
Allograft Reconstruction of Chronic
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In chronic pectoralis tendon tears, primary repair may not be possible and allograft reconstruction may
be required. The goal of this study was to report the authors’ experience with chronic pectoralis major
tendon reconstructions using an Achilles tendon allograft in three military patients. Three consecutive
patients presenting with chronic, complete pectoralis major tendon tears underwent reconstruction by
a single surgeon using the same described technique at a mean of 22.2 months after initial injury. Final
outcomes were assessed at a mean of 24.5 months postoperatively, yielding one excellent and two good
results. All patients were satisfied. All patients returned to full active duty military service and recreational
weight lifting by 6 months. Achilles allograft reconstruction of chronic pectoralis major tendon ruptures
is a viable treatment option. Good to excellent results can be achieved in active patients, even when
reconstruction is performed nearly 2 years from the time of injury. (Journal of Surgical Orthopaedic
Advances 22(1):95–102, 2013)
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Pectoralis major tendon tears are relatively rare
injuries, with approximately 180 cases described in the
medical literature since the initial description in 1822
(1). Acute direct repair is an established treatment option,
because numerous studies have shown that either nonop-
erative management or delayed surgical intervention leads
to inferior outcomes (1–6). In challenging cases of
chronic complete tears, muscle retraction and involution
of residual tendon can preclude the use of direct repair
as a surgical technique. To the best of our knowledge,
only seven such cases have been previously reported in
the English medical literature, representing less than 5%
of all documented pectoralis ruptures. Recommended graft
options included one case of tubularized Achilles allograft
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reconstruction, two cases of bone–patellar tendon auto-
graft reconstruction, one case of fascia lata allograft recon-
struction, and three case of hamstring autograft (7–11).
Fixation for these techniques included suture anchors,
bone tunnels, or screw-and-washer techniques. One addi-
tional case report described the use of proximal fascial
detachment in order to eliminate undue tension on a
delayed primary repair (12).

The military population seems to be particularly suscep-
tible to pectoralis major tendon ruptures, with 21 reported
cases representing roughly 12% of all cases in the
medical literature (13, 14). This disproportionate preva-
lence may be related to the high physical demands placed
on the active duty military, as well as the popularity of
weight training in this population. Similarly, frequent field
training and deployments increase the risk for a delay
in diagnosis and treatment. These trends were recently
supported by the experience of the senior author, who
in a 6-month period treated three patients for chronic
pectoralis tendon ruptures, none of whom were candidates
for primary repair at the time of surgical intervention.
Each patient underwent a reconstruction with Achilles
tendon allograft.

Materials and Methods

Following approval from the institutional review board,
a retrospective review was performed for three active
duty service members treated with Achilles allograft
reconstruction of chronic pectoralis major tendon tears
between July 2008 and January 2009. Preoperative and
postoperative orthopedic and physical therapy records
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pertaining to the injured extremity were obtained and
reviewed. Operative reports, intraoperative photographs,
and postoperative clinical photographs were also
obtained.

Demographic characteristics were recorded for each
patient, including age (at injury, surgery, and final follow-
up), gender, rank, and military job. Surgical results were
classified based on the system of Bak et al. (2) (Table 1).
Primary objective measures of outcome included ability
to continue active duty service without need of perma-
nent profiles (a military proxy for limitation of physical
demands), ability to remain in presurgical Military Occu-
pational Specialty (MOS), and continuation of active duty
service.

When available, subjective functional results were
assessed retrospectively based on measures obtained in
postoperative follow-up, including the Single Assessment
Numeric Evaluation (SANE) score, the Disabilities of the
Arm, Shoulder, and Hand (DASH) score, and an abbre-
viated subjective questionnaire based on the prior work
of Antosh et al. in a military population (13, 15). The
DASH scores were also used during follow-up in these
cases because it is a commonly reported outcome measure
in prior pectoralis repair studies and has been validated as
an outcome measure in the military population (16). Simi-
larly, the SANE score has been validated in the military

TABLE 1 Pectoralis repair surgical outcome grading criteria

Excellent
a. Pain free.
b. Full range of motion.
c. Symmetrical manual adduction strength or <10%

isokinetic strength deficit.
d. Return to previous activity without restrictions.
e. No cosmetic complaints.
Good
a. Slight pain not affecting return to activity.
b. Slight restriction in motion.
c. Slight restriction in function.
d. Slight restriction in strength with symmetrical manual

adduction strength or <20% isokinetic strength deficit.
e. No cosmetic complaints.
Fair
a. Pain affecting return to activity.
b. Restricted motion affecting return to activity.
c. Weakness affecting return to activity.
d. Assymetrical manual adduction strength or ½20%

isokinetic strength deficit.
e. Unsatisfactory cosmetic result.
Poor
a. Treatment failure including:

1. Significant surgical complication.
2. Persistent pain.
3. Persistent restriction in motion.
4. Persistent weakness.

Adapted from Bak et al. (2).

population and is a simple and expeditious measure of
subjective function (16).

Surgical Technique

The patient was placed under general anesthesia and
positioned in a reclined beach chair position with a pneu-
matic arthroscopic arm holder used to stabilize the opera-
tive extremity. General anesthesia allowed for utilization
of muscle paralysis, which was critical when mobilizing
the pectoralis muscle belly. The involved extremity was
prepped and draped, with care to extend the operative field
superiorly above the level of the clavicle and medially to
the sternum.

The shoulder was examined with attention to the axil-
lary fold with the arm in an abducted, forward elevated,
and externally rotated position. The deltopectoral interval
was identified and the normal position of the inferior
margin of the axillary fold was estimated and marked.
An incision 6 to 8 cm in length was planned along the
interval centered over the desired position of the axillary
skin fold and a standard deltopectoral interval was used.
The cephalic vein was mobilized laterally with a cuff of
fascial tissue to allow for ease of closure. Exposure was
maintained with a skin rake medially and a wide, blunt
retractor placed carefully beneath the deltoid insertion
laterally, with care taken to avoid placing undue tension
on this lateral retractor.

Inspection of the pectoralis musculotendon construct
was performed and complete rupture of both the sternal
and costal heads at the tendinous insertion was confirmed.
Chronic isolated rupture of the sternal head has been
described and preservation of the clavicular head may
prevent severe retraction of the ruptured portion of the
muscle, allowing primary repair years after injury (17).
The end of the pectoralis major muscle was located
(generally in a retracted, medialized position adherent to
the chest wall). Examination of the tendinous end revealed
substantial loss of tendon fibers, while the pectoralis
muscle fascia more medially remained largely intact. Trac-
tion sutures were placed laterally into the superior and
inferior borders of the pectoralis major muscle and fascia.
Circumferential release of the lateral muscle belly and
tendon was performed to facilitate mobilization, including
digital and manual blunt dissection of subcutaneous and
chest wall adhesions.

The humeral insertion of the pectoralis major was
identified at its anatomic position, directly lateral to
the bicipital groove. Because no residual tendon stump
was present, the anatomic footprint of the pectoralis
major tendon was localized according to the cadaveric
work by Carey and Owens (18) with the superior aspect
of the footprint located approximately 5 cm distal to
where the greater tuberosity meets the bicipital groove.
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FIGURE 1 Operative technique. Deltopectoral approach is used to locate the pectoralis major tendon insertion and a trough is created with
a burr (A). Double-loaded suture anchors are placed into the trough (B), as seen in patient 3 (C). The Achilles allograft has the bone block
removed and the distal end is secured into the trough with the suture anchors, as seen in patient 2 (D). The tendon remnant is located and
tag stitches are placed to facilitate mobilization, as seen in patient 3 (E). The proximal end of the graft is secured to the muscle belly and
tendon remnant with No. 5 nonabsorbable suture, as seen in the artist’s rendition (F), patient 3 (G), and patient 2 (H).

Preparation of the anatomic humeral insertion site was
performed with resection of any remaining fibrous tissue
and creation of a small trough using a narrow double-
action rongeur or handheld burr (Fig. 1A). Three 3.5-
mm suture anchors preloaded with No. 2 high tensile
suture (Arthrex Corkscrew, Naples, FL) were inserted
into predrilled holes in the trough (Fig. 1, B and C). The
Achilles tendon allograft was prepared by removing the
bone block, and the distal end of the Achilles allograft
tendon was secured into the trough with the anchor sutures
(without tension on the graft) (Fig. 1D). The arm was then
adducted to the side and internally rotated. Lateral tension
was placed on the traction sutures within the pectoralis
muscle (Fig. 1E). The Achilles allograft was laid over the
muscle and medially directed tension was maintained with
Alice clamps. A No. 5 Ethibond suture with a large needle

was passed through the allograft and underlying pectoralis
muscle and fascia using a Krackow technique (Fig. 1, F
to H). Care was taken to secure muscle fibers from supe-
rior, middle, and inferior portions of the muscle to the
allograft, because moment arm analysis of each of these
subunits has suggested independent roles for each (19).
Particular attention was paid to the most inferior segments
of the sternal head for two reasons: first, these fibers have
demonstrated the largest excursion during biomechanical
testing; and second, their inclusion is important for re-
creation of the normal contour of the axillary fold (6).
The fascia and skin were closed in a standard fashion.

Postoperatively, the patient was protected with the oper-
ative extremity in an adducted position in a sling for a
total of 6 weeks with therapy limited to daily adducted
pendulum exercises and wrist and elbow range of motion.
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Forward elevation was limited to 90°, with guarding
against external rotation and abduction. At 6 weeks, the
patient progressed to full range of motion, with strength-
ening starting at 12 weeks. Patients were cleared for return
to full duty and sports at 6 months.

Results

Three active duty service members (mean age, 28.7
years) sustained pectoralis major tendon ruptures with
three different mechanisms (direct trauma, weight lifting,
lifting a heavy object), all involving eccentric loading of
the muscle. Accurate diagnosis of the injury occurred at
a mean of 4.4 months after the initial injury. Patients
reported having been counseled regarding the need for
surgical intervention. All patients initially requested
nonoperative treatment and physical therapy because of
operational demands and a desire to continue current
military missions. Patients presented to our facility with
continued pain and disability and were offered surgical
reconstruction. All patients noted their pectoralis muscle
cramping when �exed and becoming prominent anteriorly
(Fig. 2A).

Allograft reconstruction was performed an average of
22.2 months after initial injury. Findings at time of
surgery revealed complete rupture of the sternal and
clavicular heads of the pectoralis major with retraction
and involution of the tendon preventing mobilization
and primary repair despite circumferential releases. All
patients underwent Achilles tendon allograft reconstruc-
tion by a single surgeon using the technique described
above. Final surgical and functional outcomes were
assessed at an average postoperative follow-up of 24.5
months. Surgical results are summarized in Table 2. No
patient required separation from active military service.
All patients returned to duty at a mean of 2.3 months,
with one successfully completing a full combat deploy-
ment beginning just 6 months after surgical reconstruction.
None required a change of MOS. Two of three patients
reported very mild intermittent pain or “tightness” with
strenuous activities even after full recovery, but denied
any effect of this pain on activity level or function. One
patient resumed normal push-ups at his preinjury level
but maintained a physical profile exempting him from

A

B

FIGURE 2 Clinical photographs of patient 3. Preoperatively, the
patient noted cramping of his muscle belly when flexed and anterior
prominence of the muscle (A). Postopertaively, the patient was
happy with his outcome and noted return of normal strength, as well
as cosmetic contour of his chest (B).

formal testing of push-ups as part of his Army Phys-
ical Fitness Test for administrative reasons. The third
patient was able to return to full recreational weight
lifting without any limitations and regained full preinjury
strength, complaining only of the effect of the injury and
subsequent reconstruction on his golf swing (Fig. 2B).
One patient was very satisfied and the other two were

TABLE 2 Patient data

Patient Age Mechanism

Delay to
Diagnosis
(Months)

Delay to
Surgery
(Months)

Postop Follow-up
(Months)

Surgical Result
(Bak et al.) SANE DASH

1 MK 23 Trauma (static line) 3 37.7 23.5 Good 70 6
2 JM 23 Bench pressing (295 lb) 7.1 14.3 24 Good 78 6.7
3 GM 40 Heavy lifting 3 14.5 26 Excellent 90 10
Mean 28.7 4.4 22.2 24.5 79.3 7.6
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satisfied with the surgical outcomes, with outcomes rated
excellent (n D 1) and good (n D 2) based on the system
of Bak et al. (2).

Discussion

Rupture of the pectoralis major muscle is a rare injury.
Although early surgical repair is indicated, delay in either
diagnosis or treatment may result in chronic tears. These
chronic injuries may prelude the surgeon’s ability to
obtain tendon-to-bone contact at the time of surgery,
necessitating allograft reconstruction. We report a small
series of patients who underwent reconstruction with an
Achilles tendon allograft with good to excellent outcomes.

Primary repair is well supported in the literature with
excellent results. Park and Espiniella (4) reported results
clearly favoring operative treatment as early as 1970
when, in their review of 29 cases, they reported 80%
excellent and 10% good results in patients treated surgi-
cally as compared with 17% excellent and 58% good
results in patients treated conservatively. Additionally,
acute repair (usually defined as less than 3 to 6 weeks)
appears to provide superior results relative to delayed
intervention. In 2000, Schepsis et al. (5) described a series
of patients with pectoralis major ruptures and compared
a cohort of patients undergoing acute primary repair (six
patients; mean delay to surgery, 9 days) with those under-
going delayed primary repair (seven patients; mean delay
to surgery, 7 months). The authors were unable to demon-
strate statistically significant differences between acute
and delayed surgical repairs in subjective or objective
measures, although trends favored acute repair. Specifi-
cally, acute repair demonstrated trends toward improved
mean pain relief (95% vs. 89%), return of strength (94%
vs. 90%), and overall satisfaction (96% vs. 93%). Isoki-
netic strength evaluation was performed on three patients
from each surgical group at an average of 26.9 months
after surgery. Expressed as a percentage of contralat-
eral arm strength, acutely repaired patients demonstrated
trends toward improved peak torque at three tested veloc-
ities (88.7% vs. 80%, 102.7% vs. 92.7%, and 100.3%
vs.. 95.7% ), work/repetition (92% vs. 86.7%, 98% vs..
94.3%, and 102% vs. 95%), and fatigue index (102.7%
vs. 101.7%, 104.7% vs.. 97%, 102.7% vs.. 94%) (5). In
2004, Äärimaa et al. (1) attempted to elucidate differences
in acute versus delayed (>3 weeks) repair in a larger
series of their own patients (15 acute: mean, 2.1 weeks; 18
delayed: mean, 19.6 weeks) as well as in a meta–analysis
of cases reported in the medical literature (32 acute,
19 delayed). When graded based on criteria similar to
those of Bak et al., results in their own series demon-
strated a nonsignificant trend toward improved results in
the acute repair group (8 excellent, 7 good) as compared
with the delayed repair group (5 good, 10 fair, 3 poor)

with a cumulative odds ratio of 3.7 (95% confidence
interval, 0.9–15.1; p D .07). However, a meta-analysis
of 73 historical cases demonstrated statistically superior
outcomes with acute repair (18 excellent, 12 good vs. 8
excellent, 12 good) (1). In a second meta-analysis, Bak
et al. (2) demonstrated a significantly higher percentage of
excellent results in patients undergoing surgical repair at 0
to 8 weeks after injury relative to those undergoing inter-
vention at 9 to 52 weeks after injury (57.8% vs. 16.7%).
The findings of these meta-analyses have recently been
strengthened by a 2009 study by Antosh et al. (13). Using
a cutoff of 6 weeks in 14 active duty military service
members, this study showed statistically superior func-
tional measures for acute repair in both overall DASH and
DASH Work Module scores (7.50 vs. 19.72 and 7.81 vs.
29.17, respectively). Also notable was a lower incidence
of exertional pain in the acutely repaired group during
routine activity (2/8 vs. 5/6) and strenuous activity (6/8
vs. 6/6) (13).

Acute primary repair therefore appears to be the best
treatment option. Unfortunately, it may not always be a
viable choice. As evidenced by prior reports and literature
reviews, misdiagnosis and delay in presentation are not
uncommon. Furthermore, as evidenced by two of the three
cases in our series, patients may decline initial operative
treatment even after an accurate diagnosis is obtained.
Patients attempt to resume preinjury levels of activity as
initial discomfort resolves and often find that functional
limitations are greater than initially anticipated, prompting
requests for delayed surgical intervention. Fortunately, in
many of these cases (especially when the clavicular head
is intact), findings at surgical intervention demonstrate that
the rupture is amenable to delayed primary repair.

However, as evidenced by our series of patients, as well
as in eight previously reported cases, substantial retrac-
tion of the muscle and involution of the pectoralis major
tendon as early as 8 weeks after injury can make primary
repair impossible. Various authors have therefore devised
a number of surgical options, including fascial release
or graft reconstruction. A summary of these techniques
and their outcomes is presented in Table 3. While the
small number of cases and large variability with regard to
surgical technique, graft choice, and rehabilitation would
render an in-depth statistical analysis unreliable, results
to date indicate that our technique of Achilles allo-
graft reconstruction of the pectoralis major offers results
comparable with those previously described.

The Achilles allograft offers several theoretical advan-
tages over previously published techniques. This graft is
readily available at many institutions routinely performing
orthopedic surgery such as primary or revision anterior
cruciate ligament reconstructions. Although the use of
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allograft introduces an extremely small risk of disease
transmission, it obviates the need for complicated posi-
tioning or draping and eliminates donor site morbidity
associated with autografts (7, 11, 12). The wide, thin
distal end of the Achilles graft is ideal to mimic the
pectoralis major tendon while the proximal end of the
Achilles tendon fans out to allow for direct overlay onto
the large retracted pectoralis muscle and muscle fascia,
creating a large surface area for incorporation with an
average length of 15 cm (20). There is a secondary benefit
in this respect because it simplifies the procedure, making
more complicated and time-consuming techniques such as
tubularization (8), weaving (7, 10), and graft looping and
cross-stitching (9) unnecessary.

The structural and biomechanical characteristics of
the Achilles tendon also match well with those of the
pectoralis major tendon. The pectoralis muscle consists of
two heads: a uniform clavicular head and a sternocostal
head consisting of two to seven segments (6, 21). The
muscle then coalesces in a fashion described as either a
laminated fan or a 90° twist into a bilaminar tendon with
an inferior con�uence, fusing at its humeral insertion on
the lateral edge of the intertubercular groove. Similarly,
the Achilles tendon is commonly described as consisting
of two main components undergoing approximately 90° of
rotation before its insertion into the calcaneus (20). The
insertional dimensions are roughly comparable, with the
pectoralis insertion reported as 1.4 to 5 mm thick (medial
to lateral) and 5 to 7.7 cm in length (proximal to distal)
(6, 18, 21) and the Achilles insertion described as 6.9 mm
thick and 2.0 to 4.8 cm in width (22). Taking an average
of these measurements and assuming a roughly rectan-
gular shape yields a calculated insertional footprint area
for the pectoralis and Achilles tendons of 2.03 cm2 and
2.35 cm2, respectively.

Finally, the Achilles tendon is capable of withstanding
impressive loads. In vivo measurements indicate that
forces within the Achilles tendon can reach as much
as 9 kN (approximately 12.5 times body weight) or
11,100 N/cm2 during running or bounding activities (23).
Biomechanical analysis of fresh-frozen Achilles allograft
has demonstrated a mean ultimate tensile strength of
47.4 MPa (SD, 17.1) (24). Such properties are desirable in
a graft for reconstruction of the pectoralis major, a muscle
frequently used under high loads during demanding phys-
ical activities (i.e., heavy lifting or bench pressing).

It is important to recognize the limitations of this small,
retrospective case series. Although our results were “good
to excellent,” consistent with prior reports of reconstruc-
tions, we are unable to perform any meaningful statistical
analyses. Although a large, randomized, controlled trial
of specific reconstruction techniques with standardized
measures of outcome would be necessary to definitively
establish one technique as the gold standard, the extremely

rare occurrence of pectoralis ruptures would make such an
undertaking exceedingly difficult. More important, there
is an abundance of evidence showing that acute primary
repair yields superior results. Ideally, this information
should prompt acute intervention whenever possible and
further decrease the incidence of delayed reconstructions
requiring graft augmentation.

Conclusion

Chronic pectoralis major tendon tears may require allo-
graft reconstruction if direct repair is not possible. Good to
excellent results are possible with allograft reconstruction
using an Achilles tendon graft fixed with suture anchors
in an anatomic fashion.
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