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Abstract

Original Research Article ‘

The rupture of the rotator cuff is a common condition in Orthopedics, with massive and irreparable tears posing a
challenge for Orthopedic surgeons. There are multiple techniques described for its treatment, with one of the most recent
being the implantation of a subacromial balloon. This technically simple technique has shown good biomechanical
results in the literature but controversial clinical outcomes. Most of the existing literature is of low scientific evidence.
Studies with higher evidence are starting to emerge, but there is still no clear definition of the role of subacromial

balloons.
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INTRODUCTION

Rotator cuff rupture is a common cause of
shoulder pain and disability that can progress to
significant limitations in daily activities and work [1, 3-
5]. The pain can be so intense that it wakes patients up at
night [2]. Most of these tears are surgically repairable,
with scientifically proven benefits and positive outcomes
recognized by patients [1]. However, approximately 30%
of tears are non-repairable, usually due to their chronic
progression, which leads to tendon healing and
retraction, muscular atrophy with fatty infiltration,
making reattachment to its original anchor site
impossible [13]. Typically, these tears are large, can
involve more than one tendon, and are common in older
patients [2]. With these characteristics, these tears are
referred to as massive (>5 cm in diameter and involving
2 or more tendons [11, 12]) and irreparable.

Massive irreparable rotator cuff tears in a
significant percentage of patients can improve with
conservative treatment, including physiotherapy and
corticosteroid injections [6, 7]. However, there is a
subset of patients who do not respond to these
conservative measures, requiring surgical intervention,
which, according to the literature, typically yields poorer
results and a narrower range of surgical options than in
patients where repair was possible [1, 2, 47]. In older

patients, a reverse total shoulder arthroplasty is a good
solution, with predictable improvement in symptoms and
areturn to daily activities [1, 9]. But in younger and more
active patients, arthroplasty, with its associated risks, is
not the ideal treatment, leaving options such as isolated
debridement and bursectomy, partial tendon repair,
repair with grafts or augmentation, tendon transfer,
superior capsule reconstruction, and finally, subacromial
spacer balloon [1, 8, 10, 21, 28, 47].

This review aims to gather and synthesize the
current evidence regarding the use of the subacromial
balloon in patients with massive irreparable rotator cuff
tears, potentially serving as an auxiliary decision-making
tool.

METHODS

A literature search was conducted using
SciELO, MEDLINE, and the Cochrane Library to
analyze studies containing relevant information about the
use of subacromial balloons in patients with massive
irreparable rotator cuff tears. With the exception of some
initial studies to provide context and conceptual review,
the analyzed and included studies were published within
the last 5 years.

This article encompasses the most recent
studies that have assessed functional outcomes and

Citation: Mestre, Pedro Guimardes, Brazdo, Carla, Climent-Peris, Vicente. Subacromial Balloon Spacer in Massive
Irreparable Rotator Cuff Tears — What Does the Evidence Say?. SAS J Med, 2023 Dec 9(12): 1275-1281. 1275




Mestre et al., SAS J Med, Dec, 2023; 9(12): 1275-1281

complications of subacromial balloon use in patients
with massive irreparable rotator cuff tears, or studies that
have compared these outcomes with the use of other
techniques for treating these tears. Additionally, articles
referring to the cost-effectiveness of surgical
interventions were included. Only relevant articles
written in English were considered.

Surgical Technique

The surgical technique of the subacromial
spacer balloon is based on the use of a biodegradable
implant placed between the acromion and the humeral
head. This technique was initially described by Savarese
and Romeo in 2012 [14, 17] and subsequently by Gervasi
et al., [15, 17] and Senekovic et al., [16, 17]. Its purpose
is to restore the normal biomechanics of the shoulder by
lowering the humeral head and recentering it in relation
to the glenoid [43, 46]. This alteration is supposed to
provide relief from painful complaints and improve
shoulder function, increasing the range of motion and
reducing subacromial impingement [43]. There is also
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described a protective effect of the balloon in patients
who have undergone concomitant rotator cuff repair [17,
18, 43, 46, 47].

Biomechanics

In patients with irreparable rotator cuff tears,
there is described superior migration of the humeral head
as a result of an imbalance of forces since there is no
opposing force to the elevation caused by the deltoid
muscle. The consequence is contact between the humeral
head and the underside of the acromion, leading to pain
and limited shoulder mability [20]. The purpose of the
subacromial balloon is to counteract the force exerted by
the deltoid by lowering and recentering the humeral head
with  the glenoid. This reduces subacromial
impingement, allows for more physiologic shoulder
mobility, and decreases pain [14, 20, 34, 35, 44], as well
as reducing tension on the rotator cuff tendons,
protecting against the development of cuff arthropathy
[37].
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Figure 1: Effect of the massive rotator cuff tear and of the subacromial balloon [1]

Recent cadaver studies have demonstrated this
descent of the humeral head. Singh et al., were able to
show this effect with various different volumes (10 mL,
25 mL, and 40 mL) and concluded that the subacromial
balloon inflated with 25 mL was the volume that most
closely approximated normal shoulder anatomy and
kinematics in all angles of shoulder abduction, with the
other volumes being insufficient or causing deleterious
effects [34, 35, 36].

In one of these studies, Singh also compared the
effect of the balloon with superior capsule
reconstruction, raising the hypothesis that the humeral
head depression effect of the subacromial balloon would
be superior. He ultimately concluded that both
techniques restore abduction function equally [35, 36].

Functional Results

Since its approval for use in patients in 2010,
several studies have been conducted to assess the
outcomes of the subacromial balloon, most of them with
small sample sizes and highly variable results. More
recently, systematic reviews have emerged, summarizing
the results of various studies, but with varying study
designs, inclusion criteria, and outcome measurements,
indicating a high likelihood of bias.

Stewart et al., [38] and Johns et al., [36]
reported significant improvements in the Constant Score
(from 18.5 to 49.6) and postoperative Oxford Shoulder
Score (from 21.3-26 to 34.39-48.2), respectively, in their
reviews. These improvements were also associated with
significant reductions in pain, improvements in daily
activities, range of motion, and strength [20, 26, 32, 36,
38]. However, both reviews have important limitations
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due to the low quality of evidence from the included
studies, potential conflicts of interest disclosed by the
study authors, heterogeneity in inclusion criteria, and the
association of different surgical procedures with
subacromial balloon implantation in different studies
[20].

The longevity of these results and the benefits
of subacromial balloon use have been reported by
Familiari et al., [30] and by Piekaar et al., in their
retrospective study [25, 45]. Piekaar et al., demonstrated
that three years after subacromial balloon implantation in
39 patients with massive irreparable rotator cuff tears,
the patients maintained similar Oxford Shoulder Scores
and Numeric Pain Rating Scale values as those obtained
one vyear after implantation, with a statistically
significant difference compared to baseline values, even
after balloon degradation [20, 25, 45]. Familiari et al., in
their level 1V retrospective study, also concluded that at
the 3-year follow-up after subacromial balloon
implantation, shoulder function significantly improved,
there was an increase in the acromiohumeral interval, the
revision surgery rate was low, and patients reported high
satisfaction [30]. Previous studies with follow-up periods
of up to 5 years also reported significant and sustained
improvements, although with a small sample size and
some patients lost to follow-up, increasing the risk of
bias [19].

There is also some literature reporting poor
outcomes [27, 39], but these studies often have a high
risk of bias. This can happen because they include
patients without massive irreparable rotator cuff tears in
the same group [27] or because other procedures, such as
partial cuff repair (e.g., infraspinatus), are performed in
conjunction with subacromial balloon implantation [39].

In 2021, a systematic review [41] compared
superior capsule reconstruction with the subacromial
balloon. The results favored superior capsule
reconstruction in parameters such as abduction,
American Shoulder and Elbow Surgeons Score, visual
analog pain scale, Oxford Shoulder Score, and
University of California, Los Angeles Score, while the
subacromial balloon showed more significant
improvements in forward flexion, external rotation, and
the Constant Score [41]. Patient satisfaction was very
similar in both procedures, indicating that both
approaches were satisfactory.

The most current and impactful scientific
evidence on this topic was published in 2022 by Metcalfe
et al., [2]. It was a double-blind randomized clinical trial
involving 117 patients with massive irreparable rotator
cuff tears. Patients included in the study were those who
were symptomatic (experiencing pain and loss of
function) and had failed conservative treatment, and
whose cuff tear was considered technically irreparable.
Exclusion criteria included advanced shoulder
osteoarthritis, subscapularis insufficiency,

pseudoparalysis, neuromuscular diseases, unrelated
shoulder pathology, prior proximal humeral fractures,
among other criteria.

The trial compared the outcomes of treatment
with arthroscopic subacromial debridement and biceps
tenotomy with the same procedures combined with
subacromial balloon implantation. At the 12-month
follow-up, a significant improvement was reported in the
Oxford Shoulder Score (debridement: from 21.7 to 34.3;
debridement with balloon: from 23.1 to 30.3), Constant
Score (debridement: from 33.6 to 63.6; debridement with
balloon: from 29.9 to 47.5), abduction angle
(debridement: from 76.3° to 124.1°; debridement with
balloon: from 63.9° to 87.1°), and abduction strength
(debridement: from 1.9 kg to 3.8 kg; debridement with
balloon: from 1.5 kg to 1.5 kg) in patients treated without
the subacromial balloon.

As the trial had previously defined stopping
rules for futility and efficacy, and the results clearly
showed the superiority of debridement over the balloon
at the 12-month mark, it was concluded that there was no
advantage in using the subacromial balloon in patients
with massive irreparable rotator cuff tears. Therefore, the
use of the balloon in such cases was discouraged [2, 33].

Another randomized clinical trial conducted by
Verma et al., [31], involving 184 patients, aimed to
compare subacromial balloon implantation with partial
rotator cuff repair in patients with massive and
irreparable rotator cuff tears. The results showed a
significant clinical improvement in the American
Shoulder and Elbow Surgeons Score in a similar
percentage in both groups. Additionally, patients who
underwent  subacromial balloon implantation
experienced a more rapid and sustained improvement in
range of motion [31]. In contrast to the previous clinical
trial, Verma et al., [20, 31] concluded that the use of the
balloon is a therapeutic alternative to consider in this
patient population, with the advantage of being a quicker
surgical intervention, an idea supported by other studies
[49].

Complications

Complications described in the literature
following subacromial balloon implantation, as reported
in the systematic review by Johns et al., [36], were
documented in 8 out of the 350 patients included in the
evaluated studies. Four of these complications were
reported in the study by Prat et al., [17], which involved
24 operated shoulders. These complications included:
one patient experienced transient postoperative
paresthesia in the territory of the lateral antebrachial
cutaneous nerve for 6 months; one patient developed a
superficial surgical site infection, which resolved with
oral antibiotics; one patient had a deep surgical site
infection requiring one week of intravenous antibiotics
followed by two weeks of oral antibiotics and subsequent
surgical removal of the balloon; one patient had balloon
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migration at 4 weeks postoperative, necessitating
surgical removal. In addition to the Prat ef al., study, four
patients from other studies included in Johns et al., 's
review experienced balloon migration and required
surgical reintervention. Six patients did not experience
improvement or worsened in their symptoms and
underwent conversion to arthroplasty.

Another systematic review based on studies of
low scientific evidence (7 studies with 200 patients) [29]
reported complications, including three cases of
conversion to arthroplasty, one case of balloon migration
requiring revision surgery, and two patients who did not
experience any clinical improvement. Despite the low
quality of the scientific evidence available on the topic,
all of these reviews and studies are consistent regarding
complications and safety profiles, reporting a low rate of
complications [49].

The study by Metcalfe et al., [2], despite
discouraging the use of the subacromial balloon, did not
demonstrate a significant difference in the complication
rate between isolated debridement and tenotomy versus
debridement and tenotomy combined with the
subacromial balloon. Among the 20 patients with
intervention-related complications, only three were
considered severe, including one in each group with
persistent pain or functional impairment at 12 months
and requiring care, and one patient requiring surgical
reintervention (reverse total shoulder arthroplasty) in the
debridement with device group [2].

Cost-effectiveness

Regarding cost-effectiveness, a study published
by Castagna et al., [42], based on the Italian healthcare
system, estimated costs over a 24-month period and
concluded that, for patients with massive irreparable
rotator cuff tears, the subacromial balloon compared to
other surgical techniques considered (reverse shoulder
arthroplasty, partial cuff repair/debridement) was the
least expensive procedure, more effective, and associated
with an increase in Quality-Adjusted Life Years
(QALYSs). Only conservative treatment was calculated to
be cheaper, with the subacromial balloon considered the
most cost-effective treatment for massive irreparable
rotator cuff tears [42].

However, it's important to note that the study
mentioned has a significant potential for bias due to the
fact that the authors of the study have conflicts of
interest, as they are consultants for OrthoSpace, the
company that owns the InSpace subacromial balloon and
is responsible for its development.

CONCLUSIONS

The available scientific evidence on the use of
the subacromial balloon in massive rotator cuff tears is
inconsistent. Despite numerous systematic reviews
published, most of the studies conducted are of low-level
evidence, mainly corresponding to Level IIl or IV.

According to the majority of these studies, the
subacromial balloon appears to have a role in the
treatment of this condition either alone or in combination
with other procedures. It is not possible to distinguish
from which surgical step the benefit for the patient arises,
and in which patients this benefit is significant, as these
studies often include patients with repairable tears [24],
for example.

Cadaveric ~ studies have  demonstrated
biomechanical advantages and improvements in
shoulder function after device implantation. However,
clinical results do not consistently show such good
outcomes, particularly after the publication of the
multicenter, randomized, double-blind trial by Metcalfe
et al., [2], which states that debridement and tenotomy
are superior to the same surgical steps when combined
with the device. Verma et al., [31] refute this conclusion,
and despite being a randomized clinical trial, the trial's
design and the comparison of tears that end up being
reparable with irreparable tears may introduce some bias
into the results.

From a financial perspective, the fact that it is a
quick and relatively simple procedure, cheaper than other
surgical options for this condition, with a low rate of
complications and cost-effective in terms of improving
Quality-Adjusted Life Years (QALYs), makes it a
procedure still worth considering and possibly beneficial
in selected cases [48].

In light of the current evidence, more studies of
Level | or Il (controlled randomized clinical trials or
comparative studies) are needed, including cost-
effectiveness analyses, to clearly define the role and
which patients truly benefit from subacromial balloon
implantation alone compared to other surgical
procedures. To date, the best evidence does not
recommend its use and even suggests it may be
detrimental.
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