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ABSTRACT

Irreparable posterosuperior cuff ruptures usually result in im-
portant loss of shoulder function with associated pain. In order
to improve the symptoms and patient quality of life, and to try
to prevent progression towards possible arthropathy secondary
to rotator cuff rupture, surgical management may be indicated in
those individuals where conservative treatment has failed.

A number of techniques have been described for the man-
agement of this disorder, such as debridement with tenotomy
| tenodesis of the biceps, partial repairs, the placement of a
subacromial balloon, tendon transfers or reverse shoulder re-
placement procedures. Surgical success is related to a correct
surgeon choice of the most adequate technique for each indi-
vidual patient.

In the last decade, the subacromial balloon and superior cap-
sular reconstruction have become popular for the management
of ruptures of this kind. The present study describes these two
techniques, their indications, functioning and clinical outcomes
to date, with the purpose of clarifying their indications for deal-
ing with irreparable posterosuperior rotator cuff ruptures in cer-
tain patients.
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RESUMEN
Alternativas quiriirgicas en roturas irreparables del manguito
posterosuperior

Las roturas irreparables posterosuperiores de manguito suelen
conllevar una importante pérdida de funcion del hombro y dolor
asociado. Para mejorar esta sintomatologia y la calidad de vida de
estos pacientes, asi como para tratar de evitar la evolucion de estas
roturas en una posible artropatia secundaria a roturas del mangui-
to rotador, el manejo quirtrgico puede estar indicado en aquellos
pacientes en los que el tratamiento conservador haya fracasado.

Existen maltiples técnicas quirdrgicas descritas para el manejo
de esta patologia, tales como el desbridamiento con tenotomia/
tenodesis del biceps, las reparaciones parciales, la implantacion
del balon subacromial, la reconstruccion capsular superior, las
transferencias tendinosas o la protesis invertida de hombro. El
éxito quirlrgico estara relacionado con la correcta eleccion por
parte del cirujano de la técnica mas indicada para cada paciente.
En la Gltima década se ha popularizado el uso del baldn subacro-
mial y de la reconstruccion capsular superior para el manejo de
este tipo de roturas. A continuacion, se presentan estas dos téc-
nicas quirdrgicas, sus indicaciones, funcionamiento y resultados
clinicos hasta la fecha con el fin de aclarar las indicaciones de
estos tratamientos para el manejo de las roturas posterosuperio-
res irreparables de manguito rotador en determinados pacientes.

Palabras clave: Rotura masiva manguito rotador. Tratamiento
quirdrgico. Hombro. Balon subacromial. Reconstruccion capsular
superior. Tendon biceps proximal.
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Introduction

Irreparable posterosuperior massive rupture is defined as
rupture affecting the tendons of the supra- and infraspi-
natus (Collin type D), and is associated to retraction of
these tendons at glenoid level (Patte 3)“ with fatty infil-
tration and high grade muscle atrophy (Goutalier 3-4)®.
Ruptures of this kind usually manifest clinically in the
form of important shoulder dysfunction, including loss of
mobility and pain. In addition, lack of integrity of the pos-
terosuperior rotator cuff can give rise to eccentric loading
of the humeral head over the glenoid cavity and acromion,
with wear and consequent arthropathy secondary to rota-
tor cuff rupture®,

In order to revert the clinical manifestations and im-
prove patient quality of life, posterosuperior massive cuff
ruptures that fail to improve with conservative manage-
ment usually require surgical procedures such as debride-
ment with tenotomy / tenodesis of the biceps, partial re-
pairs, the placement of a subacromial balloon, superior
capsular reconstruction (SCR), tendon transfers or reverse
shoulder replacement. Deciding which treatment option is
best for a given patient may prove challenging. Therefore,
in order to secure good results, each shoulder surgeon
should have adequate knowledge of the indications, func-
tioning and clinical outcomes of the different therapeutic
modalities available”. In this regard, the present study
describes treatment with the subacromial balloon, supe-
rior capsular reconstruction and its bio-SCR variant.

Subacromial balloon

In 2012, Savarese et al.® published the technical descrip-
tion of the arthroscopic placement of a biodegradable
balloon in the subacromial space (Figure 1)°. Following
insufflation, the balloon acts as a spacer, avoiding superi-
or migration of the humeral head (Figure 2)®. In irrepara-
ble cuff rupture, it has been reported that the balloon can
restore glenohumeral biomechanics and improve shoul-
der function thanks to a descent of the humeral head and
its centralization with respect to

The biodegradable balloon is composed of a polylactic
compound and caprolactone copolymer with a half-life of
about 12 months, and its weight is reduced to 60%, with a
return to its initial size 6 months after placement®™. A mag-
netic resonance imaging study showed that 24 months af-
ter implantation, only a thick fibrotic layer could be distin-
guished between the humeral head and the acromion®™.
Such fibrosis is a consequence of the inflammatory re-
sponse around the implant and appears to be responsible
for the fact that the restoration of glenohumeral function
persists after disintegration of the balloon™™. To date, the
histological studies have not evidenced the appearance
of complications due to the chronic inflammation and/or
systemic toxicity of the device®.

During placement of the subacromial balloon, it is not
advisable to perform an extensive bursectomy in order to
avoid possible displacement of the balloon in the sub-
acromial space. Debridement must be performed of all
the soft tissue immediately above the supraglenoid tu-
bercle in order to perform the required measurement. In
some cases, we may need to add tenotomy / tenodesis of
the long portion of the biceps™. The balloon is inserted
through the lateral portal, with the medial portion located
above the superior glenoid margin (and remnant cuff, if
any) and the lateral portion beneath the acromion, with-
out extending beyond its lateral border. Once in the cor-
rect position, the device is insufflated with the volume of
saline solution recommended by the manufacturer. Filling
the balloon to above the recommended volume may re-
sult in increased tension of the deltoid muscle, pain, and
an increased risk of displacement of the device. In this re-
gard, if it is not possible to insufflate the entire volume, it
is advisable for the balloon to be left less inflated in order
to avoid such complications®.

No consensus has been reached to date regarding the
definitive indications of the technique, mainly because of
the heterogeneity of the different studies in terms of the
conditions for placing the subacromial balloon, and the
lack of long term studies and/or controlled trials"™®.

This surgical technique was initially described in pa-
tients showing no improvement with conservative man-

the glenoid cavity, restoration
of the torque generated by the
subscapularis and teres minor,
and an increase in tension of
the deltoid muscle®. Lobao
et al, through the simulation

of irreparable cuff rupture in v y S
cadaver models, were able to R
demonstrate that the subacro-
mial balloon appears to restore
glenohumeral biomechanics
during the immediate postop-

erative period™.
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Figure 1. InSpace® biodegradable spacer®.
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Figure 2. Graphic representation of the end result of the subacro-
mial balloon technique following insufflation. Image reproduced
from the original article by Savarese et al.®.

agement, and who met one of the following require-
ments®:

1. Isolated irreparable rupture of the tendon of the su-
praspinatus.

2. Irreparable rupture of the tendon of the supraspina-
tus associated to reparable rupture of the tendon of
the infraspinatus.

3. Irreparable posterosuperior rupture of the rotator
cuff, with an intact or reparable ruptured tendon of
the subscapularis.

In order to guarantee the effectiveness of the surgi-
cal technique, the tendon of the subscapularis and the
tendon of the teres minor must be normally functioning
and intact™. In this way we can guarantee restoration of
the rotational torque of the humeral head with the gle-
noid cavity. Nevertheless, other authors indicate that in
order to ensure the recovery of active flexion of the arm,
these tendons, if ruptured, must be repaired first before
the spacer is implanted(.

Furthermore, subsequent studies have shown that the
best outcomes can be expected in those patients with an in-
tact and/or partially reparable tendon of the infraspinatus®.

Thus, taking into account the current literature and the
recommendations of the experts, it seems that the ideal
patient for placement of the subacromial spacer balloon
is an individual failing to respond to conservative man-
agement, with massive rotator cuff rupture, intact tendons
of the subscapularis and teres minor, a preferably repara-
ble infraspinatus, with complete passive mobility and no
glenohumeral arthropathy™. Burnier et al.,, on the basis
of a systematic review conducted in 2019, added that a low
functional demand was another feature to be taken into
account in defining the ideal patient for this technique®?.

In contrast, there are greater contraindications for
the use of this technique in irreparable massive cuff rup-
tures™. These are:

108

- Patients allergic to any of the components of the
device.

- Active infection.

- Glenohumeral arthropathy. Patients with erosive
lesions of the joint surfaces will experience persis-
tence of the pain and limited mobility secondary to
the formation of osteophytes.

- Deltoid muscle dysfunction. The deltoid muscle be-
comes the main elevator of the arm after placement
of the subacromial balloon; it therefore must exhibit
normal function in order to afford good outcomes.

- Pseudo-paralysis of the affected extremity. The poor
results reported by different authors in patients with
pseudo-paralytic shoulder have presently caused
this latter condition to be regarded as a contraindi-
cation to the use of the technique.

The most frequently reported complications are per-
sistent pain and displacement of the device. Reconversion
to reverse shoulder replacement is the most common type
of revision surgery®. Ruiz Iban et al., in their series of 16
cases with a minimum follow-up of two years, reported
reconversion to reverse shoulder replacement in one out
of every three patients®.

Twelve years after its introduction on the European
market, there is not enough scientific evidence to confirm
that the subacromial balloon is an effective treatment
for dealing with irreparable massive ruptures. The study
designs are very heterogeneous, and most of the publi-
cations present low level evidence (IlI-1V); it is therefore
difficult to draw firm conclusions®?. For this reason, in
the United Kingdom, its use has been restricted to the re-
search setting only™. A randomized, double-blind multi-
center study has recently been published® reporting that
arthroscopic debridement is superior to this same tech-
nique combined with use of a subacromial balloon. Thus,
with high quality evidence, the authors conclude that the
subacromial balloon is not an effective treatment, may
prove harmful, and is not cost effective. They consequent-
ly exclude this technique as a surgical treatment option
for patients with irreparable rotator cuff rupture.

Superior capsular reconstruction

The anatomical structure of the superior glenohumeral
capsule was first described by Clark et al. in 1990%9, defin-
ing it as a deep extension of the coracohumeral ligament.
It is a fine fibrous structure inserted in the upper part of
the glenoid neck and laterally in the greater tuberosity,
and may occupy the entire footprint of the tendon of the
supraspinatus. It is intimately related to the "rotator ca-
ble" (defined by Burkhart et al.) or humeral semicircular
ligament®. Pouliart et al. postulated that the superior
capsule plays a "safety" role in the anchoring of the rota-
tor cable and in maintaining its function®. Patients with

Rev Esp Artrosc Cir Articul En. 2023;30(2):106-14
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massive rotator cuff rupture present a defect in the su-
perior capsule and in the rotator cable. This results in re-
verse fulcrum loss and loss of joint stability, giving rise to
ascent of the humeral head during abduction which, over
time, leads to secondary osteoarthrotic changes.

Mihata et al.?®, in a study in cadavers, postulated that
reconstructing the superior capsule with a graft anchored
medially in the glenoid cavity and laterally in the tuberos-
ity would be able to restore joint stability and thus shoul-
der function (Figure 2).

The surgical technique is performed arthroscopically®.
The first step involves extensive debridement and bursec-
tomy of the entire subacromial space to facilitate visualiza-
tion and expand the working space. Then, we place the first
four implants, two at the upper level of the glenoid neck
and the other two at medial level of the footprint of the
supraspinatus (previously prepared) (Figure 3). This step is
crucial for performing the measurements of the distances
between anchorings (anterior, posterior, medial and lateral
distance) and for calculation of the final size of the graft
(Figure 4). Once the definitive graft has been obtained with
the calculated size, and before inserting it in the subacro-
mial space, the latter must be perforated with four orifices
at a pre-established distance in order to retrieve the ex-
tremities of the implants through each of them. Then, we
interconnect two ends of the medial anchorings (one end
for each anchoring). At this point we insert the graft into

the subacromial space, pulling on the two medial extremi-
ties that have not been interconnected, and which act as a
descending pulley mechanism. To complete positioning of
the graft at lateral level, a double row transosseous-equiv-
alent (TOE) placement is carried out with two new implants
- preferably knotless implants. Most surgeons perform this
final fixation of the graft with the shoulder in abduction of
about 10-45°69 though despite the different studies car-
ried out in this regard®??, there is not enough evidence to
recommend a concrete abduction angle for fixing the graft.

The recommended last step before completing sur-
gery is to perform convergence sutures between the graft
and the tendon of the infraspinatus, since this has been
suggested to favor increased stability® and better inte-
gration of the graft®¥ - the latter being one of the most
important factors for improving the middle and long term
outcomes®: (Figure 5).

It is indicated in those patients that present sympto-
matic irreparable rupture of the tendon of the supraspi-
natus, and where conservative management has failed
and all the following characteristics are met:

- Intact tendon of the infraspinatus or with reparable

damage.

- Absence or minimum presence of glenohumeral os-

teoarthrosis (Hamada 1 or 2)%7,
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Figure 3. Graphic representation of the subacromial view from
the lateral port in the right shoulder after placing the first four
anchorings to perform the superior capsule reconstruction tech-
nique.

Rev Esp Artrosc Cir Articul En. 2023;30(2):106-14

Figure 4. Figure showing the size of the final graft according to
the measures taken intraoperatively, and graphic representation
of the location of the four orifices in the graft according to the
pre-established distance. Image provided by Arthur Rousseau.
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Figure 5. A: arthroscopic view of the left shoulder. Lateral view of superior capsular reconstruction (SCR) with a graft anchored medially
to the glenoid cavity and subsequently convergence knotted to the tendon of the infraspinatus; B: arthroscopic view of the left shoul-
der. Posterior view of SCR anchored laterally to the greater tuberosity in a knotless double row; C: schematic view of the SCR anchored

medially to the glenoid cavity and laterally to the greater tuberosity.

Intact tendon of the subscapularis or with reparable
damage.

Normally functioning deltoid muscle.

No severe 0steoporosis.

To secure improved results with the surgical tech-
nique, we must be very careful in selecting the patients,
and furthermore, in this technique, the characteristics of
the graft also appear to play an important role in terms
of the outcomes obtained. The initial technique was de-
scribed using autologous fascia lata ©®, though at present
there are studies that have used different heterologous
acellular dermal matrix grafts, as well as different autol-
ogous grafts such as tendon of the semitendinosus, the
Achilles tendon, or the long portion of the biceps (Ta-
ble 1). Independently of the graft used, it should be at
least 6 mm thick®:3® in order to guarantee good middle
and long term outcomes.

The studies published up until 2020, including system-
atic reviews®*), concluded that the SCR technique, at least
over the short term, affords significant improvement in
terms of strength and mobility, with the reduction of pain.
Series have been published that report rates in excess of
90% of pseudo-paralysis reversion “49 and patient reincor-
poration to previous physical and working activity“®. These

preliminary results, the introduction of dermal allografts,
improvements of the surgical technique, etc, have caused
this procedure to increase exponentially in popularity
among shoulder surgeons. Some authors have referred to
this popularity as being the result of pressure on the part
of the industry, and of collective surgical enthusiasm®.
The fact is that to date, there have been no randomized
prospective studies comparing SCR with techniques such
as debridement, biceps tenotomy or partial repair. Most of
the published articles can be classified as technical papers,
articles on biomechanical principles, observational studies
or reviews of observational studies. This lack of high lev-
el evidence has been cited as a cause underlying the de-
crease in the number of superior capsular reconstructions
made. Other mentioned reasons are the lack of healing of
the graft and the absence of patient perceived benefit ca-
pable of justifying the cost of the technique®®.

Transpositioning of the biceps for biological
capsule reconstruction (bio-SCR)

As commented above, integration and healing of the graft
with the receptor bone is one of the most important as-
pects for obtaining good out-

Table 1. Types of grafts used for superior capsular reconstruction.

comes with SCR over the middle
and long term®:. Recently, a

number of authors have de-

scribed the use of the long
portion of the biceps (LPB) as

Category Type of graft

Autograft Fascia lata, tendon of the biceps, tendon of the semitendinosus
Human acellular dermis, fascia lata, Achilles tendon, tendon of the

Allograft

semitendinosus

autograft in SCR“2. Further-
more, the use of this autograft

Synthetic grafts Teflon® patch

in comparison with the initial

Xenografts Porcine acellular dermis, DX® reinforcement matrix

technique of Mihata et al.?® of-
fers a series of advantages such

110
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as the disappearance of morbidity in the donor zone, and
an apparent decrease in surgery time and the risk of in-
fection®). When compared with the use of allografts, xen-
ografts and synthetic grafts, SCR with biceps transposition
is a less demanding technique, and reduces the costs of
surgery and the risk of transmissible diseases®+.

The indications of bio-SCR are basically the same as
those of the conventional SCR technique, though the fol-
lowing is moreover needed:

- An intact tendon of the long portion of the biceps

and its insertion.

- Patients with low functional or strength demands.

During the arthroscopic subacromial step of the bio-
SCR technique, it is essential to confirm the integrity of the
long portion of the biceps. Once this has been confirmed,
we prepare the footprint. Two anchorings are placed with
sutures, one at the most medial aspect of the footprint and
the other atthe most lateral aspect (Figure 6A). A curved soft
tissue penetrating device is used to perform a loop through
the long head of the biceps, with fixation to the anchoring
with 4-5 knots. This first knotting step fixes the biceps in its
new location, and with the second thread emerging from
the anchoring we perform another knot that envelops the
tendon of the long head of the biceps to secure greater
fixation and stability in the insertion bed (Figure 6B). The
same process is carried out with the threads of the lateral
anchoring of the footprint in the greater tuberosity. Then
tenotomy of the long portion of the biceps distal to the
knot of the second anchoring is carried out (Figure 6C)®°.

Fandridis et al.®” described bio-SCR with bifascicular
fixation of the biceps using the box technique (Figure 7);
from the anchoring in the greater tuberosity, a circular
twist of the tendon is applied, inserting it again with an-
other anchoring over the upper margin of the glenoid cav-
ity. In order to do this, we need to use a small subpectoral
approach to secure greater length with the autograft.

}ﬁ“ LN

by Llanos-Rodriguez et al.®?.

Rev Esp Artrosc Cir Articul En. 2023;30(2):106-14

Figure 6. Right shoulder. A: preparation of the footprint parallel to the bicipital groove and
decorticating part of the more lateral cartilage of the joint; B: appearance of the biceps after
performing the two types of sutures with the threads of the more medial implant; C: final view
of the technique after performing the biceps tenotomy. Reproduced from the original article

Figure 7. In performing the bio-SCR technique with bifascicu-
lar biceps plasty, the tendon is fixed at two points in the upper
part of the glenoid neck and at two points in the footprint of
the greater tuberosity, generating the box configuration shown
in the figure.

To date, the studies in cadavers and biomechanical
models have shown that the bio-SCR technique appears to
be biomechanically equivalent
and potentially stronger in cen-
tering the humeral head in the
glenoid cavity compared with
conventional SCR®®®.  These
studies suggest that the bio-SCR
technique with adequate lateral
fixation in the footprint appears
to restore shoulder stability in
irreparable massive cuff rup-
tures, thanks to its capacity to
center the humeral head in the
glenoid cavity.

Ladermann et al®, in a ret-
rospective study, compared the
early clinical outcomes in pa-
tients subjected to arthroscopic
SCR with different types of grafts
(acellular dermis versus long
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head of the biceps). The clinical scores in both groups were
seen to improve after SCR in patients with irreparable rota-
tor cuff ruptures, though there were fewer complications and
revision surgeries with autograft versus the allograft. The au-
thors concluded that if the long portion of the biceps is still
in its place during surgery, its use seems to be valid, given
the reasonable cost and the few associated complications.

Conclusions

The surgical management of patients with massive rota-
tor cuff rupture remains a challenge. Detailed knowledge
of the different therapeutic options and their indications
is crucial for improving the functional outcomes in these
patients. New surgical techniques have appeared in re-
cent years, such as the subacromial balloon and SCR for
the treatment of some of the patients with ruptures of
this kind, though the results published to date are incon-
sistent and with low scientific evidence. For this reason,
the authors, before recommending their generalized use,
point to the need for comparative randomized prospec-
tive studies and publications with long term follow-up,
demonstrating consistent good results over time, in order
to help select the best technique for each individual pa-
tient, and to determine whether they will continue to play
a role in the surgical management of irreparable massive
cuff ruptures.
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