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Introduction

Rotator cuff tears are among the most common injuries in 
orthopaedic patients presenting for evaluation of shoulder 
pain, motion loss, and disability following injury (1-4). 
Rotator cuff tears range in severity from partial-thickness 
to massive tears, with massive tears (≥5 cm or involving 
two or more tendons) constituting 10–40% of all clinically 
diagnosed tears (5-7). Furthermore, 6.5% to 30% of rotator 
cuff tears are characterized as irreparable. Irreparable tears 
are defined as tears in which direct repair back to the native 
footprint is not feasible even with soft tissue mobilization 
and release, or tears deemed certain to retear despite repair 
(2,6,8,9). Additional indicators of irreparable tears include 
static superior migration of the humeral head, a narrowed 
or absent acromiohumeral interval (AHI), and fatty 
infiltration affecting greater than 50% of the rotator cuff 
musculature (5). Despite the success of operative treatment 
for partial-thickness, small, and medium sized tears (10,11), 

the effective surgical management of painful, massive, and 
irreparable rotator cuff tears in patients without significant 
glenohumeral arthritis remains challenging (4,12).

Various surgical options have been described for the 
treatment of patients with massive, irreparable rotator 
cuff tears (Figure 1A,B). These include subacromial 
decompression, bursectomy, biceps tenotomy or tenodesis, 
partial tendon repairs, synthetic graft interposition, superior 
capsular reconstruction, tendon transfers, and reverse 
total shoulder arthroplasty (RTSA) (6,13-18). However, no 
universally accepted treatment algorithm exists to effectively 
guide management for massive, irreparable tears. Savarese 
and Romeo (12) introduced the biodegradable subacromial 
balloon spacer (InSpace system; OrthoSpace, Caesarea, 
Israel) as a novel treatment option for patients with massive, 
irreparable rotator cuff tears. The balloon spacer can 
be used as a bridging option for future procedures such 
as superior capsular reconstruction, tendon transfer, or 
shoulder arthroplasty in younger, active patients, or as a 
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definitive procedure in patients medically unfit for extended 
surgical procedures (12,19-21). The purpose of this 
review is to provide a concise overview of balloon spacer 
function, clinical outcomes and associated complications, 
and limitations for use in patients with massive, irreparable 
rotator cuff tears.

Function

The OrthoSpace InSpaceTM implant is a biodegradable 
balloon-spacer made of a copolymer Poly (L-lactide-co-ε-
caprolactone) (19). Spacer insertion into the subacromial 
space (SAS) is typically performed arthroscopically  
(Figure 2A,B,C,D) (9,12,19-28); however, the spacer may 
also be deployed under fluoroscopic guidance using local 
anesthesia (2,29). Biomechanical and cadaveric studies have 
shown that the balloon spacer functions in cuff-deficient 
shoulders to restore native biomechanics by depressing 
the humeral head into a more centralized position on 
the glenoid (30-32). By restoring the coupling forces of 
the subscapularis and teres minor, and improving muscle 
contraction capacity with elongation of the deltoid, the 
spacer allows for improved abduction and pain relief 
by increasing shoulder range of motion (ROM) before 
impingement (9,19,23,24). In their biomechanical study 
of 14 cadaveric shoulders (mean age of death, 67.9 years), 
Lobao et al. (30) found that the subacromial balloon spacer 

significantly depressed the humeral head at 0°, 30° and 60° 
of abduction compared to the irreparable, cuff-deficient 
state. Furthermore, the spacer significantly increased the 
deltoid load at 0°, 30° and 60° of abduction, while restoring 
glenohumeral contact pressures close to that of an intact 
rotator cuff state. Other research has investigated the 
effect of varying levels of balloon insufflation, referring 
to the amount of saline that is used to fill the balloon 
once it is introduced into the SAS. Singh et al. (31) found 
that balloon insufflation to 25 mL was the most effective 
volume in depressing the humeral head and restoring native 
glenohumeral joint position compared to volumes of 10 and 
40 mL in eight cadaveric shoulders. Specifically, insufflation 
with 10 mL of saline was ineffective in depressing the 
humeral head compared to the intact state. In contrast, 
insufflation with 40 mL of saline was effective in depressing 
the humeral head; however, it also significantly translated 
the humeral head anteroinferiorly relative to the intact 
state.

Balloon implantation has also been suggested to reduce 
the friction forces between the acromion and the humeral 
head, redistributing forces at the subacromial level (33), 
and facilitating smooth gliding of the humeral head under 
the acromion (2,12,29). This benefit has been examined 
in the context of balloon spacer implantation following 
partial rotator cuff repair. Using six fresh-frozen cadavers 
with balloon spacer implantation following supraspinatus 

Figure 1 Arthroscopic view of a massive rotator cuff tear viewed through a lateral portal of a right shoulder. (A) Arthroscopic view of 
rotator cuff and SAS through lateral portal following subacromial debridement and bursectomy demonstrating full thickness tearing of the 
rotator cuff (white asterisk) off the native footprint (red asterisk) with tendon retraction; (B) arthroscopic view showing inability to bring 
torn rotator cuff tendon to native footprint on the greater tuberosity using an arthroscopic grasper due to tendon retraction, indicative of an 
irreparable rotator cuff tear. SAS, subacromial space.
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repair, Chevalier et al. (33) reported that the balloon 
spacer significantly reduced both mean and peak pressures 
during shoulder abduction and adduction as measured 
by a subacromial compression sensor. It is hypothesized 
that by allowing for a wider load distribution in the SAS 
and normalizing focal pressures over the repair tissue, the 
balloon may effectively protect against retears by reducing 
wear over the repaired tissue (26). In addition, the reduction 
in pressure may in principle allow for improved motion 
postoperatively, allowing for more effective and successful 
rehabilitation (33).

Following implantation, the balloon spacer is estimated 
to remain inflated for approximately 6–12 months, after 
which time the spacer proceeds to degrade (12,23,25). 
This time frame allows patients to complete rehabilitation 

protocols for any arthroscopic procedure performed on the 
rotator cuff (12,23). Sustained results beyond 12 months 
despite balloon degradation are attributed to more effective 
strengthening during the rehabilitation period secondary to 
effective restoration of muscle balance and patterning from 
recentering of the humeral head (25,26).

Clinical

The balloon spacer has been utilized in a variety of 
capacities within the spectrum of surgical options for 
massive, irreparable rotator cuff tears. Most commonly, 
these other treatment options for massive, irreparable 
rotator cuff tears include partial repairs with or without 
patch augmentation, superior capsular reconstruction, 

Figure 2 Arthroscopic view demonstrating the introduction and inflation of the subacromial balloon into a right shoulder. (A) Arthroscopic 
view of the subacromial spacer through posterior portal demonstrating proper balloon spacer protective sheath (red asterisk) placement over 
the rotator cuff tendon stump (white asterisk) using an arthroscopic probe; (B) arthroscopic view showing delivery of subacromial balloon 
spacer; (C,D) inflation of subacromial balloon spacer within the SAS. SAS, subacromial space.
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or RTSA. The balloon spacer may serve as a bridging 
option for any of the above-mentioned procedures, or as 
a definitive treatment in patients with significant medical 
comorbidities that preclude other surgical options. As both 
the quality and duration of clinical outcomes data continues 
to improve, the role of the balloon spacer within this 
treatment algorithm will become better defined.

Overall, clinical studies are limited to small and short-
term prospective trials; however, outcomes following 
spacer implantation are promising, including immediate 
postoperative improvements in various pain scores and 
validated functional outcomes that are often maintained 
or further improved at subsequent follow up timepoints 
ranging from 2 to 5 years. Additional details of individual 
outcomes studies are summarized in Table 1. Clinical 
outcomes evaluating the subacromial balloon spacer 

were first reported in the prospective, non-randomized 
investigation by Senekovic et al. (22) in 20 consecutive 
patients with massive, irreparable rotator cuff tears. The 
authors reported a significant increase in mean Constant 
score (CS) by 6 weeks postoperatively when compared 
to preoperative scores (P=0.010), and a mean overall 
improvement in CS of 31.5 points (P<0.0001) at 3-year 
final follow up. Outcome longevity was demonstrated 
by the same authors in their subsequent study of 24 
patients with 5-year follow up data (23). CSs were again 
significantly improved at final follow up when compared 
to preoperative values (P<0.0001), while 84.6% of patients 
reaching the 5-year time point achieved a clinically 
significant improvement of at least 15 points in CS, with 
61.5% improving at least 25 points. However, a total of 9 
patients withdrew, died, or were lost to follow-up including 

Table 1 Overview of studies investigating subacromial balloon spacer arthroplasty (InSpaceTM)

Study
Mean pt. 
age (y)

Shoulders (n)
Mean final 

follow-up (m)
Outcomes/conclusions

Deranlot et al. (21) 69.8 39 (n=37 pts.) 32.8 Significant improvements in all CS subscales. Improved ROM 
and acromiohumeral distance at 3 years

Gervasi et al. (29) 74.6 15 24 Clinically significant improvement in ASES and CS at 6-week 
that was maintained at 24 months

Malahias et al. (26) 65.2 31 22.1 Significant improvements in all clinical and functional scores; 
80.6% fully or almost fully satisfied with outcome; 83.9% free 
of pain at last follow-up

Piekaar et al. (27) 65 39 (n=38 pts.) 34 Significant improvements in pain (NRS) and function (OSS) 
achieved at 3 months and further improved at 3 years

Prat et al. (9) 70.7 24 (n=22 pts.) 14.4 Significant improvements in UCLA pain subscale; however, 
no significant improvements in function, ROM, or strength 
subscales

Ricci et al. (28) 65.7 30 24 Significant improvements in CS, ROM, ADL, VAS, and SAS that 
was achieved at 3 months and maintained/improved at 2 years

Ruiz Ibán et al. (24) 69.4 15 24 5 patients converted to RTSA. Of the remaining ten, 6 patients 
had clinically relevant improvements in CS, 3 in QuickDASH, 
and 4 in SST

Senekovic et al. (22) 70.5 20 34.7 Improvements in CS (33.4–65.4) and subjective pain (6.4) that 
were sustained at 3 years

Senekovic et al. (23) 68.8 24 60 Of subjects reaching 5-year, 84.6% had a clinically significant 
improvement (≥15 points) in CS

Yallapragada et al. (19) 76.2 14 12.6 Significant improvements in ROM, CS (22.5–51.4), OSS, ADLs, 
and frequency of night pain

y, years; m, months; CS, Constant score; ROM, range of motion; ASES, American Shoulder and Elbow Surgeons score; NRS, numeric 
rating scale for pain; OSS, Oxford shoulder score; UCLA, University of California Los Angeles score; ADL, activities of daily living; VAS, 
visual analog scale for pain; SAS, subacromial space; RTSA, reverse total shoulder arthroplasty; DASH, disabilities of the arm, shoulder, 
and hand score; SST, simple shoulder test.
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1 patient that converted to RTSA at 4 years postoperatively. 
Ricci et al. (28) also reported significant improvements in 30 
patients based on CS evaluations at 6 months (P=0.0002), 
12 months (P<0.0001) and 24 months (P<0.0001) following 
spacer implantation. Meanwhile, ROM and activities of 
daily living (ADL) were also found to significantly improve 
with a concurrent reduction in pain based visual analog scale 
(VAS) at 12 and 24 months. Radiographically, the mean 
AHI was significantly increased from baseline measurements 
at 3 months (P<0.0001), 6 months (P=0.0004), 12 months 
(P=0.00067) and 24 months (P=0.0007) time points.

Positive outcomes were further reported in a retrospective 
review of 37 patients (n=39 shoulder) undergoing spacer 
placement by Deranlot et al. (21), including a significant 
increase in mean adjusted CS (P<0.001) at a mean follow 
up of 32.8 months. Additional improvements beyond 
12 months post-implantation were also noted, with 
significant improvement in mean adjusted CS at final 
follow up when compared to scores at 12 months (P=0.02). 
Mean shoulder ROM was also significantly improved in 
forward flexion (P=0.02), abduction (P=0.01) and external 
rotation (P=0.0001). On radiographic follow up, there was 
limited progression. The Hamada score advanced a single 
radiographic stage in 4 patients and 3 stages in 1 patient. 
The remaining shoulders available for follow up did not 
demonstrate any further increase in Hamada grade. However, 
the mean AHI was found to decrease from 8.2 mm prior to 
surgery to 6.2 mm at final follow up (P=0.002). A prospective 
study of 14 patients by Yallapragada et al. (19) also found that 
at a mean follow up of 12.6 months, patients experienced a 
significant improvement in forward elevation, abduction, and 
external rotation. Mean CS was also found to significantly 
increase at final follow up (P<0.001), with no patients 
reporting nocturnal pain following surgery.

When compared to conventional arthroscopic techniques  
alone, concomitant use of the balloon spacer has demonstrated 
equivocal outcomes in patients with massive, irreparable 
rotator cuff tears. Holschen et al. (25) compared the clinical 
results of patients managed with traditional arthroscopic 
techniques (subacromial debridement, synovectomy, 
bursectomy,  biceps tenodesis/tenotomy ± part ia l 
reconstruction; n=11 patients) to patients undergoing 
debridement ± partial repair with implantation of a balloon 
spacer (n=12 patients). Patients receiving the balloon 
spacer had greater absolute improvements in American 
Shoulder and Elbow Surgeon (ASES) scores (P<0.001) and 
CSs (P<0.001) at a mean follow of 22.3 months compared 
to patients without spacer implantation at a mean of  

30.6 months. However, the authors largely attributed these 
findings to lower preoperative shoulder function scores 
and shorter follow up for patients in the balloon spacer 
group, making direct comparisons difficult between the two 
groups.

Meanwhile, Piekaar et al. (27) examined results from 38 
patients (n=39 shoulders) undergoing spacer placement. The 
majority of patients (n=23) underwent balloon implantation 
without any additional intervention. Concurrent biceps 
tenotomy was performed in 44% (n=17) of shoulders and 
partial repair was performed in 21% (n=8). When correcting 
for concurrent biceps tenotomy and/or partial repair with 
balloon implantation, no significant difference in subjective 
pain or Oxford shoulder score (OSS) were reported, as any 
additional intervention produced comparable outcomes 
compared to isolated balloon spacer implantation. Malahias 
et al. (26) compared a cohort of 31 patients treated with 
balloon spacer placement with non-anatomic cuff repair and 
biceps tenotomy (n=18 patients) versus patients undergoing 
spacer placement and biceps tenotomy without repair 
(n=13 patients). No significant differences were appreciated 
between baseline demographics or clinical characteristics 
between the two groups. The authors reported a non-
significant difference in VAS, ASES, CS and ROM values 
between groups, concluding that partial repair with spacer 
placement was not superior to spacer placement alone.

Outcomes of spacer implantation have also been 
reported using fluoroscopy and local anesthetic. Gervasi 
et al. (29) reported on a series of 15 patients with 100% 
of patients demonstrating improvement in total CS and 
ASES beginning at 6 weeks postoperatively, with positive 
results sustained at 12 months of follow up. Moreover, 
85% of patients had a clinically significant improvement 
of at least 15 points in CS at final follow up. These results 
demonstrate that similar benefits can be achieved in 
elderly and medically complicated patients with multiple 
comorbidities at high risk for complications during surgery 
and general anesthesia.

However, the clinical benefits associated with spacer 
utilization have been questioned in other investigations. 
Prat et al. (9) evaluated 22 patients (n=24 shoulders) treated 
with a subacromial balloon spacer with a mean study follow 
up of 14.4 months. While University of California Los 
Angeles (UCLA) score significantly increased (P=0.001) 
at final follow up, no significant differences in ROM were 
appreciated when compared to preoperative measurements. 
Moreover, no improvements in proximal migration of 
the humeral head were appreciated in any patients on 
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postoperative radiographs, leading the authors to caution 
spacer use in patients with irreparable rotator cuff tears. 
Meanwhile, Ruiz Ibán et al. (24) followed 15 consecutive 
patients over a 24-month study period in which only 
40% (n=6 patients) reported a successful outcome based 
on a minimally clinically important difference in the CS 
and the absence of surgical reinterventions. Thirty-three 
percent (n=5) of patients underwent RTSA at a median of 
9.8 months following spacer implantation due to absence 
of clinical improvement or worsening of symptoms. The 
authors concluded that use of the balloon spacer device was 
not indicated for patients with massive irreparable rotator 
cuff tears, advocating for further study to better define the 
indications for subacromial balloon spacer use.

Complications/limitations

The complication rate related to subacromial spacer 
balloon arthroplasty has been reported to be between 
3% to 16.7% of patients (9,21-24,29,30,34). A list of 
reported complications in the literature are included in 
Table 2. Most commonly, complications included spacer 
migration; however, this did not uniformly require 
additional interventions (19) such as spacer removal and/
or replacement (9,21). Malahias et al. (26) reported that 
two patients (6.5%) required balloon revision surgeries 
postoperatively; however, no additional details regarding 
complications or revision surgeries were provided. Holschen 
et al. (25) reported on a single patient with increased pain 
in the shoulder 12 months following surgery with magnetic 
resonance imaging showing a deflated balloon spacer, 
which had transformed into scar tissue. Other reported 
complications attributed to balloon spacer implantation 
include transient neural damage with forearm dysesthesia (9), 
two cases of superficial wound infection (9,27), and a single 
case of late deep wound infection requiring balloon removal 
2 months following implantation (9). In patients with 
unsatisfactory outcomes following balloon implantation, 
RTSA is generally performed, with a reported conversion 
rate ranging between 5% to 33% (22-24,29).

Caution must be exercised to avoid overstuffing the SAS. 
Applying excess pressure over a partially repaired tendon or 
potentially depressing the humeral head too far inferiorly 
may negate the benefits of the spacer (35). Moreover, the 
possibility of early mechanical failure with spacer rupture 
and reabsorption prior to 12 months has been reported. 
Ruiz Ibán et al. (24) found that in their five cases of patients 

requiring conversion to RTSA, no residual evidence of the 
spacer was appreciated in any patient, despite two patients 
undergoing conversion to RTSA at 6 months and one 
patient at 7 months. While not currently reported in the 
literature, the presence of infection should be considered in 
the setting of early balloon reabsorption or failure.

In order to minimize complications during subacromial 
balloon spacer implantation, proper patient selection is 
critical (Table 3). Ideal patients include those with massive 
and irreparable rotator cuff tears with an intact or reparable 
subscapularis and restricted ROM secondary to pain (26). 
Spacer placement is not recommended in patients with 
irreparable subscapularis tears (26,27), as higher spacer 
inflation volumes (25 and 40 mL) have been shown to 

Table 3 Overview of indication and contraindication to subacromial 
balloon spacer use

Indications

Massive, irreparable or partially reparable rotator cuff tears (5-7)

Intact or reparable subscapularis tears

Medical comorbidities limiting arthroplasty or extended 
surgical intervention

Contraindications

Irreparable subscapularis tears

Allergy to implant material

Active or latent shoulder infection

Subacromial tissue necrosis

Significant OA (Hamada ≥ grade 3) with preserved shoulder 
motion

OA, osteoarthritis.

Table 2 Overview of complications following subacromial balloon 
spacer use

Complications

Additional surgery for revision or removal

Balloon spacer migration

Superficial or deep infection

Persistent pain requiring additional or revision surgery

Balloon deflation

Scar tissue formation

Nerve injury, dysesthesias
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result in anterior spacer translation in the presence of 
subscapularis insufficiency (32). Other contraindications 
to spacer use include patients with a known allergy to the 
device material (polylactide and/or ε-caprolactone), those 
with an active or latent infection within the shoulder, or 
patients with signs of tissue necrosis within the subacromial 
area (12). Variable definitions of pseudoparalysis exist 
in the setting of irreparable, massive rotator cuff tears 
including active shoulder elevation of less than 90° (36), 
active elevation less than 45° (37), or no active elevation 
with maintained or restricted passive elevation (38-40). 
Overall, the balloon spacer has been shown to produce 
inferior results in the pseudoparalytic shoulder. Holschen 
et al. (25) found that use of the balloon spacer in two 
patients with painless pseudoparalytic shoulders resulted in 
continued poor function with minimal clinical or functional 
improvement. Malahias et al. (26) excluded balloon 
implantation in patients with pseudoparalysis. However, 
in both studies, pseudoparalysis was mentioned but not 
defined. As such, more precise and consistent definitions of 
pseudoparalysis are warranted to better define the potential 
role of balloon spacer arthroplasty in the pseudoparalytic 
shoulder. Other authors have also advocated against spacer 
use in patients with significant osteoarthritis (OA) with 
preserved passive shoulder motion (2,20,22,27). In addition, 
due to the rehabilitation required following placement, the 
spacer may not be ideal for patients lacking motivation or 
those unable to follow a rehabilitation protocol (26).

Lastly, the clinical benefit of the balloon spacer is 
controversial given the high number of concomitant 
procedures (subacromial bursectomy, debridement, biceps 
tenotomy/tenodesis and/or partial rotator cuff repairs) 
often performed during implantation. Multiple prior 
investigations have demonstrated the effectiveness of 
subacromial debridement and bursectomy (41), biceps 
tenotomy (42), and partial repair (43,44) in reducing pain 
and improving functional outcomes for patients with 
massive, irreparable rotator cuff tears. As such, the direct 
clinical benefits of the balloon spacer versus additional 
arthroscopic interventions performed at the time of 
implantation remains unclear (27,30). In addition, the long-
term outcomes following spacer implantation are largely 
unknown. While Senekovic et al. (23) reported outcomes 
5-year following implantation, the patient dropout rate was 
37.5%, suggesting a potentially significant selection bias 
in the final reported outcomes. Finally, the clinical results 
from a number of studies must be interpreted with caution 

and within the context of author conflicts of interest with 
the device manufacturers (2,9,22,23,26,29).

Conclusions

The subacromial balloon spacer represents a simple, 
min imal ly  invas ive  dev ice  tha t  may  be  inser ted 
arthroscopically or under fluoroscopy using local anesthesia. 
Despite a limited number of clinical studies, the spacer has 
been shown to improve clinical outcomes, ROM, and pain, 
with questionable impact on restoring AHI when used as 
either a temporary measure or as a definitive treatment 
option. The procedure carries some inherent risk of 
short-term complications including infection and spacer 
migration. As much as a third of patients may also progress 
to conversion to RTSA. However, the balloon spacer 
remains a potentially attractive option for properly selected 
patients given the short rehabilitation period, potential for 
prolonged symptom relief, and in the event of spacer failure, 
the ability to pursue all remaining salvage procedures. 
However, appropriate selection is critical and should be 
avoided in patients with significant glenohumeral arthritis, 
irreparable subscapularis tears, as well as patients with active 
or latent infections and those allergic to device materials. 
Furthermore, given the limited quantity and duration 
of current data, its role in the pseudoparalytic shoulder 
warrants further investigation given the wide variety of 
definitions used in the literature. When interpreting clinical 
outcomes, the isolated contribution of the spacer remains 
largely unknown as the spacer is traditionally utilized with 
other arthroscopic procedures that have demonstrated 
independent clinical benefit. As such, prospective, 
randomized controlled trials using large patient cohorts 
with long-term follow up are warranted to establish the 
effectiveness and exact contribution of the balloon spacer 
compared with other arthroscopic interventions for the 
treatment of patients with massive, irreparable rotator cuff 
tears.
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