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ABSTRACT

OBJECTIVES: The impact of playing surfaces on sports-
related injuries remains a subject of debate, with limited
research comparing injury patterns across various sports
and competition levels.

METHODS: This study utilized the National Electronic
Injury Surveillance System (NEISS) database from 2004
to 2023. Sports-related injuries that occurred on artificial
turf and natural grass playing surfaces were identified
and analyzed.

RESULTS: Of 21,868 injuries, 76.3% occurred on grass
and 23.7% on turf. Rugby (OR: 8.35) and lacrosse (OR:
8.42) injuries were more common on turf, while soccer
and softball injuries were more frequent on grass. Dislo-
cations (OR: 4.73) and lacerations (OR: 5.41) were more
likely on grass, while strains/sprains (OR: 1.16) and
contusions (OR: 1.96) were more common on turf.

CONCLUSION: This study reveals significant variations
in injury patterns that occur on artificial turf and natural
grass playing surfaces across various sports and age, pro-
viding valuable evidence on the potential risks and dif-
ferences in injury patterns associated with each surface.

KEYWORDS: sports medicine; turf; grass; injury
epidemiology; playing surfaces; sports injury

INTRODUCTION

In the United States, over 8.5 million individuals partici-
pate in high school and collegiate athletics each year, with
an additional 10,000-15,000 athletes competing at the pro-
fessional level.!? Prior literature has estimated that 90% of
high school athletes suffer at least one injury during their
playing career, with 30-40% suffering multiple injuries.’
The prevalence of injuries is particularly high in contact
sports, affecting 75-80% of high school and 66-75% of
collegiate athletes.* Given the high incidence of injuries
among athletes, the identification of risk factors for injury
and the implementation of appropriate prevention strate-
gies is crucial. One recent area of focus has been the impact
of playing surfaces on injury rates, particularly the com-
parison between natural grass and artificial turf. Despite
these concerns, definitive conclusions about the injury
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risks of artificial turf remain unclear due to heterogeneity
in study design and inconsistent findings regarding injury
epidemiology across surfaces.>!?

While sports have traditionally been played on natural
grass, artificial turf, first introduced in the 1960s, has gained
popularity as an alternative to grass playing surfaces due to
its lower maintenance costs and long-term durability. Cur-
rent literature states that artificial turf systems are less com-
pliant and thus stiffer than grass counterparts, leading to an
overall decrease in shock absorption.'® This decreased shock
absorption is thought to inflict a greater rebound force on
athletes leading to greater injury risk; however, the validity
of this claim is debated and this effect may vary greatly with
the type of turf used.”

Prior studies regarding the epidemiology of injuries sus-
tained on artificial turf and natural grass surfaces have
demonstrated variable results, depending on factors such as
sport type, level of competition, artificial turf subtype, and
whether an athlete is practicing or competing in a game.!*?
As the use of artificial surfaces continues to increase, under-
standing the impact of these playing surfaces on athlete
health is pivotal to addressing the high injury rates among
athletes and between different sports. Therefore, our limited
understanding of the impact of playing surfaces on athlete
injury warrants further investigation.

The current study conducts a population-level analy-
sis to compare sports-related injury rates on artificial turf
and natural grass surfaces, seeking to provide a comprehen-
sive breakdown of specific risk factors and injury patterns
that may inform injury prevention strategies. We hypothe-
size that the distribution of injury location and injury type
will differ considerably between the two playing surfaces.
These findings will provide valuable information for athletic
programs considering surface transitions and enable the
implementation of targeted preventative measures.

MATERIALS AND METHODS

Data Collection

This retrospective cross-sectional analysis utilized data from
the US Consumer Product Safety Commission’s (CPSC)
National Electronic Injury Surveillance System (NEISS)
over a 20-year study period from 2004 to 2023.2* The NEISS
database compiles data from a nationally representative
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sample of 100 hospital emergency departments. Each case
includes pertinent patient- and encounter-level details from
emergency departments. The NEISS database has been
consistently used in several prior nationally representative
orthopedic studies as a reliable source for analyzing injury
epidemiology.?*3!

Over the 20-year study period, the NEISS recorded
7,306,740 cases, representing a total of 269,671,422 nation-
ally estimated cases. To isolate the relevant cases, injuries
occurring in a place of recreation or sports (NEISS location
code = 9) and injuries occurring specifically while playing
a sport, as specified by the sport activity codes provided by
the NEISS coding manual were isolated, leaving a total of
N =19,835,980 sport-related cases.?? To focus on orthopedic
injuries, we excluded cases where the injured body part was
the eyeball, head, mouth, face, ear, internal organs, pubic
region, or other non-specific areas, leaving a total of N =
15,690,498 cases for investigation. The “Narrative” cases for
this isolated group were then queried for “turf” or “grass.”
Cases where the narrative mentioned “turf” but not “grass”
were considered “turf” cases. Cases where the narrative
mentioned “grass” but not “turf” were considered “grass”
cases. Narratives that mentioned both or neither were
excluded. Remaining narratives were manually reviewed to
ensure that the remaining cases included an accurate and rel-
evant sport-related, turf-or-grass-related, orthopedic injury.
This left us with N = 681 cases, representing a nationally
estimated N = 21,868 cases, comprising N = 5,184 injuries
occurring on turf and 16,684 injuries occurring on grass.

Data for each case include variables such as treatment
date, patient age, sex, race, diagnosis, injured body part,
patient outcome, place of injury, and two narrative descrip-
tions. Age was categorized into the following groups: under
5,5-14, 15-24, 25-44, 45-64, 65 and older. Injury data were
categorized according to NEISS’s coding system, which
assigns to each case a diagnosis and injured body region. For
example, a shoulder dislocation while playing rugby would
be coded as: body part = 30 (shoulder); diagnosis = 55 (dis-
location); activity/product code = 3234 (rugby). The NEISS
does not use ICD-9 or ICD-10 diagnostic codes. Instead, it
utilizes a proprietary coding system to categorize diagno-
sis types and body parts affected, allowing for standardized
national surveillance and injury mechanism analysis.®
Diagnoses included strain/sprain, contusion/abrasion, lac-
eration/puncture, dislocation, fracture, burn, and “other.”
The NEISS dataset uses broad categories to describe the ana-
tomical locations of fractures, which may encompass more
specific fracture sites. For the upper extremity, fractures in
the lower arm may involve the radius or ulna in the forearm.
In the upper arm, the humerus may be fractured at the prox-
imal, shaft, or distal sections. Elbow fractures can affect the
distal humerus, proximal ulna, or proximal radius, including
the olecranon or radial head. Finger fractures may involve
the phalanges (proximal, middle, or distal) of specific digits,
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while hand fractures often involve the metacarpal bones.
Neck fractures may involve the cervical vertebrae, whereas
shoulder fractures may affect the clavicle, scapula, or proxi-
mal humerus. Wrist fractures may involve the distal radius,
distal ulna, or carpal bones. For the lower extremities, ankle
fractures may involve the distal tibia, distal fibula, or talus.
Foot fractures may affect the tarsals, metatarsals, or phalan-
ges. Knee fractures may involve the patella, distal femur,
or proximal tibia, while lower leg fractures can affect the
tibia or fibula, either in the shaft or distal ends. Upper leg
fractures may involve the femur, specifically the proximal
femur (hip), femoral shaft, or distal femur near the knee.
Toe fractures may affect the phalanges (proximal, middle,
or distal) of specific digits. For the trunk, fractures in the
lower trunk may involve the lumbar spine, sacrum, coccyx,
pelvis, or nearby bones. Upper trunk fractures may affect the
thoracic spine, clavicle, scapula, ribs, or adjacent structures.

Statistical Analysis

Student’s t-test and chi-square analyses were used to com-
pare demographics between the artificial turf and natural
grass cohorts. For each comparison, odds ratios and their
respective 95% confidence interval (CI) were utilized to com-
pare the likelihood of specific events occurring on turf ver-
sus grass. All statistical analyses were performed using Stata
Statistical Software 18.0 (College Station, TX: StataCorp
LLC). Following CPSC guidelines, statistical analyses, and
tests were performed using weighted sampling techniques
applied to the injuries, with the Survey Estimation Module
in Stata used to account for the survey design of the NEISS
database, including sampling strata and clustering variables.
A p-value of <0.05 was determined to represent statistical
significance.

RESULTS

A total of 21,868 sports-related injuries were identified with
16,684 (76.3%) injuries occurring on natural grass and 5,184
(23.7%) injuries occurring on artificial turf [Table 1]. There
were no statistically significant differences in age or sex
between the natural grass and artificial turf cohorts. The
average age of athletes with injuries occurring on natural
grass was 25.4 years old compared to 21.4 years old for ath-
letes injured on artificial turf. This age difference was not
statistically significant (p = 0.41). Both groups were predom-
inantly male with 73.9% of athletes being male in the natu-
ral grass group and 82.2% males in the artificial turf group.
The identified injuries were primarily sustained by white
athletes (46.7%); a full demographic breakdown is provided
in Table 1 and Figure 1.

Injuries on artificial turf playing surfaces were most
prevalent in football (53.2% of injuries) followed by soc-
cer (29.8%) and rugby (4.9%) [Table 2]. When compared to
injury rates on grass, rugby and lacrosse injuries were 8.35
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and 8.42 times more likely on turf (p <0.01), respectively,
whereas football injuries were 2.49 times more likely on turf
(p <0.01). Injuries sustained on natural grass playing surfaces
were most prevalent among soccer (35.4%), football (31.1%),
and softball (7.7%) players. Compared to injury rates on turf
surfaces, there was a higher injury rate on grass among ath-

letes playing softball and soccer (p = 0.012).

Table 1. Demographics and Descriptive Statistics
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Figure 1A. Age distribution of injuries: Turf

40.0

Percentage of Injuries

387

Grass Turf
Total N =21,868 N =16,684 (76.29%) | N=5,184 (23.71%)
Mean Age 25.41 21.37
Sex N (%*) N (%*)
Female 4,347 (26.06) 924 (17.83) Figure 1B. Age distribution of injuries: Grass
Male 12,337 (73.94) 4,260 (82.17) 6001 e
Race
White 8,248 (49.44) 1,968 (37.97) @
Black/African 1,337 (8.02) 713 (13.74) _§
American 'g
Asian 204 (1.22) 20 (0.38) g
American Indian/ 74 (0.45) 55 (1.06) v
Alaska Native
Not stated 2,009 (12.04) 525 (10.13)
Other 4,810 (28.83) 1,904 (36.72) <5 5-14 15-24 25-44 45-64 =55

*Represents the column percentage of either total turf or total grass injuries.

Table 2. Distribution of Athletic Injuries on Grass vs. Turf by Sport with Odds Ratio (OR)

Sport Turf N (%*) OR on Turf (95% Cl, p-value) Grass N (%*) | OR on Grass (95% Cl, p-value)
Football 2,758 (563.19) 2.49 (2.35-2.62, p <0.01) 5,234 (31.37) —

Soccer 1,542 (29.75) — 5,887 (35.28) 1.29 (1.25-1.33, p <0.01)
Softball 356 (6.86) = 1,253 (7.51) 1.1 (1.04-1.17, p = 0.012)
Rugby 251 (4.85) 8.35 (7.33-9.49, p <0.01) 101(0.60) —

Lacrosse 180 (3.47) 8.42 (7.21-9.77, p <0.01) 71 (0.43) =

Distribution of Athletic Injuries on Grass vs. Turf by Diagnosis with Odds Ratios (OR)

Laceration 79 (1.53) — 1,288 (7.72) 5.41 (6.10-5.72, p <0.01)
Dislocation 73 (1.40) = 980 (5.87) 4.73 (4.09-4.66, p <0.01)
Fracture 1,109 (21.39) = 4,717 (28.27) 1.45 (1.40-1.50, p <0.01)

Contusions/Abrasions

1,039 (20.04)

1.96 (1.83-2.10, p <0.01)

1,893 (11.34)

Strain/Sprain

1,795 (34.61)

1.16 (1.09-1.23, p <0.01)

5,232 (31.36)

Distribution of Athletic Injuries on Grass

vs. Turf by Body Part with Odds Ratios (OR)

Toe 554 (10.69%) 6.30 (5.76-6.88, p <0.01) 311 (1.87%) —
Hand 189 (3.64%) 6.15 (5.28-7.11, p <0.01) 102 (0.61%) —
Upper Leg 140 (2.69%) 2.05 (1.72-2.43, p <0.01) 223 (1.34%) =
Foot 447 (8.62%) 1.67 (1.51-1.84, p <0.01) 894 (5.36%) =

Lower Leg (excluding knee/ankle)

571 (11.01%)

1.59 (1.46-1.74, p <0.01)

1,203 (7.21%)

Elbow

448 (8.63%)

1.36 (1.23-1.50, p <0.01)

1,082 (6.49%)

Upper Trunk (excluding shoulder)

32 (0.62%)

895 (56.37%)

9.13 (8.52-9.76, p <0.01)

Lower Arm (excluding elbow/wrist)

81 (1.56%)

1,221 (7.32%)

4.90 (3.69-5.27, p <0.01)

Wrist

106 (2.04%)

973 (5.83%)

2.97 (2.78-3.17, p <0.01)

Ankle

481 (9.27 %)

2,737 (16.41%)

1.92 (1.84-2.00, p <0.01)
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Table 3. Odds Ratios (OR) by Body Part and Diagnosis on Turf vs. Grass
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Body Part Diagnosis Grass Turf OR on Turf OR on Grass
(%*) (%*) (95% Cl, p-value) (95% Cl, p-value)
Lower Leg (excluding knee or ankle) | Contusion/Abrasion 1.99 98.01 | 56.04 (38.50-84.63, p <0.01) —
Hand Fracture 9.83 90.17 9.4 (7.71-11.73, p <0.01) —
Foot Strain/Sprain 19.32 80.68 4.36 (3.87-4.89, p <0.01) —
Elbow Fracture 26.36 73.64 2.85 (2.33-3.50, p <0.01) —
Wrist Fracture 88.99 11.01 — 8.16 (7.46-8.11, p <0.01)
Knee Dislocation 86.02 13.98 — 6.36 (5.74-7.02, p <0.01)
Lower Trunk Strain/Sprain 87.34 12.66 — 7.04 (6.30-7.85, p <0.01)
Upper Trunk (excluding shoulder) Contusion/Abrasion 85.78 14.22 — 6.16 (5.49-6.89, p <0.01)
Shoulder (including clavicle) Dislocation 82.63 17.37 — 4.82 (4.21-5.49, p <0.01)
Elbow Strain/Sprain 79.43 20.57 — 3.91 (3.36-4.51, p <0.01)
Lower Leg (excluding knee or ankle) | Fracture 75.00 25.00 — 3.09 (2.75-3.47, p <0.01)
Lower Arm (excluding elbow or wrist) | Fracture 73.49 26.51 — 2.83 (2.61-3.08, p <0.01)
Ankle Fracture 71.09 28.91 — 2.55 (2.37-2.74, p <0.01)
Foot Fracture 71.30 28.70 = 2.53 (2.38-2.80, p <0.01)
*Represents the row percentage of either total turf or total grass injuries.
Table 4. Odds Ratios (OR) by Body Part, Diagnosis, and Sport on Turf vs. Grass
Body Part Diagnosis Sport Grass Turf OR on Turf OR on Grass
(%*) (%*) (95% Cl, p-value) (95% Cl, p-value)
Knee Dislocation Soccer 8.06 91.94 10.77 (6.57-16.64, p <0.01) —
Elbow Fracture Football| 23.18 76.82 | 13.53 (10.87-16.65, p <0.01) —
Elbow Contusion/ | Football| 6.96 93.04 | 13.39(10.63-17.3, p <0.01) —
Abrasion
Shoulder (including clavicle) Fracture Football| 8.38 91.62 | 11.10(9.31-13.15, p <0.01) —
Shoulder (including clavicle) Dislocation | Soccer 9.18 90.82 9.68 (5.41-15.98, p <0.01) —
Toe Fracture Soccer 9.48 90.52 9.68 (5.41-15.98, p <0.01) —
Foot Strain/Sprain | Soccer 14.62 85.38 6.01 (5.08-7.06, p <0.01) —
Lower Leg (excluding knee or ankle) | Strain/Sprain| Soccer | 23.50 76.50 3.31(2.25-4.70, p <0.01) —
Lower Arm (excluding elbow or wrist) | Fracture Soccer | 95.82 4.18 — 22.24 (20.13-24.50, p <0.01)
Wrist Fracture Soccer 90.36 9.64 = 9.38 (8.51-10.31, p <0.01)
Shoulder (including clavicle) Fracture Soccer | 81.82 18.18 — 4.50 (4.00-5.05, p <0.01)
Lower Leg (excluding knee or ankle) | Fracture Football| 75.88 24.12 — 3.09 (2.54-3.73, p <0.01)

*Represents the row percentage of either total turf or total grass injuries

When looking at the prevalence of specific types of inju-
ries that occurred on grass versus turf, we found that dislo-
cations, lacerations, fractures, and ankle injuries were more
likely to occur on grass playing surfaces [Table 2], whereas
contusions/abrasions, strains/sprains, and burns were more
likely to occur on turf surfaces [Table 2]. Dislocations were
4.73 times more likely on grass than on turf (p <0.01). Lacer-
ations were 5.41 times more likely on grass than on turf (p
<0.01). Fractures were 1.45 times more likely on grass than
on turf (p <0.01).

When looking at specific body parts injured on grass ver-
sus turf, we found that toe, elbow, hand, upper leg, lower leg,
and foot injuries were more likely to occur on turf, whereas
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upper trunk, forearm, wrist, and ankle injuries were more
likely to occur on grass [Table 2]. Toe injuries were 6.30
times more likely on turf than on grass (p <0.01). Elbow
injuries were 1.36 times more likely to occur on turf than
grass (p <0.01). Hand injuries were 6.15 times more likely
on turf than on grass (p <0.01). Upper leg injuries were 2.05
times more likely on turf than on grass (p <0.01). Lower leg
injuries were 1.59 times more likely on turf than on grass
(p <0.01). Foot injuries were 1.67 times more likely on turf
than on grass (p <0.01). However, on grass playing surfaces,
upper trunk injuries were 9.13 times more likely. Forearm
injuries were 4.9 times more likely on grass than on turf (p
<0.01). Wrist injuries were 2.97 times more likely on grass
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than on turf (p <0.01). Finally, ankle injuries were 1.92 times
more likely on grass than on turf (p <0.01).

When looking at both common diagnoses and the specific
anatomical location injured across all sports, we found that
lower leg contusions, elbow and hand fractures, and foot
strain/sprains were more likely on turf while forearm frac-
tures, wrist fractures, knee dislocations, lower trunk strain/
sprain, upper trunk contusion, shoulder dislocations, elbow
strain/sprain, lower leg fractures, and ankle/foot fractures
were more likely on grass than turf [Table 3]. Lower leg con-
tusions/abrasions were 56.04 times more likely on turf (p
<0.01). Elbow fractures were 2.85 times more likely on turf
(p <0.01). Hand fractures were 9.4 times more likely to occur
on turf (p <0.01). Foot strain/sprains were 4.36 times more
likely on turf (p <0.01). Conversely, forearm and wrist frac-
tures were 2.83 and 8.16 times more likely on grass, respec-
tively (p <0.01). Knee dislocations were 6.36 times more
likely on grass (p <0.01), whereas ankle fractures were 2.55
times more likely on grass (p <0.01). Foot fractures were 2.53
times more likely on grass (p <0.01). Lower trunk strain/
sprains were 7.04 times more likely on grass (p <0.01). Upper
trunk contusions were 6.16 times more likely on grass (p
<0.01). Elbow strain/sprains were 3.91 times more likely on
grass (p <0.01). Lower leg fractures were 3.09 times more
likely on grass (p <0.01).

DISCUSSION

Artificial turf is widely used as an alternative playing
surface to natural grass for all levels of athletic competi-
tion and offers improved cost, durability, and maintenance
requirements.?®> However, concerns persist regarding its
safety, particularly among professional athletes. Within the
National Football League (NFL), for instance, players have
expressed notable apprehension about the injury risks asso-
ciated with artificial surfaces; these concerns have been sub-
stantiated by recent studies linking artificial turf to higher
injury rates within the NFL.3*** Biomechanical studies also
suggest artificial turf generates greater torque and rotational
stiffness compared to natural grass, potentially increasing
injury risk.3¢-38

These significant differences between playing surfaces
suggest that biomechanical interactions between athletes
and playing surfaces are complex and sport dependent. Bio-
mechanical studies suggest artificial turf exhibits increased
torque, rotational stiffness, decreased force absorption, and
less cleat release than natural grass.’¢® This increased “grip”
may lead to greater forces being transmitted to an athlete’s
lower extremities during rapid changes in direction or when
the foot becomes fixed to the surface. These factors likely
contribute to the increased rate of lower extremity injuries
observed on turf in this study. Additionally, the elevated sur-
face temperatures, harder composition, and abrasive texture
of artificial turf may explain the increased likelihood of con-
tusions and abrasions and the exclusive observation of burns
on this surface in the present study.**
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In contrast, natural grass provides greater force absorp-
tion and cleat release under stress, potentially reducing
some injury risks. Surface variability and maintenance-
related inconsistencies may explain the increased preva-
lence of dislocations, lacerations, and fractures observed in
this study.333°

The observed differences in injury patterns between arti-
ficial turf and natural grass across various sports highlight
the complex interplay between playing surface character-
istics and sport-specific biomechanics. Injuries in football,
rugby, and lacrosse were more likely on turf playing sur-
faces, whereas injuries in soccer (p <0.01) and softball (p =
0.012) were more likely on natural grass. For instance, the
higher risk of knee dislocations in soccer players on artificial
turf may be related to the sport’s emphasis on rapid cutting
movements and sudden stops, which could be exacerbated
by the surface’s higher friction. In contrast, the increased
likelihood of shoulder and elbow fractures in football play-
ers on turf might be due to the harder surface leading to
greater impact forces during tackles and falls. The char-
acteristic hardness and reduced energy absorption of turf
compared to natural grass supports a 96% higher contusion
risk on artificial turf compared to grass. This biomechanical
difference likely increases impact forces during ball-player
collisions because it enables lacrosse balls and softballs to
maintain greater post-bounce velocities. The surface-ball
interaction hypothesis is supported by sport-specific injury
patterns. Lacrosse injuries were 8.42 times more likely on
turf, concentrated in upper extremity regions, suggesting
faster-moving balls increase defensive reaction errors and
impact severity.

Artificial turf’s high energy return in comparison to grass
surfaces facilitates faster movements but may inadvertently
increase high-speed collision potential.** Turf-associated
upper leg injuries (OR 2.05) and lower leg contusions (OR
56.04) could reflect both direct surface contact injuries
and increased collision forces. However, this effect appears
sport-dependent, as evidenced by soccer’s grass-dominated
injury pattern.

These results can inform preventive measures to reduce
the rate of injury and provide valuable information for pro-
grams considering the benefits and risks of natural grass and
turf playing surfaces. The higher incidence of contusions,
abrasions, and burns on turf surfaces necessitates improved
and directed protective measures, including appropriate
clothing and equipment. For grass surfaces, interventions
should focus on mitigating factors contributing to dislo-
cations and fractures. This may include optimizing field
maintenance practices where financially feasible, imple-
menting player training programs to enhance balance and
landing mechanics, exploring cleat designs that balance
traction with joint protection, and educating athletes about
surface-specific risks.

Strength and conditioning programs should also adapt
to the primary playing surface, emphasizing upper-body
strength and fall techniques for turf, and lower-body
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stability for grass. Equipment manufacturers can contribute
by developing specialized protective gear, such as reinforced
upper body padding for turf play and specialized cleats for
grass surfaces. Similarly, sports medicine teams must be pre-
pared for the distinct injury profiles of each surface, ensuring
appropriate on—field and follow—up care. Educating athletes,
coaches, and parents about these differential risks is essen-
tial for promoting proactive injury prevention across all
levels of play.

Limitations
Our study has several limitations that warrant consider-
ation. The main limitation involves the structure and spec-
ificity of the NEISS database. The coding system does not
allow for granular anatomical or diagnostic specificity. For
example, common injuries in athletic populations, such as
hamstring strains and tears would be grouped broadly under
“upper leg” (body part code = 81) and “strain/sprain” (diag-
nosis code = 64). This limits our ability to identify specific
muscle injuries or detailed injury patterns. Similarly, broad,
nonspecific categories like “upper trunk” or “lower trunk”
include a wide range of potential body parts and injuries.
These factors may reduce clinical specificity. Moreover,
while NEISS data are coded by trained professionals at par-
ticipating hospitals using standardized criteria, variability in
chart interpretation and reporting may introduce inconsis-
tency. Coding accuracy relies on both the detail of clinician
documentation and the coders’ interpretation of that infor-
mation, which may result in some degree of misclassifica-
tion or generalization of an injury or diagnosis.
Additionally, the retrospective design limits causal infer-
ences about the relationship between surface type and injury
risk. The majority of injuries (76.29%) were found to have
occurred on grass, with only 23.71% on turf, however, it
is most likely that far more games and practices were held
on natural grass, so this may not necessarily reflect the dif-
ferences in relative safety. Data collection from emergency
room records may have skewed the results towards more
severe injuries, as minor injuries are less likely to require
emergency care. Additionally, reliance on narrative data to
identify surface type may have introduced misclassification
bias. The lack of exposure data (e.g., time spent playing on
each surface) limits the ability to calculate true injury rates.
Lastly, confounding factors such as shoe type, rest time, field
conditions, generation of artificial turf, field maintenance
conditions, previous injury history, and level of competition
were unable to be controlled for.

CONCLUSION

In conclusion, this study reveals significant variations
in injury patterns that occur on artificial turf and natural
grass playing surfaces across various sports and age, pro-
viding valuable evidence on the potential risks and injury
patterns associated with each surface. These findings can
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inform tailored interventions, equipment standards, and
athlete education to improve player safety. Further research
is needed to investigate biomechanical mechanisms under-
lying surface-specific risks and to develop comprehensive
prevention strategies that address demographic and environ-
mental factors.
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