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Incidence Rate and Results of the Surgical
Treatment of Pectoralis Major Tendon
Ruptures in Active-Duty Military Personnel

LCDR George C. Balazs,* MD, USN, CPT Alaina M. Brelin,* MD, USA,
CPT Michael A. Donohue,* MD, USA, LT Theodora C. Dworak,* MD, USN,
CDR John-Paul H. Rue,y MD, USN, LTC Jeffrey R. Giuliani,* MD, USA,
and MAJ Jonathan F. Dickens,*z MD, USA
Investigation performed at the Walter Reed National Military Medical Center,
Bethesda, Maryland, USA

Background: Pectoralis major tendon ruptures are commonly described as rare injuries affecting men between 20 and 40 years
of age, with generally excellent results after surgical repair. However, this perception is based on a relatively small number of case
series and prospective studies in the orthopaedic literature.

Purpose: To determine the incidence of pectoralis major tendon ruptures in the active-duty military population and the demo-
graphic risk factors for a rupture and to describe the outcomes of surgical treatment.

Study Design: Case control study; Level of evidence, 3.

Methods: We utilized the Military Health System Data Repository (MDR) to identify all active-duty military personnel surgically
treated for a pectoralis major tendon rupture between January 2012 and December 2014. Electronic medical records were
searched for patients’ demographic information, injury characteristics, and postoperative complications and outcomes. Risk fac-
tors for a rupture were calculated using Poisson regression, based on population counts obtained from the MDR. Risk factors for
a postoperative complication, the need for revision surgery, and the inability to continue with active duty were determined using
univariate analysis and multivariate logistic regression.

Results: A total of 291 patients met inclusion criteria. The mean patient age was 30.5 years, all patients were male, and the
median follow-up period was 18 months. The incidence of injuries was 60 per 100,000 person-years over the study period.
Risk factors for a rupture included service in the Army, junior officer or junior enlisted rank, and age between 25 and 34 years.
White race and surgery occurring .6 weeks after injury were significant risk factors for a postoperative complication. Among
the 214 patients with a minimum of 12 months’ clinical follow-up, 95.3% were able to return to military duty. Junior officer/enlisted
status was a significant risk factor for failure to return to military duty.

Conclusion: Among military personnel, Army soldiers and junior officer/enlisted rank were at highest risk of pectoralis major ten-
don ruptures, and junior personnel were at highest risk of being unable to return to duty after surgical treatment. Although increas-
ing time from injury to surgery was not a risk factor for treatment failure or inability to return to duty, it did significantly increase the
risk of a postoperative complication.

Keywords: pectoralis major tendon rupture; military; surgical treatment; tendon repair; tendon reconstruction

Ruptures of the pectoralis major tendon are typically
described in the orthopaedic literature as uncommon inju-
ries primarily affecting adult men between the ages of 20
and 40 years, whose incidence has increased over the last
2 to 3 decades because of the rise in recreational weight
lifting and sports participation.13,15,21,27 In general, surgi-
cal treatment is recommended for all complete ruptures
of the distal insertion and myotendinous junction.1,2,28,29

Some authors suggest that results are improved when sur-
gery is performed during the acute phase.2,5,6,23

Despite the familiarity of most orthopaedic surgeons
with this injury and its treatment, there is a relative pau-
city of literature on the subject. Most published series in
the modern era are relatively small, ranging from 9 to 60
patients, and we are not aware of any multicenter series.
Results are typically reported using a rubric similar to
that proposed by Bak et al5 that incorporates the ability
to return to sporting activities, which is heavily dependent
on personal and psychological factors.3,4,10 Only a single
study with 7 pectoralis major tendon ruptures has attemp-
ted to define the epidemiology of this condition.31
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The United States (US) Department of Defense operates
a closed heath system in which active-duty personnel are
obligated to obtain their care. Information on all health
care encounters occurring within the US Military Health
System (MHS) is recorded in the MHS Data Repository
(MDR), which is accessible through the Management Anal-
ysis and Reporting Tool (M2). This database, by virtue of
its size and scope, provides a unique opportunity to medi-
cal researchers to study relatively uncommon injuries
and illnesses such as pectoralis major tendon ruptures.
Researchers from a variety of disciplines, including ortho-
paedic surgery, have utilized this database.9,16,22,30

The purpose of this study was to utilize the M2 to iden-
tify all active-duty military personnel undergoing pectora-
lis major tendon repair after a rupture and define the
incidence rate of this injury in our population. We second-
arily sought to define demographic risk factors for a rup-
ture, complication rates of tendon repair/reconstruction,
and rates of return to unrestricted military duty after
treatment. On the basis of previously published series
and expert opinion, we hypothesized that younger age
would be associated with an increased incidence of rup-
tures, that complication rates would be low, and that the
vast majority of personnel would return to duty within
1 year of repair/reconstruction.

METHODS

The MDR maintains comprehensive records of all health care
encounters occurring in the MHS as well as comprehensive
enrollment data on all eligible military health care beneficia-
ries. After institutional review board approval, this database
was searched for active-duty personnel (full-time active duty,
activated reservist, and activated National Guard) cared for
in a military treatment facility between January 2012 and
December 2014 with an associated Current Procedural Ter-
minology (CPT) code of 24341 (repair, tendon or muscle,
upper arm or elbow). Electronic health records for each iden-
tified patient were searched in the Armed Forces Health Lon-
gitudinal Technology Application electronic health record to
identify all patients who had received surgical care for a pec-
toralis major tendon rupture.

Data collected on each patient with a pectoralis major
tendon rupture included patient age at surgery, time
from injury to surgery, affected side, race, rank, branch
of military service, tobacco use at the time of surgery,
and mechanism of injury. Additionally, we recorded the
tear location (based on the interpretation of preoperative
magnetic resonance imaging [MRI] by an attending

radiologist as part of the routine preoperative evaluation),
type of surgery (repair vs reconstruction), postoperative
complications, and ability to return to military duty.

Population data were also obtained from the MDR. The
total number of person-years of all enrolled active-duty per-
sonnel between January 2012 and December 2014 was
recorded and broken down by sex, rank, and branch of mili-
tary service. The incidence of pectoralis major tendon rup-
tures requiring surgical treatment was calculated from the
total number of affected and unaffected patients by year.
The incidence by sex, race, age group, rank group, and branch
of military service was similarly calculated. Demographic risk
factors (age group, enlisted vs officer rank, junior vs senior
status, and branch of service) were incorporated into a Poisson
regression model based on population counts obtained from
the M2 for at-risk active-duty personnel.

Outcomes of treatment were examined for all patients
with a minimum 1-year clinical follow-up with a military
physician. This follow-up period was chosen because, by
instruction, active-duty personnel requiring surgical treat-
ment of a major injury are normally given up to 12 months
to fully recover and return to duty or else they are referred
to a Physical Evaluation Board in which they may be given
a medical discharge from service. The primary clinical out-
comes examined were complications of operative treat-
ment, the need for revision surgery, and the inability to
return to military duty. Potential risk factors for each
were identified on univariate analysis (chi-square [x2] or
Fisher exact test for categorical variables and Mann-Whit-
ney U test for continuous variables). Candidate risk factors
with a univariate significance of P \ .05 were included in
a multivariate logistic regression model.

RESULTS

Incidence

A total of 558 individual cases were coded with CPT 24341
during the study period. An examination of medical
records for each patient identified a total of 291 patients
who underwent pectoralis major tendon repair or recon-
struction. The total at-risk active-duty population during
this period was 4,811,463 person-years. The overall inci-
dence of pectoralis major tendon repairs/reconstructions
was 60 per 100,000 person-years. The peak unadjusted
incidence was in personnel aged 35 to 44 years, with an
incidence rate of 79 per 100,000. However, when control-
ling for patient sex, branch of military service, and junior
versus senior rank, age between 25 to 34 years was at
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highest risk of injury. Army personnel had the highest inci-
dence at 83 per 100,000 person-years.

Results of the Poisson regression model are summarized
in Figures 1 to 3. Junior personnel (junior enlisted and
junior officers) had nearly twice the risk of pectoralis major
tendon repair/reconstruction as senior personnel (P \
.0001). Army personnel had a significantly higher risk of
injury than any other service.

Study Population Characteristics

Demographic characteristics of the study population are
summarized in Table 1. The mean age at the time of sur-
gery was 30.5 years (range, 18-54 years). The median
time from injury to surgery was 27 days (range, 1-1197
days). The median follow-up was 18 months (range, 1-43

months). Most patients were injured while weight lifting
(n = 187, 64%) and other individual physical training activ-
ities (n = 35, 12%). Nearly one-quarter of patients were
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Figure 1. Risk of a pectoralis major tendon rupture by
seniority in military personnel. *Statistically significant differ-
ence based on a Poisson regression model (P \ .05).
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Figure 2. Risk of a pectoralis major tendon rupture by
branch of service. *Statistically significant difference based
on a Poisson regression model (P \ .05).
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Figure 3. Risk of a pectoralis major tendon rupture by age
group. *Statistically significant difference based on a Poisson
regression model (P \ .05).

TABLE 1
Demographic Characteristics of the Study Populationa

Characteristics Values

Age, mean (range), y 30.5 (18-54)
Time from injury to surgery, median (range), d 27 (1-1197)
Sex

Male 291 (100)
Female 0 (0)

Race
White 138 (47)
Non-white 104 (36)
Not specified 49 (17)

Affected side
Right 132 (45)
Left 159 (55)

Dominant vs nondominant
Dominant 103 (35)
Nondominant 70 (24)
Not specified 118 (41)

Rank
Junior enlisted (E1-E4) 76 (26)
Senior enlisted (E5-E9) 122 (42)
Junior officer (O1-O3) 61 (21)
Senior officer (O4-O9 and WO1-WO5) 32 (11)

Branch of service
Navy 54 (19)
Marine Corps 27 (9)
Army 162 (55)
Air Force 46 (16)
Other 2 (1)

Tobacco use
Yes 73 (25)
No 218 (75)

aData are reported as n (%) unless otherwise indicated.
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injured while deployed outside the US (n = 64, 22%),
although none of these injuries occurred in combat.

Ruptures occurred at the myotendinous junction in
39.9% and at the tendinous insertion in 39.9%. Tears
were less common in the midsubstance of the tendon
(9%) and the muscle belly (1%). Multiple tear locations
were reported in 3%, and location was not specified in
7%. Most patients underwent primary repair (n = 280,
96%), with the remainder undergoing allograft reconstruc-
tion (n = 11, 4%).

Complications of Treatment

A total of 29 complications occurred in the study population,
with infections comprising the majority (12 superficial wound
infections treated with local wound care and/or oral antibiot-
ics and 6 deep space infections requiring operative debride-
ment). Among the deep space infections, 2 were caused by
propionibacterium species (Propionibacterium acnes and
P granulosum), 1 had positive cultures for Escherichia coli
and Klebsiella pneumoniae, and 3 had negative cultures.

A total of 4 repairs clinically failed: 3 because of trauma
and 1 secondary to a deep space infection. There were 2
patients with hardware failure. In one, failure of a button
was observed radiographically, but the patient elected not
to pursue revision. In the other, a single suture anchor
pulled out, but the overall repair remained intact.

There were 2 transient neurological injuries. One
patient had numbness of the radial forearm that resolved
over a period of 4 months and was attributed to improper
patient positioning. The other patient experienced sensory
loss in the distribution of the axillary nerve that resolved
completely after 2 months. Other complications included
hypertrophic scar formation requiring scar excision (n =
2), complex regional pain syndrome (n = 1), and pulmonary
embolism (n = 1).

On univariate analysis, white race was a significant risk
factor for any postoperative complication (P = .03), as was
surgery occurring .6 weeks after injury (P = .02). Both fac-
tors remained significant in the logistic regression model.

Revision Surgery

Seven patients underwent revision surgery: 4 were second-
ary to a deep space infection (1 because of frank repair fail-
ure and 3 because of repair takedown/hardware removal
during operative debridement) and 3 because of repair fail-
ure after a reinjury.

On univariate analysis, repair failure (P \ .0001) and
deep space infection (P \ .0001) were predictive of the
need for revision surgery. Tobacco use trended toward,
but did not reach, significance (P = .06). In the multivariate
regression model, only deep space infection was a signifi-
cant predictor of the need for revision surgery (P = .04).

Return to Military Duty

Among the study population, 214 of the 291 patients com-
pleted at least 1-year clinical follow-up. The remainder
either completed active-duty service within 1 year of

surgery or had not followed up with a military physician
at least 1 year after surgery. Patients with less than 1
year of clinical follow-up were excluded from the analysis
of return to military duty.

Ten patients (4.7%) were physically unable to return to
military service after surgery and were medically dis-
charged. Nine of these patients underwent primary repair,
while 1 underwent allograft reconstruction because of
a late diagnosis (2 years after injury) with significant ten-
don retraction. Nine patients had no identifiable complica-
tions of treatment but experienced persistent weakness
that prevented upper body exercise. One patient had devel-
oped complex regional pain syndrome. None of the patients
with a deep space infection required medical discharge,
and none of the patients who underwent a revision proce-
dure required medical discharge.

On univariate analysis, significant risk factors for med-
ical discharge were enlisted rank (P = .02), junior officer/
enlisted status (P = .05), and time from injury to surgery
(P = .04). In the multivariate regression model, only junior
officer/enlisted status was significant (P = .02).

DISCUSSION

Ruptures of the pectoralis major tendon are usually
described as relatively uncommon, primarily affecting
young men performing the bench press, whose incidence
has been increasing over the past few decades. The evi-
dence for these oft-repeated statements, however, is lim-
ited. The first reported case of a pectoralis major tendon
rupture was published in 1822 by Patissier26 in a mono-
graph on diseases and injuries of artisans and craftsmen.
It involved an apprentice butcher who ruptured the tendon
while handling meat. The patient subsequently died. Much
of the literature until the mid-1900s was isolated case
reports, primarily in middle-aged men sustaining work-
related injuries or accidents involving horses.14

In 2000, a meta-analysis by Bak et al5 was only able to
find 150 cases of the injury, of which 112 (including 4 of their
own cases) had sufficient details reported to analyze. The
mean age of included patients was 28 years. They observed
that most reports after the early 1970s occurred in young
athletes and concluded that surgical treatment was most suc-
cessful when undertaken within 16 weeks of injury. It is
worth noting, however, that the largest single series in their
meta-analysis consisted of 19 patients,18 and the conclusions
on treatment outcomes were based on 72 patients (57 treated
operatively and 15 treated nonoperatively).

A 2012 meta-analysis by ElMaraghy and Devereaux8

found 365 patients in the literature with a mean age of
31 years. Their review was hampered by the lack of consis-
tent classification of ruptures and limited reported infor-
mation on the timing and method of treatment. Only 198
(56%) of the cases that they identified were clearly labeled
as ‘‘complete’’ tears or avulsions, which seem to be most
amenable to surgical treatment. Probably owing to the
inconsistency in the literature, they did not address treat-
ment outcomes and chose to limit their review to the pro-
posal of a new tear classification system.
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Since the publication by ElMaraghy and Devereaux,8

there have been 5 additional case series of pectoralis major
tendon ruptures, 2 of which are expansions and follow-ups
of previously published prospective series. Merolla et al25

reported 5-year follow-up results on 12 men followed pro-
spectively after surgical repair of a pectoralis major tendon
rupture. They found excellent results in 75% and no signif-
icant difference in mean strength between affected and
unaffected arms. This report apparently incorporated 5
patients from a previously published series in 2009 from
the same institution.24 de Castro Pochini et al6 published
a subsequent report of an ongoing prospective study7 of
60 men with pectoralis major tendon ruptures randomized
to operative or nonoperative treatment. The mean age was
31 years, and the mean follow-up was 4 years. They found
substantially better results with operative management in
side-to-side strength and return to sport. They also
reported improved outcomes with acute repair, although
‘‘acute’’ was defined as \3 weeks after injury, and 68% of
their patients were not seen until more than 3 months
after injury.

The 3 other series published since the ElMaraghy and
Devereaux8 meta-analysis reported good outcomes with sur-
gical treatment. Fleury et al11 retrospectively examined 33
cases, with 18 initially treated nonoperatively and 15 trea-
ted operatively. They found no difference in mean strength
changes between those treated operatively and nonopera-
tively at a mean 12 months after injury, but there were
fewer patients with ‘‘clinically significant’’ strength differen-
ces (defined as .20% difference between affected and unaf-
fected extremities) in the operatively treated group. Lau
et al19 followed 9 professional steer wrestlers injured during
competition with a mean age of 35 years, 7 of whom under-
went operative treatment. Despite 4 having prior pectoralis
major tendon injuries, all but 1 returned to professional
rodeo, including 1 who subsequently won the Canadian
Finals Rodeo. Guity et al12 examined 24 ‘‘distal’’ pectoralis
major tendon ruptures with a mean patient age of 27 years,
all of which were treated operatively. At 1-year follow-up,
there were 6 excellent results and 15 good results, and 21
of 24 patients were able to return to sport (15 at a lower
level of competition).

The literature generally demonstrates that pectoralis
major tendon ruptures are usually the result of sporting inju-
ries in younger men and that operative management is rea-
sonably reliable in restoring strength and function. However,
most of this literature comes from larger tertiary referral
centers and even then rarely involves more than a few dozen
cases. The actual incidence rate of this injury in the general
population is unknown. To the best of our knowledge, only
a single study has attempted to calculate the incidence in
any population. White et al31 examined 1 year’s worth of
data from a single military hospital and found an incidence
of 1 per 13,317 person-years in the US active-duty military
population. This calculation, however, is based on only 7
cases treated over 2 years, 2 of which occurred in a patient
with bilateral ruptures. We are not aware of any study
that has attempted to formally assess the risk of ruptures
by age or the outcomes of treatment by various demographic
and surgical factors. As described above, even the chronicity

of injury is only rarely correlated with surgical outcome, and
outcomes have been inconsistent.

The paucity of literature on pectoralis major tendons
stands in stark contrast to a host of other orthopaedic con-
ditions such as anterior cruciate ligament ruptures, shoul-
der instability, labral injuries, and meniscal injuries,
where reported cases number many thousands or greater.
This may be because of the relatively fewer number of pec-
toralis major tendon ruptures that occur annually, but we
also argue that it is an unintended side effect of the Inter-
national Classification of Diseases, Ninth Revision (ICD-9)
and CPT scheme for coding diagnoses and procedures.
There is no specific ICD-9 code for a pectoralis major ten-
don rupture, and there is no CPT code for pectoralis major
tendon repair or reconstruction. Rather, these are part of
larger groupings of upper extremity tendon sprains and
repairs. Consequently, large databases cannot be directly
queried for this injury, and all candidate cases with ICD-
9 code 840.8 and CPT code 24341 must be examined man-
ually, as we did in this study.

The major strength of the present study is the relatively
large number of cases from a geographically broad area
treated by multiple surgeons. This permitted us to calcu-
late an incidence rate that is reflective of the global Amer-
ican military force and is not limited to a particular region
or branch of service. Additionally, our ability to access pop-
ulation data from the M2 allowed us to determine risk fac-
tors for a rupture, including service in the Army, enlisted
rank, age between 25 to 34 years, and junior enlisted/
officer status. This correlates with the anecdotal observa-
tions of previous studies that youth and physical demand
increase the likelihood of pectoralis major tendon ruptures.
The peak age of incidence identified in this study is some-
what higher than we expected but consistent with the
mean age of patients in smaller series.

We also confirmed earlier findings that the majority of
pectoralis major tendon ruptures occur during weight lifting.
Interestingly, however, we identified 19 cases of injury that
occurred during airborne operations in which the patient’s
arm became entangled in a static parachute line or parachute
riser, forcibly extending and abducting the arm at the shoul-
der. We were only able to identify 1 previous case report of
this mechanism from a Turkish group.17 This mechanism
accounted for more pectoralis major tendon injuries than
did combative/grappling injuries and is a potential target
for injury risk reduction by military authorities.

The present study also found that 22% (n = 64) of inju-
ries over this time period occurred in personnel who were
deployed overseas but that none of these injuries were
the result of direct combat. Rather, nearly all these injuries
occurred during weight lifting and required personnel to be
evacuated from the theater of operations for further treat-
ment. Weight-lifting equipment is commonly provided to
deployed forces, even in very forward and austere environ-
ments. Our anecdotal observation has been that personnel
will commonly use these opportunities to ‘‘bulk up,’’
increasing the weight and frequency that they lift. Military
physicians should remain vigilant in the counseling of
deployed forces on safe lifting practices to minimize unnec-
essary personnel loss.
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We can confirm previous observations that surgical
management of these injuries allows the vast majority of
patients to return to their previous activities and that com-
plications are uncommon. Within 1 year of treatment,
95.3% of this study population were able to successfully
return to unrestricted military duty. We found an overall
complication rate of 10%, with nearly half encompassing
superficial wound infections that resolved with oral antibi-
otics. When including only ‘‘serious’’ complications (deep
space infections, repair failure, pulmonary embolism, and
complex regional pain syndrome), the rate falls to 4%.

There are several major limitations to this study. First,
our reliance on a large organizational database raises the
potential of missed cases that were improperly coded.
This could potentially underestimate the incidence of pec-
toralis major tendon ruptures. We potentially could have
mitigated this source of error by examining patients with
an ICD-9 code for pectoralis major tendon ruptures of
840.8 (sprains and strains of other specified sites of shoul-
der and upper arm). However, because of the large number
of non–pectoralis major tendon injuries incorporated in
this code, it was felt that the identification of our study
population using this methodology was infeasible.

Second, because we chose to identify only operatively
treated patients, it is possible that we are underestimating
the true incidence of this condition. Our study methodology
did not allow us to identify patients who elected nonopera-
tive management. We argue, however, that it is highly
uncommon for an active-duty service member to elect non-
operative management of a complete pectoralis major ten-
don rupture. Because all branches of service require
physical fitness testing that incorporates upper body
strength exercises (push-ups or pull-ups), military surgeons
generally recommend operative treatment for complete rup-
tures, and military patients generally elect this option.
Anecdotally, none of the authors have encountered an
active-duty patient with a complete pectoralis major tendon
rupture who refused surgical management. It is actually far
more common for patients with partial pectoralis major ten-
don tears to push for surgical treatment, based on the com-
mon belief that this will improve their ultimate outcome.

Third, we recognize that the applicability of our results to
the general population is limited. The active-duty military
population tends to have younger personnel who are more
active than the population that it serves and is predomi-
nantly male. However, in the case of pectoralis major tendon
ruptures, this may actually be a strength. Because these
injuries predominantly occur in young male athletes, the
incidence rate in the military population may actually be
more applicable to civilians at risk for this injury than a sim-
ilar incidence rate in the unselected civilian population.

Finally, our study methodology did not permit us to col-
lect data in several potentially important areas. We were
unable to determine what types of repairs were performed
in each case and so cannot comment on the outcomes of indi-
vidual repair techniques. Similarly, while we were able to
identify tear location based on MRI findings, our lack of
operative reports did not allow us to correlate these results
to intraoperative findings. Although our distribution of tear
locations is similar to that in previous smaller studies, at

least 1 study has suggested that MRI may overestimate
the proportion of tears at the myotendinous junction and
underestimate the frequency of more distal tears.20 We
were also unable to determine what role, if any, that race
plays in the incidence of pectoralis major tendon ruptures.
This was particularly disappointing because the previous
work by White et al31 found non-white race to be a signifi-
cant risk factor for all major tendon ruptures.

In conclusion, over a 3-year period from 2012 to 2014, the
incidence of pectoralis major tendon ruptures in US active-
duty military personnel was 60 per 100,000 person-years,
surgical treatment resulted in high rates of return to
duty, and major complications were uncommon. These
results should provide reassurance to high-demand patients
sustaining a pectoralis major tendon rupture that surgical
management safely and reliably restores function and that
most patients can reasonably expect to return to high-
demand activities after recovery.
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