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Incidence of Pectoralis Major Injuries Has Increased ~ ®
40% Over the Last 22 National Football League
Seasons

Blake M. Bodendorfer, M.D., Steven F. DeFroda, M.D., Henry T. Shu, B.S.,
Derrick M. Knapik, M.D., Daniel S. Yang, B.S., and Nikhil N. Verma, M.D.

Purpose: To examine trends in the incidence of pectoralis major (PM) injuries over the last 22 National Football League
(NFL) seasons and identify risk factors for injuries requiring operative management. Methods: Publicly available data
from the 1998-1999 through 2019-2020 NFL seasons were reviewed to identify PM injuries, demographics, injury
mechanisms, and management. Injury incidence was calculated using linear regression per 10,000 athlete-exposures,
while risk factors for operative management were identified through multivariate logistic regression. Results: There
were 258 PM injuries. Mean athlete age at the time of injury was 27.1 years (range: 21-37) with a mean body mass index
of 32.6 (range: 24.8-43.1). Overall incidence was 0.603 per 10,000 athlete-exposures, which was found to significantly
increase with time by 0.039 per athlete-exposures per year (R* = .787, P < .001). Defensive athletes accounted for 64.7%
of PM injuries. Repair was performed in 48.8% of athletes, with defensive linemen (odds ratio [OR] 3.78, CI 1.42-10.60,
P = .009), defensive backs (OR 12.20, CI 2.13-76.60, P = .006), linebackers (OR 8.98, CI 2.58-33.60, P < .001), more
recent time of injury (OR 1.11, CI 1.05-1.17, P < .001), and shorter NFL experience (OR .77 for older athletes, CI.59-.99),
P = .047) at significant risk for operative treatment. Conclusion: A total of 258 PM injuries were identified over 22 NFL
seasons, with an overall incidence of 0.603 per 10,000 athlete-exposures, which was found to increase by 0.039 injuries
per 10,000 athlete-exposures per year. Repair was performed in 48.8% of athletes, with more recent time of injury,
shorter NFL experience, defensive linemen, defensive backs and linebackers at significantly higher risk for operative

treatment. Study Design: Cohort study; Level of evidence, 3

he incidence of pectoralis major (PM) tears has

increased over the last three decades as the num-
ber of athletes participating in all levels of American
football continues to rise.' > PM tears has been reported
to occur primarily at the bone-tendon interface when
the arm is extended and externally rotated while under
maximal contraction.'” In athletes, the majority of
documented PM tears have occurred during weight

lifting, primarily bench press; however, direct trauma to
the arm and chest has also been reported as a less
frequent cause of tears.””'" At the professional level of
competition, the ever-increasing size and speed of
athletes further elevate the risk of PM tear.'”
Although not essential for everyday function, the
integrity of the pectoralis major in elite football athletes
is important to ensure full athletic potential.”'’ As a
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dynamic stabilizer of the shoulder,” the pectoralis major
serves as a powerful adductor, internal rotator,
and flexor of the humerus.'* As such, an intact muscle
and tendon are required to provide maximal strength
and range of motion to meet the position-specific needs
in American football athletes.'” Despite the increase in
PM injury incidence, no investigation has quantified
the yearly increase in PM injuries.

The purpose of this investigation was to examine
trends in the incidence of pectoralis major (PM) injuries
over the last 22 NFL seasons and identify risk factors for
injuries requiring operative management. We hypoth-
esized there would be an overall low incidence that
increased with time, with the majority of injuries
occurring in defensive athletes, with these same ath-
letes having the highest risk for operative management.

Methods

Data Collection

Publicly available data were reviewed to identify all
reported PM injuries occurring in NFL athletes between
the 1998-1999 and 2019-2020 seasons,' '° using pre-
viously reported data collection methods.'”?* NFL
seasons were grouped into two evenly distributed time
periods: Period 1 (1998-1999 through 2008-2009) and
Period 2 (2009-2010 through 2019-2020), as the NFL
implemented substantial changes in tackling rules
during Period 2.”° These rule changes made tackles
involving helmet-initiated contact illegal, as well as low
tackles where the defender initiated a roll or lunge.”’
Moreover, defenders were allowed to swipe, wrap, or
grab a passer below the knees without receiving a
foul.”” Inclusion criteria were NFL athletes identified as
having sustained a PM injury, using publicly available
data, while exclusion criteria were athletes that had
sustained upper extremity injuries not explicitly classi-
fied as PM injuries.

Initial data collection was independently performed
by two authors [HTS and BMB] by querying publicly
available data from online league and player databases
for weekly regular season NFL injury reports and
identifying injuries reported as “pectoral”, “chest”, and
“shoulder”."”'® NFL injury reports consist of practice
reports documenting athlete availability during NFL
practices, along with game status reports that capture
athlete availability during games.”* All NFL teams are
mandated by the league to publish injury reports after
each regular season practice and prior to each regular
season game.”* Pro-Football-Reference.com (Sports
Reference LLC, Philadelphia, PA) was also used to
identify all “pectoral”, “chest”, and “shoulder” injuries
that resulted in a player being designated as injured
reserve (IR) or physically unable to perform (PUP).**
All athletes initially identified as having sustained a
PM injury were further verified by reviewing publicly
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available press releases. Following the two independent
authors” data collection, identified athletes were
compared, and any disagreements in athlete inclusion
were resolved through mutual discussion with the first
author.

For athletes meeting inclusion criteria, athlete char-
acteristics at the time of injury (age, body mass index
[BMI], years of experience, and position) were recor-
ded. Injury characteristics, including injury setting
(Combine, preseason/offseason, regular season, post-
season), activity (practice/workout versus in-game
injury), injury classification (grades I-III; strain, partial
tear, and complete tear), as well as management
(nonoperative versus operative) were recoded when
available.

Data Analysis and Statistical Methods

Incidence of PM injuries per 10,000 athlete-exposures
was calculated on the basis of previously reported
methodology by assuming 53 players per team, 105
practices per season, 16 games per season, and 32 teams
in the NFL.”> Changes in league size were also
accounted for, with only 30 teams in the 1998-1999
season and 31 teams in the 1999-2000 and 2000-2001
seasons. An athlete-exposure was defined as previously
described as a single participation in a single practice or
game.”””® Differences in injury incidence between
Period 1 and Period 2 was also calculated.

Normal distribution of the data was checked via the
Shapiro-Wilk normality test. A Student’s ¢-test was used
to determine statistical significance between incidence
rates between Period 1 and Period 2. To identify the
incidence rate trend over the course of the study, a
simple linear regression was performed with Pearson’s
product moment correlation coefficient (r) calculated to
identify the strength of linear association. Comparisons
between time points for each cohort were evaluated
using a 2-tailed paired t-tests to compare players against
themselves. Risk factors for operative injury were
identified through multivariate logistic regression con-
trolling for athlete age, BMI, years of NFL experience,
position, year of injury, and injury setting. The offen-
sive line was used as the reference, as that position had
the greatest number of offensive injuries. Relationship
between grade of tear and operative versus nonopera-
tive treatment was assessed through y?-ana/lu tlysis.
Statistical analysis was performed using RStudio
V1.1.442 (RStudio, Inc., Boston, MA). Player charac-
teristics were expressed as mean (range), while odds
ratios (OR) were expressed with 95% confidence in-
tervals (CI). An o value of .05 was used.

Results
A total of 258 PM injuries were identified in 245 NFL
athletes between 1998 and 2020. Mean athlete age at
the time of injury was 27.1 (range: 21.0-37.0) years,
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while mean BMI was 32.6 (range: 24.8-43.1). Eleven
athletes were reported to sustain 2 separate PM injuries,
while 1 athlete experienced 3 PM injuries. Four of those
reinjuries were contralateral PM injuries. In the 1
player that had 3 injuries, the second injury was ipsi-
lateral, and the last injury was contralateral. The other
7 repeat injuries did not have public reports of whether
those injuries were contralateral or ipsilateral. Com-
plete tears were the most commonly reported injury
type (Table 1).

Defensive athletes sustained the greatest number of
injuries (64.7%), with linebackers being the most
commonly injured athlete based on position, followed
by offensive linemen (Table 2).

As a percentage of total injuries across the years of the
study, injuries were most frequently reported as
occurring during games (76.0%, n = 196 of 258), fol-
lowed by practice/workouts (22.5%, n = 58 of 258),
while 1.6% (n = 4 of 258) of injuries occurred at the
NFL Combine. Of the total injuries across the years of
the study, 69.3% (n = 176 of 258) occurred during NFL
regular season games or practice, 29.1% (n = 58 of 258)
occurred during the preseason games or practice, and
1.2% (n = 3 of 258) occurred during postseason games
or practice. The overall incidence of injuries during
Combines was 122 per 10,000 athlete-exposures,
assuming, on average, 327 athletes attended the
combine per year. The incidence of injuries occurring
during practices was 0.142 per 10,000 athlete-
exposures, and the incidence of injuries occurring
during regular season games was 3.158 per 10,000
athlete-exposure. The overall injury incidence during
the 22 NFL seasons analyzed was 0.603 per 10,000
athlete-exposures, while the incidence was found to
increase with increasing year (R* = .787) (Fig 1).

When comparing injury incidence between Period 1
(1998-2008) versus Period 2 (2009-2019), the inci-
dence of PM injuries was noted to significantly increase
from 0.395 per 10,000 athlete-exposures during Period
1 to 0.893 per 10,000 athlete-exposures in Period 2
(P < .001). A linear increase in the annual incidence
over the entire study period was calculated at 0.039 per
10,000 athlete-exposures per year. When checking for
normal distribution via the Shapiro-Wilk test, in-
cidences from Period 1 (P = .361) and incidences from
Period 2 (P = .843) were not significantly different than
the normal distribution.

A total of 45% of athletes with PM injuries were
nonoperatively managed compared to 48.8% treated
operatively (Table 3). Treatment could not be deter-
mined in 16 (6.2%) of injuries. There was no significant
difference in age (P = .194) or BMI (P = .779) between
operative and nonoperative injuries. Risk factors pre-
dictive of athletes undergoing operative management
for PM injuries were more recent year of injury, fewer
years of NFL experience at the time of injury, defensive
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Table 1. Distribution of Pectoralis Major Injuries based on
Tear Degree

Tear Degree Number of Injuries (%) Incidence
Strain (Grade I) 90 (34.9) 0.210
Partial tear (Grade II) 33 (12.8) 0.077
Complete tear (Grade III) 132 (51.2) 0.309
Unknown 3 (1.2) N/A

Table 1 shows the number and incidence of pectoralis major in-
juries by tear degree. Incidence is reported per 10,000 athlete-
exposures. N/A, not applicable.

linemen, defensive backs, and linebackers (Table 4). Of
grade 3 tears, 100% (n = 120) were operative, whereas
18.5% (n = 5) of grade 2 tears were operative and
100% (n = 89) of grade 1 tears were nonoperative
(P < .001).

Discussion

Over 22 NFL seasons, there was 258 PM injuries in
245 NFL athletes, with a strong and significant linear
increase in injury incidence with more recent NFL
seasons. Repair was performed in 49% of athletes, with
more recent year at the time of injury, shorter NFL
experience, defensive linemen, defensive backs, and
linebackers being predictive of athletes undergoing
operative management. Complete tears were the most
commonly reported, and PM injuries occurred at higher
frequency in defensive athletes, with linebackers pos-
sessing the highest incidence, followed by offensive
linemen. Although the NFL Injury Surveillance System
(ISS) is considered the gold standard for NFL injury
epidemiology research, we consider the use of public
data to be generally accurate. The use of multiple public
databases with weekly injury reports and press releases
used in our study allowed us to capture the greatest
number of PM injuries, a methodology that has been
used in multiple investigations.'”*?

Following the implementation of an NFL rule change
penalizing helmet-initiated contact, a significantly
increased incidence of PM injuries was reported. The
increased incidence could be related to the change in
tackling technique forcing athletes to rely more on
open arm tackles, placing the arm in a vulnerable po-
sition for PM injuries. However, linear regression ana-
lyses between those two periods showed an increase of
linear annual incidence change per year of 0.036 (R> =
.386) to 0.047 (R* = .655) per athlete-exposure per
year. Thus, it is likely that the increase between the two
time periods may be due to the overall linear increase in
annual incidence of 0.039 per athlete-exposure per
year (R? = .787) that we identified instead of relating to
the tackling rule changes between these 2 periods. As
such, further investigations evaluating for potential
factors accounting for the increased incidence of PM
injuries is warranted.
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Table 2. Injury Distribution by Player Positions

Position Number of Pectoralis Major Injuries (%)
Defense 167 (64.7)
Defensive lineman 50 (29.9)
Linebacker 73 (43.7)
Defensive back/secondary 44 (26.3)
Offense 90 (34.9)
Offensive lineman 54 (60.0)
Running back 12 (13.3)
Wide receiver 7 (7.8)
Tight end 9 (10.0)
Quarterback 8 (8.9)
Special teams 1(0.4)

Table 2 shows the number of pectoralis major injuries that occurred
within each player position.

Overall, the incidence of PM injuries was noted to in-
crease with increasing year. This finding has been pre-
viously reported in other investigations. Tarity et al.
identified 10 complete PM ruptures across 10 seasons of
the NFL using the NFL ISS,”” with 50% of injuries
occurring in defensive players, generally while tackling.
Moreover, 90% of PM ruptures occurred during
games.”” An incidence of 0.004 for complete tears per
season across the study period was reported, lower than
our incidence of 0.174 injuries per 10,000 athlete-
exposures between 2000 and 2010. Recently, Sahota
et al. similarly used the NFL ISS to examine the incidence
of all PM injuries, including strains, partial tears, and
complete ruptures, from the 2000-2014 NFL seasons.”’
The authors identified an overall incidence of PM in-
juries across the 15-season period to be .688 per 10,000
athlete-exposures, slightly greater than the annual
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incidence of 0.603 per 10,000 athlete-exposures across
22 seasons in our investigation. When using our data
from the 2000-2014 seasons, the incidence across the 15
seasons was slightly lower at .502 per 10,000 athlete-
exposures. However, Sahota et al.”” and Tarity et al.”’
used the NFL ISS, a league-wide electronic medical re-
cords system that documents all injuries occurring in
athletes for medical and safety research. As such, we
expect a degree of variability to exist between these
studies and ours regarding the exact number of injuries
per season, as we anticipate PM injuries to be recorded in
the NFL ISS, which were not publicly disclosed.
Pectoralis major injuries were most frequently re-
ported to occur during in-game competition, with the
overall incidence during games to be 3.158 per 10,000
athlete-exposures versus 0.142 per 10,000 athlete-
exposures during practice. However, the highest inci-
dence of PM injury per athlete-exposure was during the
NFL Combine, at 122 PM injuries per 10,000 athlete-
exposures. This may be related to the requirement of
NFL Combine participants to bench press 225 pounds
for a maximum number of repetitions. Previous reports
of pectoralis major tears in elite-level athletes cite in-
juries occurring during weightlifting, especially the
bench press.>”*® In their series examining 17 athletes
with pectoralis major rupture, Schepsis et al.” found
bench press accounted for 47% of injuries, while de
Castro Pochini et al.”® reported injury secondary to
bench press in 60% (n = 12 of 20) of athletes in their
cohort, by far the most common mechanism in both
studies. For American football, tears occurring in-game
have been reported to most frequently happen during a

Incidence vs. Year
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Fig. 1. Incidence of pectoralis major injury in the National Football League per year with linear regression performed. Incidence

is reported as rate of injury per 10,000 athlete-exposures.
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Table 3. Management Type Based on Athlete Demographics
and Position

Mean + SD Where Applicable [Range]

Conservative Management 116 (45.0%)
Age 27.4 £ 3.3 years [21.0-37.0]
BMI 32.7 £ 4.0 [24.9-41.9]

Defensive athletes 6 (48.3%)
Defensive lineman 21 (37.5%)
Linebacker 24 (42.9%)
Defensive back/secondary 15(26.8%)

Offensive athletes 60 (51.2%)
Offensive lineman 30 (50.0%)
Running back 7 (11.7%)
Wide receiver 6 (10.0%)
Tight end 8 (13.3%)
Quarterback 5 (8.3%)

Operative management 126 (48.8%)
Age 26.8 £+ 3.3 years [22.0-37.0]
BMI 32.5 & 4.0 [25.3-43.1]

Defensive athletes 98 (77.8%)
Defensive lineman 6 (26.5%)
Linebacker 6 (46.9%)
Defensive back/secondary 6 (26.5%)

Offensive athletes 7 (21.4%)
Offensive lineman 8 (66.7%)
Running back 5 (18.5%)
Wide receiver 0 (0.0%)
Tight end 1 (3.7%)
Quarterback 3 (11.1%)

Table 3 shows the player demographics in nonoperatively versus
operatively treated players. BMI, body mass index; SD, standard
deviation.

tackle.”?”*! Miller et al. noted that the injury mecha-
nism typically involved the arm being caught in an
opponent’s jersey while abducted 90° and slightly
externally rotated.”’

Table 4. Risk Factors for Operative Pectoralis Major Tendon
Injury

Variables OR (95% CI) P Value
Year of Injury 1.11 (1.05-1.17) <.001
Position
Defensive line 3.78 (1.42-10.60) .009
Defensive backs 12.20 (2.13-76.60) .006
Linebacker 8.98 (2.58-33.60) <.001
Quarterback 2.85 (.32-24.30) 337
Running back 2.10 (.30-13.00) 432
Special teams NA 994
Tight end 67 (.03-5.92) 745
Wide receiver NA .987
Practice or game injury'i 1.65 (.62-4.52) 319
BMI 1.13 (.98-1.32) .106
Age at injury 1.24 (.97-1.63) .099
Years of experience before injury .77 (.59-.99) .047

Table 4 demonstrated risk factors for pectoralis major injuries
requiring operative treatment as determined by multivariate logistic
regression.

BMI, body mass index; CI, confidence interval; OR, odds ratio.
Bolded P values indicates statistical significance (P < .05).

* with reference to offensive linemen;

T, referenced to practice setting.
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In the present study, defensive athletes were found to
sustain a greater number of PM injuries. In American
football, PM injuries have been reported to generally
occur in the blocking or tackling position, when the arm
is abducted, externally rotated, and extended.’” As
such, this may place defensive players at greater risk for
PM injuries when compared to offensive players. Spe-
cifically, the positional requirements of defensive line-
men necessitate these athletes to encounter contact on
each play as they attempt to move around opposing
offensive linemen, forcing their arms into extension
and external rotation in the process. In contrast, the
high incidence of tears in linebackers and defensive
backs may be attributed to the open field nature of
these positions, which result in higher contact forces
while the arm is in abduction during tackling or while
reaching for opponents. Furthermore, the high inci-
dence of tears during play may be explained by the high
forces placed on the vulnerable arm due to the ever-
increasing size and speed of athletes participating at
the professional level.

Surgical repair was performed in 48.8% of injuries,
with increasing year at the time of injury, athletes with
shorter NFL experience, as well as athletes classified as
defensive linemen, defensive backs, and linebackers
being predictive of operative management. Surgical
repair of PM injuries is generally indicated for partial
and complete tears at the tendinous insertion or mus-
culotendinous junction or when athletes are unable to
accept the resulting weakness and deformity that may
occur with nonoperative management.'*’’ Operative
treatment of PM tendon tears has also been demon-
strated to result in superior functional outcomes and
strength when compared to nonoperative manage-
ment.”* Generally, acute repair is favored over chronic
repair, with acute repairs associated with improved
functional outcome and satisfaction with cosmesis.””

Limitations
This study is not without limitations. An inherent
limitation of this study is the use of public databases to
capture PM injuries, as the authors identified a number
of NFL injuries classified as “undisclosed” or “chest”
injuries that were unable to be confirmed as PM in-
juries. Additionally, this study does not explore causes
for the identified linear increase in PM injuries per year,
as this was beyond the scope of the current investiga-
tion. Lastly, this study did not investigate return to play
and performance characteristics for these injuries, but

future studies from our group will.

Conclusion
A total of 258 PM injuries were identified over 22 NFL
seasons, with an overall incidence of 0.603 per 10,000
athlete-exposures, which was found to increase by
0.039 injuries per 10,000 athlete-exposures per year.
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Repair was performed in 48.8% of athletes, with more
recent time of injury, shorter NFL experience, defensive
linemen, defensive backs, and linebackers at signifi-
cantly higher risk for operative treatment.
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