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Temporal trends in incidence

of time-loss injuries in four male
professional North American sports
over 13 seasons

Garrett S. Bullock®%3*, Elizabeth Murray*, Jake Vaughan* & Stefan Kluzek®2*

Sports-related injuries increase healthcare cost burden, and in some instances have harmful long
term physical and psychological implications. There is currently a lack of comprehensive data on
temporal injury trends across professional North American sports. The purpose of this study was to
compare temporal trends, according to incidence and time-loss injuries, by body part in professional
baseball, basketball, football, and ice hockey. Public injury data from Major League Baseball,
National Basketball Association, National Football League, and National Hockey League from 2007
to December 2019 were extracted and used. A mean of 62.49 injuries per 100 players per season was
recorded for all professional sports. The groin/hip/thigh reported the greatest season proportional
injury incidence for baseball, football, and ice hockey, with the groin/hip/thigh as the third highest
injury incidence in basketball. When stratifying by more specific body part groupings, the knee
demonstrated the greatest injury proportional incidence for basketball, football, and ice hockey, with
the knee as the third highest proportional injury incidence for baseball. There was an increased in
basketball ankle injuries following 2011-2012 season. Football and ice hockey reported the greatest
concussion proportion incidence, with football demonstrating an increase in concussions over time,
and a substantial increase in concussions from the 2014 to 2015 season. These publicly extracted
data and findings can be used as a shared resource for professional baseball, basketball, football, and
ice hockey for future individual and across sport collaborations concerning resource allocation and
decision making in order to improve player health.

It is estimated that annually more than 4000 athletes play in the top professional leagues for baseball, basket-
ball, football, and ice hockey (Major League Baseball (MLB), National Basketball Association (NBA), National
Football League, (NFL) and National Hockey League (NHL))'. Professional sport requires high physiologic?,
biomechanical®, and psychological stress*, which can increase and predispose a professional athlete to greater
injury risk>*. Injuries in professional sports have been reported as high as 3.61 per 1000 athlete exposures in
baseball, 19.3 in basketball, 64.7 in football, and 49.4 in ice hockey5’8. Sports-related injuries have a healthcare
cost’, and in some instances have long term physical'® and psychological implications'!. For years now, sports
medicine professionals and organizations have attempted to implement injury risk reduction strategies and pro-
mote safer participation'>"'%. A four step sequence for injury prevention by van Mechelen et al. includes Ref."*:
incidence and severity of sports injuries, the recognition of risk factors and injury mechanisms, identification
of potential modulators and evaluation of preventive measures. The time trend analysis of injury patterns is an
essential step in this process for both risk factors identification and evaluating the effect of potential modulators.

Many interventions have been shown to reduce specific injury risk'%. For example, incorporating Nordic
eccentric hamstring training has been shown to reduce hamstring strains in professional baseball players'2.
Further, implementing proprioceptive and balance training reduced ankle sprains and low back pain in profes-
sional basketball players!®. However, while injury risk reduction strategies are effective'>!°, these risk reduction
strategies may be adopted in one sport, but another sport with similar injuries may not adopt the same injury
mitigation interventions, potentially creating disparate injury rates'’.
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There is currently a lack of comprehensive data on temporal injury trends (vary across seasons) across the four
major professional North American sports mentioned above. This is despite the wide use of professional sports
reporting of not only players characteristics, sports specific performance, sports transactions but also major
injuries in addition to coverage of the events themselves. With relevant publicly available player performance
and injury data, professional sport presents a unique public platform to identify potential injury and illness risk
factors in well-conditioned and healthy individuals.

Deciphering time-loss injury temporal trends across these four major professional sports can be used to
compare and contrast injuries between the sports. These open access data and findings can be used by any person
interested in investigating injuries in these professional sports, as a shared resource for each individual sport, but
also as a beginning to collaborate on improving shared injury trends between sports. The purpose of this study
was to compare temporal trends, according to incidence and time-loss injuries, by body part in professional
baseball, basketball, football, and ice hockey.

Material and methods

Study design. We estimated and evaluated temporal trends of incidence in time-loss injuries using data-
sets from the Major League Baseball, National Basketball Association, National Football League, and National
Hockey League as maintained by the website (https://www.prosportstransactions.com). Temporal trend was
defined as incidence in time-loss injuries over the course of multiple seasons and stratified by sport and body
part. Following consultation with the University Institutional Review Board, institution ethical approval was not
needed for this study due to the public nature of the data.

Injury and illness definitions. An injury was defined as tissue damage or other derangement of normal
physical function reported by a player and his team that occurred during any team sponsored activity or event
and was followed by at least one game missed'®!"®. An illness was defined as a complaint or disorder reported
by a player and his team, not related to injury, and resulted in at least one game missed'®'*. Examples of illness
include physical, mental, or wellbeinglg.

Injury and illness inclusion and exclusion criterion. Season timeframe was based on the date of the
first official game or competition, and ended with the last playoff game or competition. Off season and preseason
injuries were not considered for analyses due to the sparseness and inconsistency in the data, and the inability
to corroborate if injuries were sustained during team sponsored activities. Injuries were based on body area
categories defined by the Orchard Sports Injury Classification System, which is further described in the next
section?*2!,

Injury classification. Wherever possible, we defined body areas anatomically as either joints or segments.
However, we made exceptions based on common clinical presentations. For example, concussion was an exam-
ple which does not fit to a specific joint or segment, but represents a specific body part subcategory. This is the
same approach recently published by the International Olympic Committee Injury and Illness Epidemiology
Consensus Group®®. We were not able to code more than one injury from a singular injury event, as time-loss
injury was coded for the most severe injury. In order to try to account for this issue, sub analyses utilizing sport
injury/illness diagnostic classification and coding were performed"®.

Using the Orchard Sports Injury Classification System, injured body parts were initially head/neck, shoulder/
arm/elbow, forearm/wrist/hand, trunk/back/buttock, groin/hip/thigh, knee, lower leg/Achilles tendon, ankle,
foot/toe, and concussion. Following initial body part classification, body parts were further grouped®»*'.

Data extraction. Data were downloaded using a reproducible process, often referred to as ‘data scraping,
in which a programming language extracts data from web sites, into a human-readable output®. Data extrac-
tion was conducted in R version 3.5.1, using the rvest, tm, and xml2 packages. Each sports data was extracted
from the Pro Sports transactions web page, with only missed games due to injury tab selected. Please refer to
Appendix 1 for a list of the sports websites. Sport data was extracted from 1980 to December 1, 2019. Please refer
to Appendix 2 for complete code.

Data reduction. Injury data was checked for consistency through visual inspection and grouping data by
year. Data was observed to be inconsistent prior to 2007. Inconsistencies included missed days (missing specific
game days), months, or teams. As a result, data prior to 2007 was dismissed from the data set.

Injury data from the beginning of each professional season in 2007 (MLB: April 1, 2007; NBA: October 30,
2007; NFL: September 6, 2007; NHL: September 9, 2007) to December 1, 2019 was utilized for this study. The
beginning date of each MLB, NBA, NFL, and NHL season was confirmed through official data reports. The end
of the season was coded as one month following the final playoff game. It was determined through consensus
that including injury reports one month following the season would capture season inflicted injuries. For full
dataset, please refer to Appendix 3.

External validation. This extracted dataset is based on systematic collection of published, publicly avail-
able injury reports over time. However, the blanket assertions on the good validity of those records cannot be
made without testing. For that reason, two independent examiners (EM and JV) used a random number genera-
tor to pick 100 players from each injury sport dataset and looked for externally published confirmation of those
reported injuries. Each examiner externally queried each player, date, and injury type through internet search
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Baseball Basketball Football Ice Hockey

Incidence Incidence Incidence Incidence
Body part proportion 95% CI proportion 95% CI proportion 95% CI proportion 95% CI
Ankle 1.79 1.76 | 1.81 |13.81 13.68 |13.94 |4.44 440 | 449 |1.80 1.77 | 1.83
Concussion 0.37 0.37 |0.38 1.68 1.64 1.72 | 345 342 |349 |3.17 313 | 321
Foot/toe 1.97 1.95 |2.00 6.27 6.18 6.35 |2.13 211 | 216 |2.40 2.36 | 244
Forearm/wrist/hand | 7.46 7.41 |7.52 5.69 5.61 577 | 117 1.15 | 1.18 |3.71 3.66 |3.75
Groin/hip/thigh 8.65 8.59 |871 |12.10 1198 | 12.22 |6.51 6.46 | 6.56 |7.44 7.37 1751
Head/neck 2.88 2.85 | 292 2.21 217 226 | 111 1.09 | 1.12 | 4.68 4.63 | 4.74
Knee 3.45 342 349 | 1394 13.81 | 14.07 |5.95 590 |6.00 |4.08 4.03 | 4.13
tLemZ;leg/ achilles 1 75 171 [176 | 421 415 | 428 | 134 132|136 |0.16 0.15 |0.18
Arm/shoulder/elbow | 6.92 6.86 | 6.97 4.94 4.86 5.01 |2.28 225 | 231 |3.42 3.38 | 347
Trunk/back/buttock | 6.78 6.73 | 6.83 8.01 7.92 8.11 |2.38 235 | 241 | 794 7.87 |8.02

Table 1. Mean proportional incidence with 95% confidence intervals per 100 players body part and sport.
95% CI 95% confidence interval.

and then compared these findings to the injury data set. 90% of randomly selected records were confirmed in
other reports, with some variation between sports: baseball is 83%, basketball 80%, football and ice hockey 98%
each (Appendix 4). It was concluded that the data set demonstrated good reliability in reporting injuries within
the four sports.

Statistical analyses. Injury count data were converted to seasonal injury incidence proportion. Propor-
tional injury incidence was calculated by number of injuries divided by number of total players for each indi-
vidual season. Injury incidence was then multiplied by a 100 to include each individual seasonal injury incidence
per 100 players. 95% confidence intervals were reported for injury incidence proportion®. Further, mean differ-
ence, minimum, and maximum proportional injury incidence per 100 players were also calculated to compare
to the individual seasonal analyses. Following main analyses, sensitivity analyses were performed to calculate
proportional injury incidence over aggregated five-season intervals to evaluate the influence of seasonal outli-
ers. The number of players per season were queried through baseball-reference.com, basketball-reference.com,
pro-football-reference.com, and hockey-reference.com. For full list of number of players per season, please refer
to Appendix 5. Data were descriptively analysed through means, counts, and visual plotting. All analyses were
performed in R version 3.5.1 (R Core Team (2020). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/), with mean, count, and
mean difference analyses performed in the package Hmisc and all plots created through the package ggplot2.

Ethics approval and consent to participate.
ethics approval was not needed for this study.

Due to the publicly available nature of the data, institution

Results

A total of 54,944 individual injuries were recorded: 17,065 for baseball, 13,930 for basketball, 10,019 for foot-
ball, and 13,930 for ice hockey. Over thirteen seasons, 51,861 players participated in these professional sports.
The average number of overall injuries for all four sports was 62.49 injuries per 100 players per season. Table 1
reports the injury incidence proportion by body part by sport. Table 2 reports the injury incidence proportion
by further body part groupings by sport. For injury incidence proportion in a tabular format by year and sport
and body part, please refer to Appendices 5-8. Further detail of injury incidence proportion by year, sport, and
body, please refer to injury incidence comparison by sport and season section.

Baseball. The highest baseball injury incidence was to the back, with a mean proportional injury incidence
from the 2007 through 2019 season was 4.69 per 100 players. Hamstring injuries had the second highest mean
proportional injury incidence of 3.84, followed by a 3.45 mean knee proportional injury incidence, 3.43 mean
shoulder proportional injury incidence, and a 2.59 mean elbow proportional injury incidence per 100 players
(Table 1). The highest peak proportional injury incidence was to the back in the 2014 season, with a peak mean
proportional injury incidence of 6.06 per 100 players (Appendix 5). Please refer to Appendix 5 for mean propor-
tional injury incidence by body part for the 2007 through 2019 seasons.

Basketball. The highest basketball proportional injury incidence was to the ankle, with a mean proportional
injury incidence from 2007-2008 through the 2019-2020 seasons was 13.82 per 100 players. A drop in propor-
tional injury incidence was observed at the beginning of the 2019-2020 season prior to end of data collection
on December 1, 2019. Knee injuries had the second highest mean proportional injury incidence of 13.37 per
100 players, followed by a 6.77 mean back proportional injury incidence, 4.11 mean foot proportional injury
incidence, a 3.18 mean hamstring proportional injury incidence, and a 2.60 mean adductor proportional injury
incidence per 100 players (Table 1). There was an NBA lockout during the 2011 season; which resulted in the
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Baseball Basketball Football Ice hockey
Incidence Incidence Incidence Incidence

Injury proportion 95% CI proportion 95% CI proportion 95% CI proportion 95% CI

Abdominal 0.37 0.36 0.38 0.61 0.60 0.62 0.20 0.19 0.21 0.32 0.31 0.33
Abductor 0.08 0.07 0.09 0.43 0.42 0.44 0.18 0.16 0.19 0.00 0.00 0.00
Achilles 0.24 0.23 0.25 1.47 1.43 1.50 1.39 1.37 1.41 0.11 0.09 0.13
Adductor 1.77 1.75 1.80 2.60 2.55 2.65 0.00 0.00 0.00 3.13 3.09 3.17
Ankle 1.79 1.76 1.81 13.81 13.68 13.94 4.44 4.40 4.49 1.80 1.77 1.83
Arm 0.40 0.40 0.41 0.25 0.23 0.26 0.19 0.18 0.20 0.52 0.52 0.53
Back 4.70 4.65 4.74 6.77 6.68 6.86 0.93 0.92 0.94 2.05 2.01 2.08
Bicep 0.31 0.30 0.32 0.21 0.19 0.23 0.10 0.09 0.11 0.11 0.10 0.13
Calf 1.16 1.15 1.18 2.26 221 2.31 0.98 0.97 1.00 0.19 0.17 0.21
Chest 0.21 0.20 0.22 0.33 0.32 0.35 0.39 0.38 0.39 0.22 0.20 0.23
Collarbone 0.08 0.06 0.09 0.20 0.18 0.22 0.10 0.09 0.12 0.14 0.13 0.16
Concussion 0.37 0.37 0.38 1.68 1.64 1.72 3.45 3.42 3.49 3.17 3.13 3.21
Elbow 2.59 2.56 2.62 1.18 1.15 1.21 0.35 0.34 0.36 0.23 0.22 0.24
Eye 0.27 0.26 0.28 0.53 0.52 0.53 0.12 0.10 0.13 0.48 0.48 0.49
Face 0.17 0.15 0.18 0.27 0.26 0.29 0.07 0.06 0.08 0.83 0.81 0.84
Fibula 0.08 0.06 0.09 0.28 0.26 0.29 0.15 0.14 0.17 0.13 0.12 0.15
Finger 1.49 1.47 1.51 1.05 1.03 1.08 0.18 0.17 0.19 0.67 0.66 0.68
Foot 1.28 1.26 1.30 4.11 4.05 4.18 1.59 1.57 1.62 2.14 2.11 2.18
Forearm 0.93 091 0.94 0.25 0.23 0.27 0.18 0.17 0.20 0.16 0.14 0.17
Gluteus 0.10 0.09 0.11 0.19 0.17 0.21 0.07 0.06 0.08 0.12 0.10 0.14
Hamstring 3.84 3.80 3.88 3.18 3.12 3.23 3.71 3.67 3.75 0.30 0.29 0.31
Hand 1.78 1.75 1.80 1.30 1.27 1.33 0.46 0.46 0.47 1.71 1.68 1.74
Head 0.88 0.86 0.89 0.76 0.74 0.78 0.53 0.53 0.54 2.00 1.97 2.04
Heel 0.29 0.28 0.30 0.63 0.61 0.64 0.13 0.12 0.14 0.12 0.10 0.13
Hernia 0.17 0.15 0.18 0.30 0.28 0.31 0.15 0.13 0.16 0.20 0.19 0.22
Hip 1.08 1.07 1.10 2.87 2.81 2.92 0.42 0.42 0.43 1.16 1.14 1.18
Intercostal 0.10 0.09 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.29 0.32
Jaw 0.13 0.11 0.14 0.39 0.37 0.40 0.13 0.12 0.14 0.00 0.00 0.00
Knee 3.45 3.42 3.49 13.37 13.25 13.50 5.95 5.90 6.00 3.78 3.73 3.83
Leg 0.66 0.65 0.66 0.96 0.94 0.98 0.22 0.21 0.23 2.03 2.00 2.07
Neck 1.54 1.52 1.56 0.68 0.67 0.70 0.66 0.66 0.67 0.85 0.84 0.87
Oblique 1.31 1.29 1.33 0.28 0.26 0.29 0.11 0.09 0.12 0.24 0.23 0.25
Patella 0.08 0.07 0.09 0.74 0.72 0.76 0.56 0.55 0.56 0.11 0.09 0.13
Quadricep 1.09 1.07 1.11 1.49 1.46 1.52 0.00 0.00 0.00 0.16 0.14 0.17
Rib 0.63 0.62 0.64 0.66 0.64 0.67 0.38 0.37 0.39 0.47 0.46 0.47
Shin 0.33 0.33 0.34 0.38 0.36 0.39 0.09 0.08 0.10 0.12 0.10 0.13
Shoulder 3.42 3.39 3.46 3.50 3.44 3.56 1.75 1.72 1.77 2.50 2.46 2.54
Thigh 0.12 0.11 0.13 0.78 0.77 0.80 0.37 0.36 0.38 0.26 0.25 0.27
Thumb 1.23 1.21 1.25 1.34 131 1.38 0.24 0.23 0.25 0.20 0.18 0.21
Toe 0.43 0.43 0.44 1.51 1.47 1.54 0.50 0.50 0.50 0.17 0.15 0.19
Tricep 0.27 0.26 0.28 0.35 0.33 0.36 0.10 0.09 0.12 0.11 0.09 0.13
Wrist 2.05 2.02 2.07 1.90 1.86 1.94 0.18 0.17 0.19 0.81 0.80 0.83

Table 2. Mean proportional incidence with 95% confidence intervals per 100 players by body part and sport.
95% CI 95% confidence interval.

season not starting until January 2012. The highest peak basketball mean proportional injury incidence was
to the knee in the 2013-2014 season, with a peak mean proportional injury incidence of 17.43 per 100 players
(Appendix 6). Please refer to Appendix 6 for mean injury incidence by body part for the 2007-2008 through
2019-2020 seasons.

Football. The highest football proportional injury incidence was to the knee, with mean proportional injury
incidence from 2007-2008 through the 2019-2020 seasons was found to be 5.95 per 100 players. Ankle injuries
had the second highest mean proportional injury incidence of 4.44 per 100 players, followed by a 3.45 mean
concussion proportional injury incidence, 1.75 mean shoulder proportional injury incidence, and a 1.59 mean
foot injury proportional incidence per 100 players (Table 1). The highest peak football mean proportional injury
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Figure 1. Knee time-loss injury by sport.

incidence was to the knee in the 2015-2016 season, with a peak mean proportional injury incidence of 7.07 per

100 players (Appendix 7). Please refer to Appendix 7 for mean proportional injury incidence by body part for
the 2007-2008 through 2019-2020 seasons.

Ice hockey. The highest ice hockey proportional injury incidence was to the knee, with a mean propor-
tional injury incidence from 2007-2008 through the 2019-2020 seasons was found to be 3.78 per 100 players.
Concussion had the second highest mean proportional injury incidence of 3.17 per 100 players, followed by a
mean adductor proportional injury incidence of 3.13, and a 1.80 mean ankle proportional injury incidence per
100 players (Table 1). There was an NHL lockout in the beginning of the 2012-2013 season, which results in
the season not starting until January 2013. The highest peak ice hockey mean proportional injury incidence was
to the knee, with a peak mean proportional injury incidence of 10.33 per 100 players in the 2007-2008 season
(Appendix 8). Please refer to Appendix 8 for mean proportional injury incidence by body part for the 2007-2008
through 2019-2020 seasons.

Injury incidence comparison by sport and season.

Basketball had the greatest knee (Fig. 1), ankle
(Fig. 2), and back (Fig. 3) time-loss injury incidence compared to baseball, football, and ice hockey. Football and

ice hockey had the greatest concussion incidence (Fig. 4). Football’s mean concussion incidence increased from
2.62 to 6.69 per 100 players between the 2014-2015 and 2015-2016 seasons. There was a marked decrease in

mean shoulder time-loss injury incidence in ice hockey, demonstrated by a mean decrease of 6.19 per 100 play-
ers over the 12-year reporting period (Fig. 5).

Sensitivity analyses. Basketball reported the greatest mean consecutive five-season proportional injury
incidence for the knee (17.43) Appendix Figure 9), ankle (17.91) (Appendix Figure 10), and back (9.03) (Appen-
dix Figure 11) compared to baseball, football, and ice hockey. Football and ice hockey had the greatest concus-
sion proportional incidence per 100 players (Football: 4.82; Ice Hockey: 3.61) (Appendix Figure 12). Baseball,
basketball, football, and ice hockey five-season proportional injury incidence by body part is depicted in Appen-

dices 13, 14, 15, and 16, respectively. The mean difference was similar between season and five-season analyses

across body parts (Appendices 17 and 18). For example, ankle proportional injury incidence per 100 players

mean difference comparing season and 5-year analyses were: Baseball (Season: 0.38, Five Year: 0.38), Basketball

(Season: 3.41, Five Year: 2.93), Football (Season: 1.07, Five Year: 1.08), and Ice Hockey (Season: 1.29, Five Year:
1.29).

Discussion

Summary. The highest proportional injury incidence was for the groin/hip/thigh in baseball, football, and
ice hockey, with the groin/hip/thigh as the third highest injury incidence in basketball. When stratifying by more
specific body part groupings, the knee demonstrated the greatest injury proportional incidence for basketball,
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Figure 3. Back time-loss injury by sport.

football, and ice hockey, with the knee as the third highest proportional injury incidence for baseball. Football
and ice hockey reported the greatest concussion proportion incidence, with football demonstrating an increase
in concussions over time, and a substantial increase in concussions from the 2014 to 2015 season. Similar results
were found using consecutive five-season increments.

Groin/hip/thigh injuries. When stratifying injuries by body parts in Table 1, the groin/hip/thigh reported
the greatest injury incidence for baseball, football, and ice hockey, and the third highest for basketball. The thigh
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Figure 5. Shoulder time-loss injury by sport.

was the second highest injury incidence for football and ice hockey in former studies”®. In contrast, previous
literature has reported the greatest injury incidence to the shoulder and elbow in baseball, but when stratified by
position players and pitchers, hamstring injuries demonstrated the second highest injury incidence in position
players’. The greatest injury incidence to a specific body part to the groin/hip/thigh for baseball, basketball, foot-
ball, and ice hockey has been to the hamstring®. In a systematic review, no individual risk factors were identi-
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fied for hamstring injuries®*. Further research is required to understand if there are different injury mechanisms
for groin/hip/thigh injuries between baseball, basketball, football, and ice hockey.

Knee injuries. When grouping by more specific body parts in Table 2, knee injuries demonstrated the great-
est proportional injury incidence for basketball, football, and ice hockey. Baseball knee injuries were reported
for as the third highest injured body part, which supports previous epidemiologic literature>*>*. Basketball
reported the highest proportional seasonal injury incidence, with 8 more knee injuries per 100 players, com-
pared to the second highest proportional knee injury incidence in football. Professional basketball knee inju-
ries have reported greater injury severity in comparison to other injures”. Further, almost 50% of asympto-
matic professional basketball players have knee lesions on MRI imaging?®. Within our data there was a marked
spike in knee injuries between 2012-2013 and 2013-2014 seasons. In 2012, the NBA instituted an anti-flopping
rule, which prohibited players from bailing on charges and blocks, which may have contributed to this spike in
injuries®. Previous literature has observed that the most common knee injury mechanism of injury in basketball
and baseball is noncontact®™*!, compared to contact injury in football and ice hockey®*2. While knee injuries
demonstrated the greatest incidence for all sports but baseball, the mechanisms of injury may differ, potentially
altering the implications of these injuries between sports.

Concussion. TFootball and ice hockey reported the greatest seasonal proportional concussion incidence,
which is supported by previous literature®***. Professional sports have instituted concussion teams, return to
play protocols, and rules and regulations to improve player safety****. Our NFL concussion data demonstrated
a steady increase in concussion incidence since 2009, with the NFL concussion incidence increasing by 31.6%
in the 2015 seasons compared to the 2014 season. Since 2009, the NFL has instituted league wide concussion
protocols®. Due to this increase in incidence, the NFL instituted harsher penalties and fines to teams for not
following concussion protocols®”. However, within our data, there was not a marked decrease in concussion
incidence for the 2016 season. Our NBA concussion data demonstrated an increase in concussions beginning in
the 2011 season, except for a decreased in the 2013 season. This supports the initiation of the NBA concussion
protocols beginning in the 2011-2012 season®. It should be noted that concussion incidence did not change
throughout the reporting period. Baseball concussion incidence has been minimal in previous literature®?,
despite a concussion protocol instituted in the 2011-2012 season™.

Sensitivity analysis. Analysing injury incidence over five consecutive seasons instead of per season, dem-
onstrated similar findings. Five-year season variability and overall mean proportional injury incidence were
similar between analyses. Previous literature has reported similar stability in findings for multiple professional
sports®***°. However, within our data, there were specific injury variances, such as within basketball knee injury
and football concussion, that were captured in both analyses. These data suggest that implementing either 5 year
or season to season variances in injuries may still capture the overall trends in injury data.

Strengths and limitations. Generalisability of these findings is limited to the four professional men’s
North American leagues and cannot be assumed to be reproduceable in semi-professional, amateur, female, or
youth sport. This study assessed temporal trends over a 12-year span, increasing the validity of these findings.
This study utilized publicly available data, and analysed these data through open access tools, supporting the
transparency of the methods and results. Study methodology included external validation of a random sample
of the data with other publicly available data, increasing the strength of these results. Due to using publicly avail-
able data, the ability to identify missing data is not possible and therefore the completeness of recording can be
questioned. However, these data report time-loss injuries and it is unlikely that severe injuries are missed. This
work does not report on injuries which did not lead to missed training or competition, decreasing the over-
all completeness of these injury data. There is also a potential bias for under-reporting more severe potential
time-loss injuries if occurring at the same time as another injury. Athlete exposure could not be quantified. As
different athletes may have different exposure to sport, these data cannot calculate injury incidence nor injury
rates, decreasing the clinical utility of these data. At this stage the data did not allow for time-loss severity to be
analysed, which decreases the clinical interpretability of these findings. In some instances, more specific injury
reporting was not possible (e.g., shoulder injury instead of rotator cuff injury), which also decreases the clinical
interpretability of these findings.

Future research. These findings instigate future research. The open data extracted for this study did not
include exposure or severity information. Future research is needed to improve the open data extraction meth-
ods, access, and validation methods. All four sports reported a high injury incidence at multiple body parts.
Future investigations are necessary to understand the long-term implications of these injuries on athlete physical
and mental health and the prevention of these injuries. Finally, many body part injury incidence proportions
were similar between baseball, basketball, football, and ice hockey. Research is needed to investigate if shared
resource allocation and decision making between these four professional men’s sports leagues can improve over-
all player health.

Conclusion

When stratifying by body parts, the groin/hip/thigh demonstrated the greatest proportional injury incidence
for baseball, football, and ice hockey. When stratifying by more specific body parts, basketball, football, and
ice hockey reported the greatest proportional injury incidence to the knee, while baseball reported the greatest
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proportional injury incidence to the back. Football and ice hockey reported the greatest concussion proportion
incidence. These open data and results can be used as a shared resource for professional baseball, basketball,
football, and ice hockey leagues for future collaborations and investigation concerning player injury and health.

Data availability
All data relevant to the study are included are uploaded as supplementary information. Please refer to Appendix
2 for the data extraction code and Appendix 3 for original data.

Code availability

Please refer to Appendix 2 for data extraction code.

Received: 30 June 2020; Accepted: 6 April 2021
Published online: 15 April 2021

References

1.

Filbay, S. R., Bishop, F. L., Peirce, N., Jones, M. E. & Arden, N. K. Physical activity in former elite cricketers and strategies for
promoting physical activity after retirement from cricket: a qualitative study. BMJ Open 7(11), e017785 (2017).

2. Cornell, D.]. et al. Resting heart rate variability among professional baseball starting pitchers. J. Strength Cond. Res. 31(3), 575-581
(2017).

3. Fleisig, G. S., Barrentine, S. W, Zheng, N., Escamilla, R. F. & Andrews, J. R. Kinematic and kinetic comparison of baseball pitching
among various levels of development. J. Biomech. 32(12), 1371-1375 (1999).

4. Smith, A. M. et al. Competitive athletes: preinjury and postinjury mood state and self-esteem. Mayo Clin. Proc. 68, 939-947 (1993).

5. Posner, M., Cameron, K. L., Wolf, . M., Belmont, P. J. Jr. & Owens, B. D. Epidemiology of major league baseball injuries. Am. J.
Sports Med. 39(8), 1675-1691 (2011).

6. Deitch, J. R,, Starkey, C., Walters, S. L. & Moseley, J. B. Injury risk in professional basketball players: a comparison of Women’s
National Basketball Association and National Basketball Association athletes. Am. J. Sports Med. 34(7), 1077-1083 (2006).

7. Feeley, B. T. et al. Epidemiology of National Football League training camp injuries from 1998 to 2007. Am. J. Sports Med. 36(8),
1597-1603 (2008).

8. McKay, C. D,, Tufts, R. J., Shaffer, B. & Meeuwisse, W. H. The epidemiology of professional ice hockey injuries: a prospective report
of six NHL seasons. Br. J. Sports Med. 48(1), 57-62 (2014).

9. Knowles, S. B. et al. Cost of injuries from a prospective cohort study of North Carolina high school athletes. Injury Prev. 13(6),
416-421 (2007).

10. Cai, H. et al. Joint pain and osteoarthritis in former recreational and elite cricketers. BMC Musculoskelet. Disord. 20(1), 596 (2019).

11. Guskiewicz, K. M. et al. Recurrent concussion and risk of depression in retired professional football players. Med. Sci. Sports Exerc.
39(6), 903-9 (2007).

12. Seagrave, R. A.IIL. et al. Preventive effects of eccentric training on acute hamstring muscle injury in professional baseball. Orthop.
J. Sports Med. 2(6), 2325967114535351 (2014).

13. Emery, C. A, Rose, M. S., McAllister, J. R. & Meeuwisse, W. H. A prevention strategy to reduce the incidence of injury in high
school basketball: a cluster randomized controlled trial. Clin. J. Sports Med. 17(1), 17-24 (2007).

14. Sadigursky, D. et al. The FIFA 11+ injury prevention program for soccer players: a systematic review. BMC Sports Sci. Med. Rehabil.
9,18 (2017).

15. van Mechelen, W., Hlobil, H. & Kemper, H. C. Incidence, severity, aetiology and prevention of sports injuries. A review of concepts.
Sports Med. 14(2), 82-99 (1992).

16. Riva, D., Bianchi, R., Rocca, F. & Mamo, C. Proprioceptive training and injury prevention in a professional men’s basketball team:
a 6-year prospective study. J. Strength Cond. Res. 30(2), 461 (2016).

17. Chalmers, D. Injury prevention in sport: not yet part of the game?. Injury Prev. 8(suppl 4), iv22-iv5 (2002).

18. Drakos, M. C., Domb, B., Starkey, C., Callahan, L. & Allen, A. A. Injury in the National Basketball Association: a 17-year overview.
Sports Health 2(4), 284-290 (2010).

19. Bahr, R. et al. International Olympic Committee Consensus Statement: Methods for Recording and Reporting of Epidemiological
Data on Injury and Illness in Sports 2020 (including the STROBE Extension for Sports Injury and Illness Surveillance (STROBE-
SIIS)). Orthop. ]. Sports Med. 8(2), 232596712090290 (2020).

20. Orchard, J. et al. Revision, uptake and coding issues related to the open access Orchard Sports Injury Classification System (OSICS)
versions 8, 9 and 10.1. Open Access J. Sports Med. 1,207 (2010).

21. Fuller, C. W. et al. Consensus statement on injury definitions and data collection procedures in studies of football (soccer) injuries.
Scand. J. Med. Sci. Sports 16(2), 83-92 (2006).

22. Landers, R. N, Brusso, R. C., Cavanaugh, K. J. & Collmus, A. B. A primer on theory-driven web scraping: automatic extraction
of big data from the Internet for use in psychological research. Psychol. Methods 21(4), 475 (2016).

23. Knowles, S. B., Marshall, S. W. & Guskiewicz, K. M. Issues in estimating risks and rates in sports injury research. J. Athl. Train.
41(2), 207 (2006).

24. Foreman, T. et al. Prospective studies into the causation of hamstring injuries in sport: a systematic review. Phys. Ther. Sports 7(2),
101-109 (2006).

25. Starkey, C. Injuries and illnesses in the National Basketball Association: a 10-year perspective. J. Athl. Train. 35(2), 161 (2000).

26. Dick, R. et al. Descriptive epidemiology of collegiate men’s football injuries: National Collegiate Athletic Association Injury Sur-
veillance System, 1988-1989 through 2003-2004. J. Athl. Train. 42(2), 221 (2007).

27. Meeuwisse, W. H., Sellmer, R. & Hagel, B. E. Rates and risks of injury during intercollegiate basketball. Am. J. Sports Med. 31(3),
379-385(2003).

28. Brunner, M. C. et al. MRI of the athletic knee. Findings in asymptomatic professional basketball and collegiate football players.
Investig. Radiol. 24(1), 72-75 (1989).

29. National Basketball Association. NBA Rules History 2020. 2020 (accessed 25 February 2020). https://cdn.nba.net/nba-drupal-prod/
nba-rules-changes-history.pdf

30. Dahm, D. L. et al. Epidemiology and impact of knee injuries in Major and Minor League Baseball players. Am. J. Orthop. 45(3),
E54-E62 (2016).

31. Cumps, E., Verhagen, E. & Meeusen, R. Prospective epidemiological study of basketball injuries during one competitive season:
ankle sprains and overuse knee injuries. J. Sports Sci. Med. 6(2), 204 (2007).

32. Rothenberg, P,, Grau, L., Kaplan, L. & Baraga, M. G. Knee injuries in American football: an epidemiological review. Am. J. Orthop.
45(6), 368-373 (2016).

33. Wennberg, R. A. & Tator, C. H. Concussion incidence and time lost from play in the NHL during the past 10 years. Can. J. Neurol.
Sci. 35(5), 647-651 (2008).

Scientific Reports | (2021) 11:8278 | https://doi.org/10.1038/s41598-021-87920-6 nature portfolio


https://cdn.nba.net/nba-drupal-prod/nba-rules-changes-history.pdf
https://cdn.nba.net/nba-drupal-prod/nba-rules-changes-history.pdf

www.nature.com/scientificreports/

34. Casson, I. R,, Viano, D. C., Powell, J. W. & Pellman, E. J. Twelve years of National Football League concussion data. Sports Health
2(6), 471-483 (2010).

35. Patel, B. H. et al. Concussions in the National Basketball Association: analysis of incidence, return to play, and performance from
1999 to 2018. Orthop. ]. Sports Med. 7(6), 2325967119854199 (2019).

36. Neale, T. NFL Institutes New Concussion Policy. 2009 (accessed 25 Febraury 2020). https://abcnews.go.com/Health/MindMoodNe
ws/nfl-institutes-concussion-policy/story?id=9251126

37. Flynn, E. What is the NFLs concussion protocol? 2016 (accessed 25 February 2020). https://www.si.com/nfl/nfl-concussion-proto
col-policy-history

38. Gary, G., D’Angelo, J., Coyles, J. & Valadka, A. Effect of a rule change on concussions and other injuries in professional baseball.
Br. J. Sports Med. 51(11), A64-A65 (2017).

39. Peterson, J. G. et al. Concussion incidence and impact on player performance in major league baseball players before and after a
standardized concussion protocol. Orthop. J. Sports Med. 8(4), 2325967120913020 (2020).

Author contributions

G.B. and S.K. conceived the study idea. G.B. and S.K. were involved in methodological design and planning. G.B.,
E.M.,, J.V,, S.K. wrote the first draft of the manuscript. G.B. and S.K. contributed to statistical analyses. G.B., E.M.,
J.V., S.K. all critically revised the manuscript. G.B., E.M., ].V., S.K. all approved the final version of the manuscript.

Funding
Centre for Sport, Exercise and Osteoarthritis Research Versus Arthritis—Sports Grant (HFR02510).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-87920-6.

Correspondence and requests for materials should be addressed to G.S.B.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:8278 | https://doi.org/10.1038/s41598-021-87920-6 nature portfolio


https://abcnews.go.com/Health/MindMoodNews/nfl-institutes-concussion-policy/story?id=9251126
https://abcnews.go.com/Health/MindMoodNews/nfl-institutes-concussion-policy/story?id=9251126
https://www.si.com/nfl/nfl-concussion-protocol-policy-history
https://www.si.com/nfl/nfl-concussion-protocol-policy-history
https://doi.org/10.1038/s41598-021-87920-6
https://doi.org/10.1038/s41598-021-87920-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Temporal trends in incidence of time-loss injuries in four male professional North American sports over 13 seasons
	Material and methods
	Study design. 
	Injury and illness definitions. 
	Injury and illness inclusion and exclusion criterion. 
	Injury classification. 
	Data extraction. 
	Data reduction. 
	External validation. 
	Statistical analyses. 
	Ethics approval and consent to participate. 

	Results
	Baseball. 
	Basketball. 
	Football. 
	Ice hockey. 
	Injury incidence comparison by sport and season. 
	Sensitivity analyses. 

	Discussion
	Summary. 
	Groinhipthigh injuries. 
	Knee injuries. 
	Concussion. 
	Sensitivity analysis. 
	Strengths and limitations. 
	Future research. 

	Conclusion
	References


