The incidence of surgeries involving the ACL and asso-
ciated tissue trauma (53%) in this study was consistent
with earlier work indicating 35% to 59% of total knee sur-
geries involving the ACL.21,34,50 The number of shoulder
lesions resulting in surgery from player-to-surface impact,
regardless of playing surface, is consistent with prior
studies indicating 3% to 71% of total shoulder

TABLE 1
Incidence of Imaging After Surface-Related Trauma on Artificial Turf and Natural Grass

by Imaging Procedure, Injury Category, Anatomic Location, and Primary Injury Typea

Artificial Turf (n = 1097) Natural Grass (n = 1118) Total (n = 2215)

Variable n IR (95% CI) n IR (95% CI) n IR

Imaging procedure
Radiograph 445 4.1 (3.8-4.4)b 523 4.7 (4.4-5.0)b 968 4.4
CT 19 0.2 (0.1-0.3) 36 0.3 (0.2-0.4) 55 0.3
MRI 309 2.8 (2.6-3.1)b 406 3.6 (3.4-3.9)b 715 3.2
Total 773 7.1 (6.8-7.3)b 965 8.6 (8.4-8.8)b 1738 7.9

Injury category
Player-to-surface impact 168 1.5 (1.3-1.8)b 238 2.1 (1.9-2.4)b 406 1.8
Shoe-to-surface contact 486 4.4 (4.1-4.7)b 586 5.2 (4.9-5.5)b 1072 4.8
Shoe-to-surface noncontact 119 1.2 (0.9-1.3) 141 1.3 (1.1-1.5) 260 1.3

Anatomic location
Upper body 140 1.3 (1.1-1.5)b 201 1.8 (1.6-2.0)b 341 1.6

Head/neck 6 0.1 (0.0-0.1) 7 0.1 (0.0-0.1) 13 0.1
Shoulder girdle 77 0.7 (0.6-0.9) 101 0.9 (0.7-1.1) 178 0.8
Arm/wrist/hand 46 0.4 (0.3-0.6) 70 0.6 (0.5-0.8) 116 0.5
Thoracoabdominal 11 0.1 0.1-0.2) 23 0.2 (0.1-0.3) 34 0.2

Lower body 633 5.8 (5.5-6.1)b 764 6.8 (6.6-7.1)b 1397 6.3
Pelvis/hip 9 0.1 (0.0-0.2) 15 0.1 (0.1-0.2) 24 0.1
Upper leg 10 0.1 (0.1-0.2) 20 0.2 (0.1-0.3) 30 0.2
Knee 242 2.2 (2.0-2.5) 248 2.2 (2.0-2.5) 490 2.2
Lower leg 78 0.7 (0.6-0.9) 109 1.0 (0.8-1.2) 187 0.9
Ankle 207 1.9 (1.7-2.1) 218 2.0 (1.7-2.2) 425 2.0
Foot 63 0.6 (0.5-0.7)b 118 1.1 (0.9-1.2)b 181 0.9
Toe 24 0.2 (0.1-0.3) 36 0.3 (0.2-0.4) 60 0.3

Primary injury type
Concussion 1 0.0 (0.0-0.1) 3 0.0 (0.0-0.1) 4 0.0
Contusion 48 0.4 (0.3-0.6)b 98 0.9 (0.7-1.1)b 146 0.7
Fracture 92 0.8 (0.7-1.0) 76 0.7 (0.5-0.8) 168 0.8
Herniation 0 0.0 (0.0-0.0) 1 0.0 (0.0-0.1) 1 0.0
Hyperextension 3 0.0 (0.0-0.1) 7 0.1 (0.0-0.1) 10 0.1
Inflammation 8 0.1 (0.0-0.1) 20 0.2 (0.1-0.3) 28 0.2
Ligament sprain/tear 509 4.6 (4.3-4.9)b 588 5.3 (5.0-5.6)b 1097 5.0
Muscle strain/tear 26 0.2 (0.2-0.3)b 78 0.7 (0.6-0.9)b 104 0.5
Neural 2 0.0 (0.0-0.1) 1 0.0 (0.0-0.1) 3 0.0
Subluxation/dislocation 35 0.3 (0.2-0.4) 40 0.4 (0.3-0.5) 75 0.4
Tendon strain/tear 12 0.1 (0.1-0.2) 16 0.1 (0.1-0.2) 28 0.1
Torn cartilage 37 0.3 (0.2-0.5) 37 0.3 (0.2-0.5) 74 0.3

aWilks l imaging procedures, F2,1738 = 4.718; P = .009. CT, computed tomography; IR, incidence rate; MRI, magnetic resonance imaging.
bSignificant difference between surface types (P \ .05).
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cases.11,34,45,50,52,56 Foot (8%) and ankle (6%) trauma
requiring surgery were lower than the 21% previously
reported.34

The significant rise in the incidence of imaging and sur-
gical procedures over 15 seasons was not only influenced
by the increasing number of substantial and severe
game-related cases (Figure 1) but may also reflect addi-
tional factors. These include today’s athletes being larger,
more powerful, and faster than observed in prior deca-
des6,13; greater diagnostic training, awareness, and sophis-
tication of practitioners in identifying the growing array of
sports-related trauma29,31; and greater access to enhanced
imaging procedures24,60 as well as more expeditious surgi-
cal techniques leading to optimal return to play.7,46

Although prior findings remain equivocal, the significant
increase in lower extremity injuries and subsequent medi-
cal procedures observed in this study may also have been
influenced by recent rule changes that attempted to reduce
cranial/cervical trauma at the expense of greater knee and
ankle cases.57 Of major concern is that the overall results
are reflective of and consistent with the continuing

increase in severe trauma observed in both high school
and collegiate studies across both artificial and natural
grass surfaces,22,23,25 eventually resulting in increased
health-related issues at a later age.12,18,53

Even though the quality of grass surfaces were deemed
adequate throughout the study, the findings suggest the
need to further investigate the effect of modifications and
maintenance practices of playing surfaces on player safety
at this level of competition. Furthermore, with the growing
concern in increasing health care costs and equivocal
injury findings, the tracking of imaging and surgical proce-
dures has not been largely addressed in prior injury risk
studies.34,37,43,55,58 It is strongly encouraged that future
injury studies include posttrauma medical care to establish
a more accurate measure of severity of injury beyond sim-
ply time loss, leading to improvement of playing surfaces,
quality of care, and efficacy of outcomes. This may lead
to pertinent insight into actual safety improvements and
advance the sports medicine discussion beyond supposition
and simple documentation of the incidence and severity of
trauma across various sport surfaces.3

TABLE 2
Incidence of Surgical Procedures After Surface-Related Trauma on Artificial Turf and Natural Grass

by Surgery Timing, Injury Category, Anatomic Location, and Primary Injury Typea

Artificial Turf (n = 1097) Natural Grass (n = 1118) Total (n = 2215)

Variable n IR (95% CI) n IR (95% CI) n IR

Surgery timing
In-season 183 1.7 (1.5-1.9) 231 2.1 (1.8-2.3) 414 1.9
Postseason 48 0.4 (0.3-0.6) 77 0.7 (0.6-0.9) 125 0.6
Total 231 2.1 (1.9-2.4)b 308 2.8 (2.5-3.0)b 539 2.5

Injury category
Player-to-surface impact 39 0.4 (0.3-0.5) 55 0.5 (0.4-0.6) 94 0.5
Shoe-to-surface contact 121 1.1 (0.9-1.3)b 178 1.6 (1.4-1.8)b 299 1.4
Shoe-to-surface noncontact 71 0.6 (0.5-0.8) 75 0.7 (0.5-0.8) 146 0.7

Anatomic location
Upper body 36 0.3 (0.2-0.5) 46 0.4 (0.3-0.5) 82 0.4

Shoulder girdle 20 0.2 (0.1-0.3) 34 0.3 (0.2-0.4) 54 0.3
Arm/wrist/hand 15 0.1 (0.1-0.2) 12 0.1 (0.1-0.2) 27 0.1
Thoracoabdominal 1 0.0 (0.0-0.1) 0 0.0 (0.0-0.0) 1 0.0

Lower body 195 1.8 (1.6-2.0)b 262 2.3 (2.1-2.6)b 457 2.1
Pelvis/hip 0 0.0 (0.0-0.0) 1 0.0 (0.0-0.1) 1 0.0
Upper leg 3 0.0 (0.0-0.1) 5 0.0 (0.0-0.1) 8 0.0
Knee 147 1.3 (1.2-1.6) 172 1.5 (1.3-1.8) 319 1.4
Lower leg 22 0.2 (0.1-0.3) 27 0.2 (0.2-0.3) 49 0.2
Ankle 9 0.1 (0.0-0.2) 23 0.2 (0.1-0.3) 32 0.2
Foot 13 0.1 (0.1-0.2) 30 0.3 (0.2-0.4) 43 0.2
Toe 1 0.0 (0.0-0.1) 4 0.0 (0.0-0.1) 5 0.0

Primary injury type
Fracture 49 0.4 (0.3-0.6) 52 0.5 (0.4-0.6) 101 0.5
Herniation 1 0.0 (0.0-0.1) 0 0.0 (0.0-0.0) 1 0.0
Ligament tear 115 1.0 (0.9-1.2)b 168 1.5 (1.3-1.7)b 283 1.3
Muscle tear 3 0.0 (0.0-0.1) 6 0.1 (0.0-0.1) 9 0.0
Subluxation/dislocation 22 0.2 (0.1-0.3) 37 0.3 (0.2-0.5) 59 0.3
Tendon tear 6 0.1 (0.0-0.1) 7 0.1 (0.0-0.1) 13 0.1
Torn cartilage 35 0.3 (0.2-0.4) 38 0.3 (0.2-0.5) 73 0.3

aWilks l surgical procedures, F1,539 = 5.974; P = .003. IR, incidence rate.
bSignificant difference between surface types (P \ .05).
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Limitations and Strengths

There were potential limitations to the study that may
have influenced the type and number of reported injuries
leading to imaging and surgical intervention. These
included the inability to control the inherently random
variation in injury typically observed in high-collision
team sports36; the strength, conditioning, and body compo-
sition status of the athletes4,20,47,48; the influence of pre-
competition workloads30,59; previous injury history and

associated medical procedures8,10,14; variations in weather
conditions and quality of field maintenance4,8,30; differen-
ces in postural or joint integrity, musculoskeletal struc-
ture, and biomechanics of player movement4,8,15,33;
coaching style, experience and play calling5,35,48; foul
play and the quality of officiating8,38,48; actual versus
mean time to exposure to injury21,26; sports skill level, inten-
sity of play, and fatigue level at time of injury8,21,47; an ath-
lete’s reluctance in seeking help after injury40,49; unreported
congenital or developmental factors predisposing an athlete

TABLE 3
Selective Diagnoses After Surface-Related Trauma and Imaging on Artificial Turf and Natural Grassa

Artificial Turf (n = 1106) Natural Grass (n = 1118) Total (N = 2224)

Variable n IR (95% CI) n IR (95% CI) n IR

Shoulder and hand diagnoses
AC separation 45 0.4 (0.3-0.5) 47 0.4 (0.3-0.6) 92 0.4
Rotator cuff tear/strain 1 0.0 (0.0-0.1) 4 0.0 (0.0-0.1) 5 0.0
Dead arm syndrome 1 0.0 (0.0-0.1) 0 0.0 (0.0-0.0) 1 0.0
GH subluxation/dislocation 2 0.0 (0.0-0.1) 4 0.0 (0.0-0.1) 6 0.0
Impingement syndrome 0 0.0 (0.0-0.0) 2 0.0 (0.0-0.1) 2 0.0
SLAP lesion 4 0.0 (0.0-0.1) 10 0.1 (0.0-0.2) 14 0.1
Hill-Sachs lesion 3 0.0 (0.0-0.1) 5 0.0 (0.0-0.1) 8 0.0
Bankart lesion 6 0.1 (0.0-0.1) 6 0.1 (0.0-0.1) 12 0.1
Boutonniere deformity 5 0.0 (0.0-0.1) 2 0.0 (0.0-0.1) 7 0.0
Gamekeeper thumb 1 0.0 (0.0-0.1) 4 0.0 (0.0-0.1) 5 0.0

Knee diagnoses
Medial collateral 70 0.6 (0.5-0.8) 76 0.7 (0.5-0.8) 146 0.7
Lateral collateral 8 0.1 (0.0-0.1) 8 0.1 (0.0-0.1) 16 0.1
Anterior cruciate 27 0.2 (0.2-0.4) 36 0.3 (0.2-0.4) 63 0.3
Posterior cruciate 13 0.1 (0.1-0.2) 11 0.1 (0.1-0.2) 24 0.1
Medial meniscus 15 0.1 (0.1-0.2) 19 0.2 (0.1-0.3) 34 0.2
Lateral meniscus 22 0.2 (0.1-0.3) 20 0.2 (0.1-0.3) 42 0.2
Arcuate-popliteal complex 5 0.0 (0.0-0.1) 13 0.1 (0.1-0.2) 18 0.1
ACL/MCL 8 0.1 (0.0-0.1) 9 0.1 (0.0-0.2) 17 0.1
ACL/LCL 3 0.0 (0.0-0.1) 7 0.1 (0.0-0.1) 10 0.1
ACL/medial meniscus 11 0.1 (0.1-0.2) 6 0.1 (0.0-0.1) 17 0.1
ACL/lateral meniscus 12 0.1 (0.1-0.2) 12 0.1 (0.1-0.2) 24 0.1
ACL/MCL/medial meniscus 9 0.1 (0.0-0.2) 8 0.1 (0.0-0.1) 17 0.1
ACL/MCL/lateral meniscus 8 0.1 (0.0-0.1) 4 0.0 (0.0-0.1) 12 0.1
ACL/LCL/lateral meniscus 4 0.0 (0.0-0.1) 0 0.0 (0.0-0.0) 4 0.0
ACL/PCL/MCL/LCL 1 0.0 (0.0-0.1) 3 0.0 (0.0-0.1) 4 0.0
PCL/MCL 2 0.0 (0.0-0.1) 6 0.1 (0.0-0.1) 8 0.1
PCL/LCL/lateral meniscus 1 0.0 (0.0-0.1) 2 0.0 (0.0-0.1) 3 0.0
Osteochondral fracture 8 0.1 (0.0-0.1) 3 0.0 (0.0-0.1) 11 0.1
Patellofemoral syndrome 11 0.1 (0.1-0.2) 17 0.2 (0.1-0.2) 28 0.2
Plica syndrome 1 0.1 (0.0-0.1) 1 0.0 (0.0-0.1) 2 0.1
Patellar fracture 4 0.0 (0.0-0.1) 4 0.0 (0.0-0.1) 8 0.0

Ankle and foot diagnoses
Syndesmosis sprain/tear 75 0.7 (0.5-0.8)b 108 1.0 (0.8-1.2)b 183 0.9
Lisfranc injury 35 0.3 (0.2-0.4)b 59 0.5 (0.4-0.7)b 94 0.4
Chopart injury 3 0.0 (0.0-0.1) 5 0.0 (0.0-0.1) 8 0.0
Jones fracture 7 0.1 (0.0-0.1) 8 0.1 (0.0-0.1) 15 0.1
Maisonneuve fracture 1 0.0 (0.0-0.1) 1 0.0 (0.0-0.1) 2 0.0
Dancer fracture 1 0.0 (0.0-0.1) 0 0.0 (0.0-0.0) 1 0.0
Turf toe 26 0.2 (0.2-0.3) 29 0.3 (0.2-0.4) 55 0.3

aWilks l medical diagnosis, F2,456 = 2.643; P = .040. AC, acromioclavicular; ACL, anterior cruciate ligament; GH, glenohumeral; LCL, lat-
eral collateral ligament; MCL, medial collateral ligament; PCL, posterior cruciate ligament; SLAP, superior labrum anterior-to-posterior; IR,
incidence rate.

bSignificant difference between surface types (P \ .05).
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to additional injury4,21,48; unforeseen mishap23,48; or simply
for an acute injury to go unreported.23,25,38 Additional limi-
tations were the inability to obtain orthotic support infor-
mation before injury,6 the time between sport trauma and
advanced medical procedures,7,34 the incidence of multiple
operations over time,6,52 or long-term quality-of-life differ-
ences after trauma between the 2 surface groups.2,52

Key strengths of the study were the opportunity to track
a large number of FBS universities during the 15-year
period, utilizing prospective, validated methods that
reduced fluctuations often observed in single-season injury
patterns and individual team effect1,34 and minimized the
over- and underestimation of sport trauma observed in
publicly obtained databases.20,25,47 In addition, the com-
bined method of assessing functional outcome, direct
observation, and treatment records, as well as the daily
interactions of ATCs in direct communication with athletes
in this study, minimized the potential for transfer bias and
unreported injuries throughout the season.26,39 In totality,
these efforts enhanced the ability to identify injury differ-
ences, subsequent medical procedures, and trends across
time between artificial and natural grass fields.

The influence of risk factors other than an artificial turf
versus natural grass surface cannot be overlooked.
Because of the inherent challenges of collecting data on
multiple indices and on numerous teams and players
over an extended period of time, the degree of influence
from these risk factors remains a limitation that can only
be acknowledged at this time.5,26 However, the prospective
cohort multivariate design enhanced sample size, resulted
in variation of play on all surfaces, controlled for seasonal
and team variation, and allowed for greater insight into
both significant and subtle differences in imaging and sur-
gical procedures ordered after sport trauma on both heavy-
weight artificial turf and natural grass surfaces.

CONCLUSION

In contrast to perception and anecdotal experiences, in
many cases, the use of a heavyweight artificial infill sys-
tem in collegiate football competition was associated
with a reduction in the incidence and severity of
surface-related sport trauma, resulting in a significantly
lower incidence of imaging and surgical procedures
when compared with natural grass fields. The hypotheses
that (1) collegiate football athletes would not experience
any difference in the incidence of imaging and surgery
after surface-related injury on artificial turf and natural
grass and that (2) there would not be a rise in combined
medical procedures, nor an increase in substantial and/
or severe combined injuries over time, were not sup-
ported. When compared with natural grass, findings rein-
force the use of a heavyweight artificial infill system at
the collegiate level of play.

Finally, based on the observed trend for football trauma
to significantly increase over the 15-year period, what
appears to be an increase in aggression in competitive foot-
ball should be a concern while attempting to balance the
traditions of the sport with player safety. The growing
intensity of play leading to increased medical care needs
to be addressed beyond the playing surface.

This is, to our knowledge, the most extensive, multi-
team prospective longitudinal study to address postgame
medical procedures as they relate specifically to surface-
related injury in collegiate American football. Although
the findings of this study may be generalizable to only
the collegiate level of football competition, ensuring opti-
mal athletic safety through research-supported guide-
lines, rather than perception, should be foremost when
considering playing field installations at any level of
competition.
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Figure 1. Surface-related combined medical procedures compared with substantial and severe injuries over 15 seasons.
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