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ABSTRACT

Objective: This study aims to assess a new technique used for
pectoralis major reconstruction using bone tunnel and fixation
with metallic anchors in the contralateral cortical bone. Methods:
Patients who had undergone post-surgical reconstruction of the
pectoralis major at least 24 months before were assessed by
the UCLA Shoulder Score and the Simple Shoulder Test and
compared with the contralateral side by manual goniometry.
Subgroup analysis was also performed between grafted and
non-grafted patients. Results: 13 patients fulfilled the inclusion
criteria. The average UCLA score was 34.77 = 0.12, compared
with the standard 27 of good and excellent results p < 0.0001.
The Simple Shoulder test mean was 11.92 + 0.08. Grafted and
non-grafted subgroups had no statistical differences for UCLA
p = 0.58 and Simple Shoulder Test p = 1.00. Long term losses
for elevation or external rotation were lower than 5°. No lesions
recurred. All patients returned to their physical activities with
no restrictions. Conclusion: The pectoralis major reconstruc-
tion technique using a bone tunnel and metallic anchors in the
contralateral cortical bone was effective. However, its execution
needs special care to avoid complications. Level of Evidence 1V,
Case Series.
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RESUMO

Objetivo: Avaliar, em uma série de casos, o uso da técnica de recons-
trugéo do musculo peitoral maior através de tunel 6sseo na cortical
umeral anterior, feito no local de inser¢ao original desse tendéo, com
fixagao tendinea, usando &ncoras metalicas na cortical contralateral.
Meétodos: Foram avaliados pacientes com mais de 24 meses depds-
-operatorio de reconstrugéo do tendao do peitoral maior através do
escore da UCLA, do teste simples de ombro e da goniometria manual
comparativa com o lado contralateral. Foram também avaliados e
comparados 0s subgrupos uso de enxerto versus sem enxerto usando
0s testes de qualidade de vida e goniometria mencionados acima.
Resultados: De todos os pacientes operados pelo cirurgiao sénior
do servigo, 13 alcangaram os critérios de incluséo e foram incluidos
nesse trabalho. O escore da UCLA foi de 34,77 + 0,12, comparado
com o padrao 27 de bons e 6timos resultados p < 0,0001. A média
para o teste simples de ombro foi de 11,92 + 0,08. Com relagao
ao uso de enxerto, ndo houve diferengas entre 0s subgrupos com
e sem enxerto, p = 0,62 para o escore da UCLA e p = 0,35 para o
teste simples de ombro. Ndo houve perda de elevagao ou rotagéo
externa superior a 5° nem relesoes. Todos 0s pacientes retornaram
as atividades fisicas. Conclus&o: A técnica de reconstrugdo do tendéo
do peitoral maior com tunel 6sseo e fixagdo na cortical contralateral
com ancoras demonstrou-se efetiva, mas sua execugao necessita
cuidado afim de evitarem-se complicagdes. Nivel de Evidéncia IV,
Série de Casos.

Descritores: Musculo Peitoral. Ancoras de Sutura. Traumatismos
em Atletas.
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INTRODUCTION

Lesions of the pectoralis major muscle were first described in 1822 by
Patissier." Until 2012, medical literature had reported around 200 cases
only of this type of injury.? Although uncommon, such lesions have been
more prevalent in recent decades, mainly in 20 to 40-year-old males. Its

main causes are car accidents® and an increasing number of sports,
including: weightlifting, especially straight supine; rugby; boxing; and
some throwing sports.?? The most common rupture mechanism is an
excessive eccentric contraction with pectoral extension after resisting
a load applied with the arm in abduction and extension position.'®
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More individuals seem to have suffered total rupture of the pectoral
caused by abuse of anabolic steroids for rapid muscle mass
gain, possibly because of disproportion in the cross-sectional
area of the tendon and the muscle, changes in sensitivity to pain
and tendon stiffness, less energy absorption, and fail caused by
stretching loss.®

The pectoralis major is a muscle with two parts: the clavicular and the
sternal, the latter most commonly involved in ruptures.! This lesion
is diagnosed by clinical diagnosis, i.e., using only anamnesis and
physical examination.” Imaging such as ultrasound and magnetic
resonance are useful in cases of doubt or chronic lesions and to
establish the site and extension of the pectoral lesion.! Radiographic
examination is useful to assess cases with bone avulsion or which
need fracture differentiation.’®

During clinical examination, patients usually feel a sudden pain in
the medial and cranial face of the arm and/or the thorax associated
with a click, with or without ecchymosis. Loss of the axillary fold
causes muscle asymmetry,23 which is more visible when patients
perform limb abduction by flexing against resistance, especially
with the shoulder in external rotation or resisting forced adduction
by the examiner.

Compared to conservative treatment, surgery leads to improved
function and is usually recommended for young individuals, athletes,
and those with aesthetic complaints.® Non-surgical treatment is
best indicated for patients with partial or muscle mass rupture,
patients with low functional demand, and older adults.'8
Surgical options include fixation of the tendon to the humerus
with bone tunnels or suture anchors; suture of the tendon of
the ruptured sternal head with an intact clavicular head tendon;
screws with washers; “endobuttons;” interference screws;
and direct repair of lesions in the musculotendinous junction.*
Auto/allografts may be needed for reconstructions or repair of
chronic lesions. The most commonly used grafts are of the patellar
tendon with bone fragment, of tensor fascia latae, and of semiten-
dinosus, gracilis, and calcaneal tendons.®'2

This study sought to evaluate a technique of pectoralis major muscle
reconstruction which uses bone tunnels in the anterior humeral line
at the original insertion site of the tendon and metal anchors in the
contralateral cortical area for fixation. We also compared chronic
patients with semitendinosus tendon graft and those with acute
ruptures without graft.

METHODS

Retrospective cohort study of case series type. This study also
compared two subgroups: patients with chronic injury or any type of
lesion who needed a semitendinosus tendon graft against patients
who did not require grafting. The only patient with acute rupture
who required grafting had a rare transtendinous injury.

Inclusion criteria: all patients diagnosed with total rupture of the
pectoralis major tendon who were subjected to surgery and operated
from March 2009 to March 2018 by anchoring in the contralateral
cortical using bone tunnel where the tendon is reinserted with or
without graft.

Exclusion criteria: patients who were not diagnosed with pec-
toralis major rupture, patients older than 60 years, patients with
muscular lesions, patients subjected to other surgical techniques,
vulnerable populations, and those who refused to provide data
for the study.

Of the 25 patients with pectoralis major injury who were operated
by the senior surgeon of the group, 13 fit the inclusion criteria and
were evaluated. The other 12 were excluded for using other fixation
methods, of which: three underwent suturing of the sternal head
with the clavicular head (technique no longer recommended by
the author) and nine had transosseous fixations. We assessed

Acta Ortop Bras.2022;30(2):e237934

13 patients subjected to surgery for repair/reconstruction of the
pectoralis major muscle tendon performed by a single surgeon
from January 2009 to March 2018, with at least 27 months of
post-surgery follow-up.

Evaluation scores were:

UCLA Shoulder Score, Simple Shoulder Test, and comparative
manual goniometry with contralateral side: all with at least two
years of post-surgery.

Intraoperative and postoperative complications were reported.
Surgical technique:

The patient is placed in beach chair position under general
anesthesia and Brachial plexus block. A pathway is made similarly
to the deltopectoral approach but lower (about 2 cm below the
coracoid process and 7 cm towards the armpit). For injuries in
which reinsertion is possible, a bone tunnel with three holes
in the anterior cortical is prepared using Kirschner 4.0 wires
spaced about 5 mm. These holes are joined using rongeur.
If needed, one more hole can be made, but three are usually
enough. Three more holes as wide as the anchor cylindrical shaft
diameter are then made through the tunnel in the contralateral
cortical, one in the middle and 90° from the canal, one upper,
and another lower, the latter two with about 70° — 45° angulation
with the larger axis of the canal in extrinsic directions toward the
center. Three 5 mm diameter metal anchors with at least two high
strength wires each are inserted into these three holes through
the tunnel. A Krackow-type suture is made in the tendon towards
the pectoral and back using the high resistance wires of the
anchors (Figure 1). The wires are then pulled to the intraosseous
and sutured (Figure 2). When necessary, two tendons are usually
used for grafting: the gracilis and the semitendinosus tendon,
both trespassed through the middle of muscle mass, medial to
myotendinous junction. A continuous-anchored suture is also
made with a few more high-strength wires in the medial part of
the graft and the lateral part of the pectoral, forming a web to
dissipate energy to the muscle (Figure 3) and prevent new acute
ruptures of this region of the pectoral trespassed with grafted
tendons. This “web” must be tested, and all areas of the pectoral
should be tensioned by the web distribution of points to avoid
vascular strangulation as much as possible. Grafted tendons
are then sutured with a tension that keeps adequate tone in the
pectoral, with the three anchors in the same way as described
above for acute pectoral injury (Figures 4 and 5). At closure,
only skin and subcutaneous tissue are closed.

Figure 1. Visualization similar to deltopectoral approach, sutured tendon
and view of the osseous canal. P: pectoral; C: bone tunnel; A: anchors.
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Figure 2. Visualization similar to deltopectoral approach, insertion of
the pectoralis major tendon. U: humerus; P: pectoral major.

Figure 3. Visualization similar to deltopectoral approach, semitendinosus
graft and web suture. S: “web” sutures; T: graft of the semitendinosus tendon.

Figure 4. Visualization similar to deltopectoral approach, graft inserted
in the osseous canal. P: pectoral; A: inserted anchors; U: humerus.
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Figure 5. Radiography of the 3 implanted anchors and the bone tunnel.

After the procedure, the patient has to wear a sling for four weeks
and the pendulum exercises begin after 2 weeks of surgery.
After four weeks of surgery, passive range of motion exercises
begin at the pain limit. The patient usually completes the movement
after 12 to 13 months of operation at most. The patient returns to
physical activities after 10 weeks of surgery and to activities with
normal loads after 20 weeks.

Statistical evaluation respected the nature of the curves and sub-
group analysis was performed between patients with and without
tendon graft. Data were compared with good and excellent result
patterns established by the literature and between subgroups.
Established significance was 0.05 in a two-tailed curve.

This study was approved by the Research Ethics Committee under
no. 3.734.596.

RESULTS

Ofthe 13 patients who participated in the study, nine were operated on
the right side and four were operated on the left side. Seven patients
required a semitendinosus tendon graft: six who had chronic injury
and tendon degeneration and one with a transtendinous lesion.
The six others did not need grafting because they had acute injury or
had all grafts removed from the gracilis and semitendinosus tendons.
The mean follow-up time was 76 months (27-135). All patients were
male. The overall UCLA Shoulder Score was 34.77 + 0.12, compared
to the standard 27 of good and optimal results p < 0.0001. The mean
for the Simple Shoulder Test was 11.92 + 0.08. Subgroups with and
without graft had p = 0.62 for the UCLA score and p = 0.35 for the
Simple Shoulder Test.

Means, standard errors of UCLA and SST, and mean evolution
and injury time between subgroups with and without graft are
summarized in Table 1. However, since this lesion is rare, the number
of individuals is still low to indicate equality between subgroups.
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Table 1. Data and comparison of subgroups with and without grafts.

Graft No graft p
Number of patients 7 6
UCLA Score 3457 0.30 3483 0.17 0.35
Simple Shoulder Test 12 0 12 0 0.62
Injury time 24.71 months Up to 2 weeks
Follow-up Time 56.71 92.17 E—

One patient developed quadrilateral space syndrome caused by mis-
positioning of the synthesis material four years after the procedure and
required surgical removal of the extruded extremity of the anchor with
adiamond drill through the posterior pathway, without compromising
pectoral fixation. This patient returned to activities with no functional
losses and all the other patients returned to their physical activities
with no restrictions. Elevation and external rotation losses were lower
than 5° compared to the contralateral side.

DISCUSSION

Pectoralis major tendon rupture is uncommon and has three
fixation methods: suture in the enthesis with anchors,® suture in
the enthesis with “endobuttons,”'? transosseous fixation,'?
and others less frequent. Transosseous fixation is one of the most
frequently used methods, has greater contact with the bone marrow,
and possibly the greatest biological potential.'*

The method that uses anchors had the lowest pull-out strength.®
On the other hand, transosseous fixations had no significant
differences in pullout strength compared to fixations with
“endobuttons.”® In this biomechanical study, the anchor bone
fixation surface is scarified, weakening the cortical where it is
inserted; however, the senior author used anchors through a bone
tunnel and fixed in the contralateral cortical bone. According to
the standard osteosynthesis technique used for cortical screws,
an orifice of similar width to that of the cylindrical shaft of the
anchor is made from the inside to the outside of the contralateral
cortical bone to avoid losing the thread or breaking the cortical.
The wedge design of the anchor helps its thread to create a trail in

the bone with progressive increase in pressure and decreased fra-
gility points, similarly to tapered compression screws.' Moreover,
the bone elliptical tunnel of the first cortical favors tendon-bone
healing, as seen in transosseous points.™

These results were successful for all cases, with safety and
excellent functional recovery. However, the anchor should be
carefully inserted, so it does not excessively pass through the
contralateral cortical. The anchor usually has a strong handle,
typical of cortical bone. To avoid the more medial part of the
arm and its neurovascular structures, the anchors should be
carefully positioned and introduced in the direction of the tri-
ceps, with inclination of at least 30° lateral in relation to the
sagittal plane in the posterior cortical while the patient’s arm
is in anatomical position. The senior surgeon believes that,
except for transosseous points, this positioning is important
regardless of the synthesis material used, since it could avoid
possible neurological lesions or complications.

Acute lesions show better results when they are operated within
three weeks.'® However, based on our experience, the surgery for
chronic lesion using graft did not influence the functional results, with
p = 0.62 for the UCLA Score and p = 0.35 for the Simple Shoulder
Test. The senior surgeon increased only the sling time as a precaution.
The web arrangement created by the author is somewhat similar
to another mentioned in the literature and with a similar function.'
It interweaves the systems of each graft with the entire distal portion
of the muscle, creating a unique mechanism of energy dissipation
to protect the graft and improve its fixation to the muscle.

The limitation of this study is the lack of biomechanical studies of
pull-out strength which use the fixation technique in the contralateral
cortical and the small number of participants, since pectoralis major
rupture is an uncommon lesion.

CONCLUSION

The technique of pectoralis major tendon reconstruction with
bone tunnel and fixation in the contralateral cortical with anchors
proved to be effective, but needs to be carefully executed to
avoid complications.
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