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Abstract: The treatment of massive irreparable rotator cuff tears remains difficult. Various techniques have
been described to effectively treat this condition. The subacromial interpositional balloon spacer is one of
the latest techniques designed to address this challenging problem. The device works by helping to reverse
proximal humeral migration and providing a counterbalance to an unopposed superiorly directed force
vector of the deltoid muscle. Released in 2010, it has seen early success in Europe with published literature
demonstrating good outcomes, cost-effectiveness, low complications, and ease of use. In addition, the surgery
does not prevent patients from any future surgeries should the condition of the shoulder worsen over time.
This allows the subacromial spacer to give patients satisfactory outcomes even if only to serve as a bridge to
an eventual reverse shoulder arthroplasty. The device is being evaluated for use in the United States in an

ongoing FDA trial.
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Introduction

Massive irreparable rotator cuff tears remain a challenge
in orthopaedic shoulder surgery. The optimal treatment
method for addressing such case presentations is still
unknown even with expanding surgical techniques and
technologies. For many years, surgeons only had the
option of treating patients with partial rotator cuff repair
and debridement. Results varied but could be less than
successful (1-3). In recent years, techniques such as
superior capsular reconstruction, posterosuperior tendon
transfers (e.g., latissimus dorsi or lower trapezius), and
reverse shoulder arthroplasty have provided patients
with more options. However, these options continue to
remain limited by their complexity of surgical technique,
durability of outcomes, and appropriate patient criteria.
The interpositional subacromial balloon spacer (InSpace
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balloon, Orthospace, Caesarea, Israel) was developed
in 2010 for patients with irreparable posterosuperior
rotator cuff tears and has demonstrated significant success
throughout its utilization in Europe. The device recently
underwent an FDA Investigational Device Exemption trial
in the United States.

Proximal humeral migration in the setting of cuff
deficiency

In addition to providing functional movement of the
glenohumeral joint in various planes, the rotator cuff serves
an important role in providing counterforce to the deltoid
muscle for proper elevation of the arm. As the deltoid
muscle contracts, it provides a superior vector force on
the humerus. Without a counterforce at the glenohumeral
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Figure 1 AP radiograph demonstrating proximal humeral

migration.

joint, this superiorly directed vector creates a sheer effect
of the humeral head against the glenoid face. As dynamic
stabilizers, the tendons of the rotator cuff work in a
concerted effort to compress the humeral head against
the face of the glenoid during deltoid contraction which
creates a fulcrum at the glenohumeral joint. This allows
the contraction of the deltoid to raise the humerus around
the center of rotation about the glenohumeral interface. In
the setting of a massive posterosuperior rotator cuff tear,
this compressive force is lost and the head of the humerus
can begin to migrate proximally as the unrivaled force of
the deltoid pulls superiorly. Over time, this can manifest
as proximal humeral migration as seen on radiographic
imaging (Figure 1). Eventually, the proximal migration
of the humerus is halted as the humeral head abuts the
undersurface of the overlying acromion. Repetitive contact
between these two bones can result in the acetabularization
pattern of wear seen in the most extreme forms of cuff tear
arthropathy.

Indications for use

Patients who demonstrate proximal humeral migration
in the setting of an irreparable rotator cuff tears are the
primary indicated population for the subacromial balloon
spacer. The primary purpose of the subacromial balloon
is to help restore the missing counterforce to the deltoid
and recreate the proper biomechanics of a cuff-deficient
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shoulder. In certain instances, patients who demonstrate
proximal humeral migration can still have a rotator cuff tear
that is repairable. All patients should be evaluated for such
repairability in the preoperative and intraoperative setting.
Advanced imaging such as MRI, ultrasound, or a CT
arthrogram can often give clues toward cuff tendon length,
retraction, and muscle atrophy that may indicate whether a
repair is possible. Intraoperatively, the quality and mobility
of the tendon tissue can be assessed. If adequate excursion
of the tendon is achievable and it appears amenable to
repair, a primary repair is always recommended. In those
patients where a repair is unlikely, the subacromial spacer
balloon is a viable option.

There are, however, elements of rotator cuff function
that must be intact in order for the balloon to be most
effective. A functional subscapularis and teres minor
tendon are essential for the use of the subacromial balloon.
These two tendons are responsible for restoring the force
couple of internal and external rotation of the humeral
head against the glenoid and must be repaired if they are
torn prior to insertion of the balloon. If these tendons
remain torn, a patient is unlikely to achieve partial or
full benefit of the balloon as the missing rotational force
couple will inhibit the ability to actively rotate and even
perform forward elevation. Additionally, patients indicated
for the procedure must have a functional deltoid muscle
as this will be the primary elevator of the arm like it is
in the setting of a reverse shoulder arthroplasty. Patients
with active forward elevation to at least 90 degrees are
best indicated as those with true pseudoparalysis of the
arm are likely beyond the limits the subacromial balloon’s
capabilities. This criterion is critical when considering
patients for subacromial balloon spacer placement.
Patients and surgeons alike must realize that the balloon is
not a universal solution to those with deltoid dysfunction
or true pseudoparalysis and careful patient selection is
critical to a successful outcome.

There are two other major contraindications to the use
of the subacromial balloon spacer in addition to deltoid
dysfunction and true pseudoparalysis. Patients with
advanced glenohumeral arthritis are not recommended to
undergo balloon placement as they will likely continue to
have residual pain from their arthritic joint surface or even
limited motion secondary to osteophyte formation. Lastly,
the balloon, like any orthopaedic device, should not be
implanted in the setting of an active infection. This could
lead to the formation of a biofilm on the device and results
in propagating a septic joint.
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Figure 2 Lateral arthroscopic view of deficient posterosuperior

rotator cuff tear.

Surgical technique

After general endotracheal anesthesia is administered, the
patient is seated upright in the beach chair position with
all areas of bony prominences and possible sites of nerve
compression well-padded and offloaded. The beach chair
position is preferred over lateral decubitus as it allows for
gravitational distraction of the humeral head. This is more
consistent with the i vivo position of the humerus seen on
standing plain radiographs and allows for a more accurate
assessment of the acromiohumeral interval distance. This
is important for correct selection of the appropriately sized
balloon as there are currently three available sizes for the
subacromial balloon (InSpace, OrthoSpace, Caesarea,
Israel): small (40 mm x50 mm), medium (50 mm x60 mm),
and large (60 mm x70 mm).

A standard posterosuperior arthroscopic portal is created
for initial diagnostic arthroscopy of the intraarticular joint
space. The articular surfaces of the glenoid and humeral
head are carefully assessed for any cartilage damage. Patients
with moderate to severe arthritic surfaces may continue to
have pain and dysfunction even after balloon placement and
it is important to ensure that no such findings are present.
The undersurface of the posterosuperior rotator cuff can
also be examined. In order to have a properly balanced
force couple, the subscapularis must be intact or repairable.
This can be performed at this time prior to subacromial
positioning of the balloon. A standard anterior portal can be
created in the rotator interval just above the superior border
of the subscapularis for instrumentation. Once the integrity
of the subscapularis is confirmed, the surgeon can perform
a labral debridement and biceps tenotomy/tenodesis if it is
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deemed appropriate.

Attention is then turned to the subacromial space to
begin preparation of balloon insertion. The arthroscope is
introduced into the subacromial space through the initial
posterior portal. A spinal needle is used to determine the
placement of a lateral portal in line with the posterior
border of the clavicle. Prior to creating the lateral portal
with the scalpel, it is important to ensure that the spinal
needle rests parallel with the floor and is not impeded by the
acromion or humeral head. This will help decrease the risk
of these structures obstructing any instrumentation used
through the portal. A combination of an arthroscopic shaver
and electrocautery can be used through the lateral portal to
perform a bursectomy so that visualization of the humeral
head and rotator cuff is achieved. However, a bursectomy is
kept to a minimum. Extensive bursectomy is avoided as it
can lead to increased dead space which can result in balloon
migration into the supraspinatus or infraspinatus fossa
(Figure 2). Prior to the decision for balloon placement, the
superior and posterior cuff should be assessed and mobilized
as best as possible for repair. Restoration of anatomy should
always take precedence over placement of the balloon and
repair of the cuff should be performed whenever possible. If
only a partial repair of the posterior rotator cuff is possible,
then this should be performed to assist in restoring the force
couple similar to the repair of the subscapularis anteriorly.

With all fixable portions of the rotator cuff tear repaired,
area for balloon placement is measured. A graduated probe
is used to measure the deficient cuff space in both the
sagittal and coronal planes. Measurements from anterior to
posterior are taken from the subscapularis to the posterior
intact cuff. The medial to lateral distance is measured
from the edge of the glenoid rim to the greater tuberosity
footprint. These measurements are then used to choose
from the three available balloon sizes to determine the best
fit. Placement of the balloon can be performed through
either the posterior or lateral portal based on surgeon
preference. The authors have found posterior placement to
offer better visualization and theoretically less likelihood of
balloon migration. Therefore, the arthroscope is placed into
the lateral portal.

Once the proper balloon size is selected, it is prepared
on the back table. A 60-cc syringe is filled with sterile saline
warmed to roughly 40 degrees Celsius and connected to
the extension tubing of the insertional device (Figure 3).
All air bubbles are carefully removed from the syringe and
tubing. The insertion device is placed into the posterior
portal with positioning over the glenoid rim. The protective
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Figure 3 Subacromial balloon insertional device.

Figure 4 Arthroscopic view of balloon place into position via

posterior portal.

sheath around the balloon is withdrawn from the uninflated
balloon by pulling back on the green handle of the inserter
(Figure 4). The syringe is then used to fill the saline into
the balloon as it is visualized in the subacromial space.
The translucent balloon allows its proper placement to
be maintained as the humeral head, acromion, and intact
portions of the cuff are seen arthroscopically. The balloon
is initially filled with 40 cc of saline to fully expand it. Once

expanded, any excess fluid is removed to the recommended

© Annals of Joint. All rights reserved.

20j.amegroups.com

Annals of Joint, 2018

Figure 5 View of subacromial space through the translucent

inflated balloon.

amount necessary for each of the three balloon sizes. The
balloon is then sealed and detached from the inserter using
the proper buttons on the device.

With the balloon now inflated, the arm is taken through
a range of motion (ROM) to ensure no migration of the
balloon (Figure 5). If there is subluxation of the balloon,
it may be pierced with a spinal needle and removed for
replacement. Once the balloon is confirmed stable, the
arthroscope is removed from the shoulder and the portal
incisions are closed with simple interrupted non-absorbable
monofilament suture. Sterile dressings are applied and
the arm is placed into a standard sling. Rehabilitation
consists of three 4-week block phases. For the first 4 weeks,
the patient wears a sling for comfort and remains non-
weightbearing with the operative arm. The arm is allowed
to be used for light activities of daily living (i.e., feeding,
dressing, writing). Formal physical therapy is begun the
following 4 weeks with a focus on phase 1 and 2 stretching
with early strengthening. The following 4 weeks consists of
full strengthening with the development of a home exercise
program. After a total of 12 weeks, all restrictions are lifted.

European outcomes

Although the results of the recently completed FDA
investigational trial have yet to be revealed, much of what
has been published on the use of the subacromial balloon
spacer comes from the European experience where the
device has been used for nearly a decade. Over 10,000 cases
have been performed in Europe using the InSpace balloon.
The first reported outcomes were published by Senekovic
et al. in 2013 looking at a cohort of twenty patients with
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minimum of 3 years of follow up (4). Within 1 week of
surgery, patients demonstrated significant pain relief (4).
The authors found that patients gained a rapid improvement
in Constant scores as well as their ROM as early as 6 weeks
following surgery (4). The improvement in Constant scores
continued for up to 3 years with average scores increasing
from 33.4 preoperatively to 65.4 at the most recent follow-
up visit (4). The authors followed up with these patients at
5 years and found that patients continued to demonstrate
satisfactory outcomes. The majority of the patients
maintained a considerable improvement of their Constant
scores (85% with minimum 15-point improvement; 62%
with minimum 25-point improvement) and ROM (75%) (5).
In addition, 95% of the patients showed complete
degradation of the device at 3 years out from surgery (5).

Another series looked at 37 patients with at least 1 year of
follow-up (mean, 33 months) with a similar demonstration
of Constant score and ROM improvement (6).
Average Constant scores improved from 44.8 to 76.0
and ROM improved in multiple planes including
forward elevation (30-degree improvement), abduction
(60-degree improvement), and external rotation (15-degree
improvement) (6). The authors also found that the majority
of patients (32/37) remained stable with the degree of
arthritis in their glenohumeral joint (6). Piekaar ez a/. of the
Netherlands also examined 1-year outcomes in 46 shoulders
of 44 patients with improvements demonstrated (7).
Patients improved significantly for both Constant scores
(mean increase of 21.58 points) and Oxford shoulder scores
(mean increase of 10.46 points) (7). The majority of patients
(80%) reported satisfaction with their outcomes at 1 year
out from surgery (7). A smaller series out of the UK looked
at 14 patients for a mean of 1.5 years out from surgery and
also found significant improvements in Constant scores
and all ROM planes (8). Even Oxford shoulder scores were
found to improve with an average score of 26 preoperatively
increasing to 48.2 postoperatively at the latest follow up
visit (8). None of the patients in this study experienced
night pain following surgery and they demonstrated an
average 40% increase in activities of daily living (8). Most
impressive is that most of the patients (12/14) in this
study had active forward elevation below 90 degrees in the
preoperative setting with only one patient unable to achieve
that ROM goal following surgery (8).

More recent studies have begun to look beyond a cohort
of patients undergoing implantation of the balloon device
and have started to compare groups. In Israel, Maman
et al. compared 42 patients who underwent spacer placement
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with half undergoing biceps tenotomy and half without
tenotomy (9). All patients demonstrated improved Constant
scores with no significant difference noted between those with
and without a concurrent biceps tenotomy performed (9).
In Germany, Holschen er /. compared 23 patients
who underwent balloon placement to 23 patients who
underwent debridement and partial rotator cuff repair (10).
Preoperative ASES and Constant scores were lower for the
balloon spacer group as were the subsequent postoperative
scores, but the patients who underwent spacer placement
had a higher absolute improvement of both scores
compared to the more conventionally treated patients (10).
Both groups reported pain improvement and were overall
satisfied with their outcomes (10).

Taking this notion that the use of the subacromial spacer
can result in similar improvement to more conventional
methods, Castagna er a/. looked at the use of the spacer
in the setting of cost-effectiveness. They compared the
subacromial spacer to conservative treatment, rotator cuff
repair, and reverse shoulder arthroplasty (11). The authors
found that the use of the subacromial spacer was favorable
over cuff repair and arthroplasty with a cheaper cost and
increased effectiveness when accounting for quality-
adjusted life years (11). And while conservative treatment
was certainly the least costly option, the subacromial spacer
resulted in a greater improvement in quality-adjusted life
years per cost in what the authors deemed the incremental
cost-effectiveness ratio (11). Collectively, these studies
present the use of the subacromial spacer as an effective and
promising alternative to treating patients with irreparable
cuff tears.

Only one recently published study has demonstrated
less than satisfactory outcomes with the use of the device.
Ruiz Ibdn et al. from Spain followed 15 patients for 2 years
after placement of the subacromial spacer and evaluated
the patients using the Constant score, Simple Shoulder
Test, and QuickDash questionnaire (12). One-third of
the patients required conversion to a reverse shoulder
arthroplasty with only 60% of the remaining patients
experiencing an improvement in Constant scores greater
than 10 points (12). The authors concluded that only
40% of patients in the study seemed to clearly benefit
from the use of the subacromial spacer (12). Two of the
five patients that required conversion to a reverse total
shoulder arthroplasty were pseudoparalytic at preoperative
presentation (12).

Combining all of these studies, the most impressive
finding is the reported safety and ease of the surgical
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technique. There has only been two device-related
complication reported in the aforementioned studies (4-12).
That complication, in both instances, was migration of
the implant (4,8). Only in the study by Senekovic ez al.
was action required with removal and replacement (4). Of
the studies that examined operative time, placement of
the device required only 2 to 30 minutes with two studies
claiming an average of 10 minutes. These studies also
demonstrated that as the learning curve improves, the
required operative time becomes less (4-6).

Conclusions

The subacromial interpositional balloon spacer has great
potential in the treatment of the difficult condition known
as an irreparable rotator cuff tear. Serving to restore the
humeral head in its native position and reverse proximal
humeral migration, the device works by counteracting the
unopposed pull of the deltoid muscle that is seen in cuff tear
arthropathy. Since its release in Europe in 2010, the device
has had very promising results. It has been demonstrated to
improve outcome scores, reduce pain, and increase shoulder
ROM while remaining relatively devoid of complications
and significant costs. Experience in a recent FDA trial in
the United States has been met with similar encouraging
findings. The subacromial spacer is relatively safe and easy
to use and has not been found to prevent any potential
future surgeries should it fail to provide adequate outcomes.
When indications are appropriately followed and patients
are properly selected, the subacromial balloon spacer
offers surgeons a very powerful tool in helping to treat the
irreparable rotator cuff tear.
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