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Lower Extremity Injury Rates on Artificial
Turf Versus Natural Grass Surfaces in the
National Football League During the 2021
and 2022 Seasons

Nikit Venishetty,* BA, Angel X. Xiao,y MD, Ramesh Ghanta,y MD, Rohit Reddy,z BS,
Nirav Kiritkumar Pandya,y MD, and Brian T. Feeley,y§ MD
Investigation performed at the Department of Orthopaedic Surgery,
University of California, San Francisco, California, USA

Background: It has been argued that the use of artificial turf football fields in the National Football League (NFL) increases player
injury risk compared with natural grass surfaces.

Purpose/Hypothesis: The purpose of this study was to quantify the rate of lower extremity injuries occurring in NFL players on
artificial turf compared with natural grass surfaces and characterize the time missed due to injury and proportion of injuries requir-
ing surgery. It was hypothesized that lower extremity injuries requiring surgical intervention would occur at a higher rate on arti-
ficial turf than on natural grass.

Study Design: Descriptive epidemiology study.

Methods: Lower extremity injury data for the 2021 and 2022 NFL seasons were obtained using publicly available records. Data
collected included injury type, player position, player age, playing surface, weeks missed due to injury, and whether the patient
underwent season-ending or minor surgery. Multivariable logistic regression was performed to determine the risk of season-
ending surgery according to playing surface.

Results: When combining injuries for the 2021 and 2022 seasons (N = 718 injuries), the incidence rate of lower extremity injury
was 1.22 injuries/game for natural grass and 1.42 injuries/game for artificial turf. The odds of a season-ending surgery were found
to be significantly higher on artificial turf compared with natural grass (odds ratio = 1.60; 95% CI, 1.28-1.99; P \ .05), while addi-
tional variables, including weather, age, position, week of injury occurrence, and history of prior injury, did not influence the odds
of season-ending surgery.

Conclusion: The 2021 and 2022 NFL seasons of our analysis demonstrated a higher incidence rate of injuries on artificial turf
surfaces compared with natural grass surfaces. In addition, the odds of injury requiring season-ending surgery were found to
be significantly higher on artificial turf compared with natural grass.

Keywords: NFL injuries; playing surfaces; season-ending surgeries; natural grass; artificial turf

As the emphasis on player safety in the National Football
League (NFL) has increased in recent years, numerous
risk factors for injury have been closely scrutinized for
their roles in placing players at increased risk. One such
factor, the use of artificial turf as a playing surface,
has become a controversial topic, with many current
and former players stating that football fields that use

artificial turf place players at higher risk for injury,
while alternative sources have suggested there is no signif-
icant injury rate between artificial and natural grass
surfaces.12-14,21,23,24

Artificial playing fields have been utilized in the NFL
for the past 5 decades, with the first installed in the Hous-
ton Astrodome in 1966.19 Overtime, these artificial fields
have transformed from carpet-like asphalt bases to the
current use of permeable elastomeric layers of recycled
rubber, polyurethane, and mineral aggregate.23 Recently,
designers of these fields have transitioned into using infill

The Orthopaedic Journal of Sports Medicine, 12(8), 23259671241265378
DOI: 10.1177/23259671241265378
� The Author(s) 2024

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/

licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are

credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at

http://www.sagepub.com/journals-permissions.

Original Research



surfaces, a mat consisting of long polyethylene fibers with
spaces between the fibers that are filled with rubber par-
ticles or sand.4 By the start of the 2005 NFL season, all
NFL stadiums with artificial playing fields had installed
infill surfaces in place of the older generation artificial
surfaces.4

With the popularity of artificial turf football fields, there
has been discordance regarding player safety, especially at
the professional level. Previous studies that have assessed
injuries on collegiate and professional playing fields have
found statistically significantly higher rates of injuries on
artificial surfaces in comparison with those on natural
grass.4,18,21,23 Among these studies, there was variability
in the consistency of study design and statistical signifi-
cance, prompting future studies to assess the rate of inju-
ries on artificial turf playing surfaces.7,15

The purpose of this study was to quantify the rate of
lower extremity injuries occurring in NFL players on arti-
ficial turf compared with natural grass surfaces and charac-
terize the time missed due to injury and proportion of
injuries requiring surgery. We hypothesized that lower
extremity injuries requiring surgical intervention would
occur at a higher rate on artificial turf than on natural grass.

METHODS

Lower extremity injury data for the 2021 and 2022 NFL
seasons were obtained using publicly available records
from the internet (www.ESPN.com, www.NFL.com).16,17

The databases on ESPN provided in-game injury informa-
tion regarding NFL players from the season. As we were
unable to obtain information regarding injuries in practice,
we focused on in-game injuries that were reported on the
ESPN game summaries. All reported lower extremity inju-
ries during the regular and playoff seasons were analyzed.
Upper extremity, head, and back injuries were excluded.
Preseason data were also excluded due to the unavailabil-
ity of injuries reported on the ESPN game summaries.
Data collected included injury type, player position and
age, playing surface, weeks missed due to injury, and
whether the patient underwent minor surgery or major
(season-ending) surgery.

Statistical analysis was performed using R Software
(Rlabs). Descriptive statistics, including percentages and
counts for categorical and ordinal data and means with
interquartile ranges for continuous data, were used to
summarize data. The injury incidence was calculated for
the 2021 and 2022 seasons by calculating the ratio of the
number of injuries that occurred on grass and artificial

turf and the number of games played on the respective sur-
faces. Additionally, injuries were stratified into 4 categories
according to the number of games missed: 0, 1-2, 3-6, or .6.
Multivariable logistic regression was performed to determine
the influence of playing surface on the risk of major surgery.
P \ .05 was considered statistically significant.

RESULTS

A total of 718 lower extremity injuries were included in the
analysis, 327 injuries (45.54%) in 2021 and 391 injuries
(54.46%) in 2022. A demographic summary of these
injuries by position, age, field, and history of previous
injury is displayed in Table 1. Within the NFL as of the
end of the 2022 season, there were 16 stadiums surfaced
with natural grass and 13 stadiums with artificial turf
(Table 2).

To account for injury severity, we documented the sub-
sequent weeks of gameplay missed after an injury. The
incidence of these injuries by severity is shown in Table 3
and Figure 1. The overall incidence rate of lower extremity
injuries for the combined 2021 and 2022 seasons was 1.22
injuries/game for natural grass and 1.42 injuries/game for
artificial turf.

TABLE 1
Summary of Lower Extremity Injury

Data Collected (N = 718 Injuries)a

Variable Value

Injuries by year
2021 327
2022 391

Playing position
Control (quarterback, kicker, punter) 22
Defensive line 82
Offensive line 127
Running back, fullback, tight end 134
Secondary (cornerback, safety) 151
Wide receiver 96

Unspecifiedb 106
Age, y, mean (range) 26.29 (20-38)
Injuries by playing surface

Artificial turf 386
Natural grass 332

History of injury at injured site 100

aData are reported as No. of injuries unless otherwise indicated.
bPlayers without designated positions on team (special teams,

practice squad etc.).

§Address correspondence to Brian T. Feeley, MD, Department of Orthopaedic Surgery, University of California, San Francisco, 1500 Owens Street, San
Francisco, CA 94158, USA (email: brian.feeley@ucsf.edu) (Twitter/X: DrBrianFeeley).

*Paul L. Foster School of Medicine, Texas Tech Health Sciences Center, El Paso, Texas, USA.
yDepartment of Orthopaedic Surgery, University of California, San Francisco, San Francisco, California, USA.
zSidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, Pennsylvania, USA.
Final revision submitted November 18, 2023; accepted February 12, 2024.

One or more of the authors has declared the following potential conflict of interest or source of funding: N.K.P. has received education payments from
Evolution Surgical. B.T.F. has received education payments from Evolution Surgical. AOSSM checks author disclosures against the Open Payments Data-
base (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.

Ethical approval was not sought for the present study.
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In total, there were 50 players injured on natural grass
who required lower extremity surgery and 83 players
injured on artificial turf who required lower extremity sur-
geries. The most common surgeries after a lower extremity
on grass were anterior cruciate ligament (ACL) reconstruc-
tion (n = 17), Achilles repair (n = 9), and ankle or syndes-
mosis open reduction and internal fixation (n = 7). The
most common surgeries after a lower extremity on artifi-
cial turf were ACL reconstruction (n = 30), Achilles repair

(n = 12), and patellar open reduction and internal fixation
or patellar tendon repair (n = 8) (Table 4).

Bivariate modeling showed that the history of previous
injury as well as field type influenced the risk of surgery.
In the multivariate model, the odds of season-ending surgery
were significantly higher on artificial turf compared with
grass (odds ratio = 1.60; 95% CI, 1.28-1.99; P\ .05). Weather,
age, position, week, and history of previous injury were not
significant influences on the odds of season-ending surgery.

TABLE 2
Summary of Stadiums in the NFL According to Field Surfacea

Stadium Name (NFL Team)

Natural Grass Artificial Turf

Empower Field at Mile High (Denver Broncos) AT&T Stadium (Dallas Cowboys)
Allegiant Stadium, Las Vegas (Las Vegas Raiders) Bank of America Stadium (Carolina Panthers)
Arrowhead (Kansas City Chiefs) Caesars Superdome (New Orleans Saints)
FedEx (Washington Commanders) Ford Field (Detroit Lions)
First Energy Stadium (Cleveland Browns) Gillette Stadium (New England Patriots)
Hard Rock Stadium (Miami Dolphins) Highmark Stadium (Buffalo Bills)
Heinz Field (Pittsburgh Steelers) Lucas Oil Field (Indianapolis Colts)
Lambeau Stadium (Green Bay Packers) Lumen Filed (Seattle Seahawks)
Levi stadium (San Francisco 49ers) Mercedez-Benz Stadium (Atlanta Falcons)
Lincoln Financial Field (Philadelphia Eagles) MetLife Stadium (New York Giants/Jets)
M&T Bank Stadium (Baltimore Ravens) NRG Stadium (Houston Texans)
Nissan Stadium (Tennessee Titans) Paycor Stadium (Cincinnati Bengals)
Raymond James Stadium (Tampa Bay Buccaneers) SoFi Stadium (Los Angeles Rams/Chargers)
Soldier Field (Chicago Bears)
State Farm Stadium (Arizona Cardinals)
TIAA Bank Field (Jacksonville Jaguars)

aNFL, National Football League.

TABLE 3
Injuries Within the 2021 and 2022 NFL Seasons Stratified by Amount of Time Misseda

Season Total

Games Missed

Surgeriesb0 1-2 3-6 .6

2021
Injuries on natural grass 171 54 35 46 37 24
Incidence (injuries/game) 1.25 0.39 0.26 0.34 0.26 0.18
Injuries on artificial turf 156 41 36 39 40 36
Incidence (injuries/game) 1.16 0.30 0.27 0.29 0.29 0.27

2022
Injuries on natural grass 161 44 44 31 45 26
Incidence (injuries/game) 1.18 0.33 0.33 0.21 0.33 0.19
Injuries on artificial turf 230 59 64 44 63 47
Incidence (injuries/game) 1.68 0.43 0.47 0.34 0.44 0.34

Combined
Injuries on natural grass 332 98 79 77 78 50
Incidence (injuries/game) 1.22 0.36 0.29 0.28 0.29 0.18
Injuries on artificial turf 386 100 100 83 102 83
Incidence (injuries/game) 1.42 0.37 0.37 0.31 0.38 0.31

aData are reported as No. NFL, National Football League.
bData reported as number of surgeries on natural grass vs artificial turf, and their corresponding incidence rates.
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DISCUSSION

The study findings indicated that NFL players were at
a higher incidence of developing lower extremity injuries
on artificial turf compared with natural grass. On top of
this, the odds of a more serious injury requiring season-
ending surgery were found to be significantly higher on arti-
ficial turf compared with natural grass. The findings from
our study contribute to the ongoing discussion of injury dif-
ferences while playing on artificial turf surfaces versus nat-
ural grass, with the hope of prioritizing player safety.

Despite significant advancements in equipment, a grow-
ing emphasis on player safety, and the progress made in
treatments, the persisting rate of injuries in the NFL has
sparked ongoing debates regarding the safety of playing
on artificial turf fields. Previous studies have demon-
strated an increase in injury risk in artificial turf versus
natural grass surfaces.12-14,21,23,24 However, there has
been no recent assessment of the differences. The purpose
of this study was to compare the injury rates in the NFL for
artificial turf and natural grass over the 2 seasons of 2021
and 2022.

Players in the NFL and the NFL Players Association
have voiced concerns regarding the safety of artificial
turf fields.2-20 However, there has been substantial push-
back from several NFL owners and the league itself. Con-
cerns from players throughout the professional league
have warranted studies on the differences in injury rates
between artificial turf and natural grass playing fields.
Our results are similar to a previous study, as we found
that artificial turf is a serious risk factor for increasing
lower extremity injury.9 Moreover, a study that looked
at injury rates from 2000 to 2009 in the NFL similarly
found a 22% increase in both knee and ankle injuries on
FieldTurf in comparison with natural grass.4 Our find-
ings align closely with the results of both studies,

revealing a notable trend: over the past 3 years, there
has been a substantial surge (20%) in lower extremity
injuries on FieldTurf in comparison with those sustained
on natural grass.3 It is thought that the increasingly inte-
grated use of analytics and higher reporting of in-game
injuries has led to this increase, despite advancements
in player equipment.9

Additionally, a recent systematic review analyzed 53
articles across football, soccer, and other sports. Of the
included articles, 32 compared injury rates on artificial
turf and natural grass, and .37.5% (since over 12)
reported a higher overall injury rate on artificial turf. Of
the 32 articles, 3 (9.4%) reported a higher overall injury
rate on natural grass.3 However, it was interesting to
note that all 3 of those studies utilized ad hoc cohort selec-
tion and were supported by funding from the artificial turf
industry.10-12 Our findings corroborate previous studies
and underscore the importance of addressing injury risks
on artificial turf fields.

While these injuries are severely affecting players in the
NFL, the injuries associated with playing on artificial turf
fields extend to the collegiate and high school levels, fur-
ther emphasizing the increased injury risk. In a separate
study, 2460 knee injuries sustained over the course of 10
National Collegiate Athletic Association (NCAA) seasons
were examined by Loughran et al.8 They came to the con-
clusion that using artificial turf increases the chance of
sustaining certain knee ligament ailments. According to
their research, posterior cruciate ligament tears were sub-
stantially more common during competitions played on
artificial turf than on natural grass. During competitions
on artificial turf as opposed to natural grass, lower
NCAA divisions (II and III) were found to have greater
rates of ACL injuries.8

Figure 1. Injuries on artificial turf versus natural grass during
the 2021 and 2022 National Football League seasons.

TABLE 4
Summary of Lower Extremities Surgeries

Performed in the 2021 and 2022 NFL Seasonsa

Artificial Turf Natural Grass

Achilles tendon repair 12 9
ACL reconstruction 30 17
Meniscus 2 2
Patellar ORIF or tendon repair 8 3
Hamstring repair 1 1
Ankle or syndesmotic ORIF 7 7
Foot ORIF 6 3
Lisfranc repair 2 1
MCL repair 4 —
Quadriceps repair 1 2
Multiligamentous knee 2 2
Adductor repair 1 —
Knee surgery, unspecified 4 3
Hip surgery, unspecified 1 —
Tibial ORIF 2 —
Total 83 50

aData are reported as No. Dashes indicate data not reported.
ACL, anterior cruciate ligament; MCL, medial collateral ligament;
ORIF, open reduction and internal fixation.
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Interestingly, in our data analysis, we found a signifi-
cantly higher number of extensor mechanism injuries
and a very high number of ACL injuries in artificial turf
fields versus natural grass fields.

There are several technical and clinical indications that
can be drawn from our findings. First, it is important to
continually evolve synthetic turf to maintain its desirable
traits but also emphasize player safety. Its increased use
in recent years warrants further evaluation to protect
players from season-ending injuries that could signifi-
cantly alter their future. The altering of the future can
start at a young age, as studies have found that high school
athletes are 58% more likely to sustain injuries on artificial
turf than on natural grass.22 Not only does this negatively
affect their future health but it also affects their ability to
go into professional sports in the future.

The capacity of natural grass and artificial turf to
develop divots and release the cleat at loading magnitudes
and rates generated during elite sports competition has
been demonstrated by biomechanical testing of various
football cleats on a range of athletic surfaces.5,6 Artificial
turf is known to have less absorption of force for the play-
er’s knee and ankle, which increases the risk of injury.5,6,9

The lesser ability of artificial turf to release a cleat puts
more strain on a player’s extremities through greater force
and increased torque.5,6,9 On the other hand, natural grass
has been shown to often release the cleat before reaching
an injurious load.1,5,6,9 As a result, it is crucial that its
design takes into account the type of surface that will be
utilized with it as well as the precise mechanics of how
its cleat pattern will interface with synthetic surfaces.

Limitations

Our study has several limitations. Due to the use of public
records to collect data in this study, it is possible that the
method of data collection did not capture all sustained inju-
ries, providing an underestimate of the incidence of lower
extremity injuries. We understand this may limit the val-
idity of our results; however, we still believe this method
captures the general trend in injuries between the 2 fields.
Moreover, while we tried to control for confounding factors
such as weather, age, and history of a prior injury, we are
unable to account for personal factors such as player pref-
erence or league-specific factors that may influence the
decision to proceed with surgery. To the best of our knowl-
edge, this is the first study that has evaluated NFL injury
differences in the past 3 years. We hope this information
provides players, coaches, and teams with pertinent infor-
mation to promote player safety.

CONCLUSION

Our study showed that NFL athletes were more likely to
get injured on artificial surfaces and that artificial turf
dramatically increased the likelihood of sustaining a seri-
ous injury requiring surgery. These findings support prior
research highlighting the necessity of putting player safety

first and reducing danger on pitches with artificial turf.
For players, coaches, and teams to make decisions about
playing surfaces, the study offers useful information
regarding playing safety.
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