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Implantable Subacromial Balloon Spacers in Patients ®
With Massive Irreparable Rotator Cuff Tears:
A Systematic Review of Clinical, Biomechanical,
and Financial Implications
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Purpose: To determine the clinical, biomechanical, and financial impact of the use of subacromial balloon spacers in the
surgical management of massive, irreparable rotator cuff tears (RCTs). Methods: All studies assessing the use of
implantable subacromial balloon spacers for management of massive, irreparable RCTs were systematically searched. Risk
of bias was assessed using Methodological Index for Non-Randomized Studies criteria. Data extraction and analysis was
performed for pain and function scores, shoulder range of motion (ROM), glenohumeral contact pressure and vertical
migration of humeral head, and cost. Subjective synthesis was performed with forest plots when outcomes were reported
in 3 or more studies. Results: In total, 19 studies met inclusion criteria for analysis; 337 patients (mean age 68 years) had
343 subacromial balloon spacer implantations. Throughout a mean follow-up of 33 months, there was significant
improvement in the Total Constant Score (preoperative: 22.5-41.8; postoperative: 51.4-72.3), Oxford Shoulder Score
(preoperative: 21.3-26; postoperative: 34.39-48.2), American Shoulder and Elbow Surgeons score (preoperative:
24.5-59.1; postoperative: 72.5-85.7), and shoulder ROM parameters. Subacromial balloon spacer placement resisted
superior humeral head migration (range of preoperative to postoperative difference: 2.8-6.2 mm) and decreased peak
subacromial pressure during shoulder ROM. Conclusions: Existing literature of subacromial balloon spacers has a high
risk of bias, lack of appropriate control, and low levels of evidence. A qualitative synthesis indicates that subacromial
balloon spacer implantation in patients with massive irreparable RCTs is cost-effective and leads to improved function
(Total Constant Score and Oxford Shoulder Score) and ROM. In cadaveric studies, subacromial balloon spacers resist
superior humeral head migration and reduce subacromial pressure. The theoretical risk of biodegradation of the balloon
spacer has not been substantiated in study of up to 5-years follow-up, and the risk of complications from this procedure
appears to be minimal. Level of Evidence: IV; Systematic review of level III-IV studies.

from the tendon insertion site.”® A key issue for these

massive rotator cuff tears is that many are irreparable,
due to significant tendon retraction to the glenoid,”®

Rotator cuff tears are found in nearly 50% of pa-
tients aged 70-90 years.”> Among these rotator
cuff tears, up to 40% of all tears are categorized as

massive, " which is defined as the rupture of 2 or more
rotator cuff tendons and/or retraction >5 c¢m away

the tear being >3 cm in size,” extensive muscle atro-
phy,”® or a combination of these factors.
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Despite the many surgical options that exist,” >’ there
continues to be no consensus on the appropriate surgical
strategy for patients suffering from massive, irreparable
rotator cuff tears. A potential treatment for massive,
irreparable rotator cuff tears is the InSpace arthroscopic
biodegradable balloon spacer (InSpace Balloon; Ortho-
space, Caesarea, Israel). This spacer is placed within the
subacromial space via arthroscopic delivery and inflated
with saline.”* The biodegradable spacer is composed of
a copolymer material that lasts for approximately 12
months before full degradation occurs.”* Reported ad-
vantages of this device are its minimal technical demands
and shorter operative duration,””*** evidence of expe-
dited postoperative shoulder mobility,”® and improved
postoperative clinical function scores, such as Total Con-
stant Score (TCS), American Shoulder and Elbow Sur-
geons (ASES) score, and Oxford Shoulder Score (OSS) in
patients,””*” and the ability to implant the device under
fluoroscopic guidance without general anesthesia in those
patients with medical contraindications.”*” Recent sys-
tematic reviews by Moon et al.”’ and Stewart et al.”’
demonstrated improvements in patient satisfaction and
clinical outcomes such as TCS and ASES in patients
managed with subacromial balloon spacers. However,
there is limited research regarding the potential biome-
chanical and clinical advantages in addition to the cost
associated with subacromial balloon spacers in a system-
atic review. Further understanding of the biomechanical
and financial literature regarding subacromial balloon
spacers is imperative; therefore, review and analysis of
these outcomes in the present study provides value to the
existing systematic reviews on the topic.

Therefore, the purpose of this systematic review is to
determine the clinical, biomechanical, and financial
impact of the use of subacromial balloon spacers in the
surgical management of massive, irreparable rotator
cuff tears. We hypothesized that the use of implantable
subacromial balloon spacers in patients with massive,
irreparable rotator cuff tears would be associated with
improved shoulder range of motion (ROM) and clinical
function scores such as TCS, ASES, and OSS in addition
to biomechanical advantages such as increased
acromiohumeral distance and decreased subacromial
pressure, all in a cost-effective manner.

Methods
The study was designed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses protocol’’ using Cochrane Review
Methods.””

Search Strategy

MEDLINE, EMBASE, CINAHL, and the Cochrane
Library were searched from their inception to September
2019. The search strategy (Table 1) was developed
with the assistance of a medical librarian. Following
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Table 1. MEDLINE Search Strategy

Line 1: Interpositional balloon spacer OR Interpositional spacer OR
Subacromial interpositional balloon spacer OR Subacromial
interpositional balloon OR balloon-shaped spacer or Inspace OR
Inspace balloon OR Subacromial spacer OR Balloon arthroplasty
OR Subacromial balloon interpositional arthroplasty OR
Subacromial balloon spacer OR Balloon OR Balloon spacer
OR Biodegradable spacer OR Biodegradable balloon spacer OR
Subacromial biodegradable spacer OR Biodegradable balloon

AND

Line 2: Cuff tear OR Shoulder OR Irreparable cuff OR superior rotator
cuff tear OR Massive rotator cuff tear OR Rotator cuff tear OR
Rotator cuff OR Irreparable rotator cuff tear OR Irreparable rotator
cuff OR Irreparable massive rotator cuff tear OR irreparable OR
subacromial OR acromion OR impingement OR tear OR
tendinopathy

identification of potential articles for inclusion, an initial
screening of titles and abstracts that addressed the
research question of interest was then performed. After-
wards, relevant full-text articles were obtained and
re-evaluated for eligibility based on the inclusion and
exclusion criteria below to determine the final studies to
be included in the systematic review. Any disagreements
regarding the articles for inclusion were resolved by the
senior author. The bibliographies of all articles identified
also were searched for further studies that specifically
pertained to cost, biomechanical, and clinical outcomes
involving the use of subacromial balloon spacers for the
management of massive, irreparable rotator cuff tears.
The authors determined that inclusion of nonrandomized
studies was appropriate considering that randomized
controlled trials on the topic have not yet been completed,
and therefore this is the only literature available that
effectively describes the topic.

Inclusion and/or Exclusion Criteria

This article includes English-language original data
studies published at any time that report outcomes
relating to biomechanics, clinical function scores (TCS,
ASES, 0SS, University of California Los Angeles
[UCLA] Shoulder Score, visual analog scale [VAS]),
shoulder ROM, patient satisfaction, costs, and compli-
cations following the use of subacromial balloon spacers
for the management of massive, irreparable rotator cuff
tears. Studies that were excluded were those not writ-
ten in English and those did not assess biomechanical,
clinical, or financial outcomes after the use of sub-
acromial balloon spacers in massive, irreparable rotator
cuff tears.

Quality Appraisal and Assessment of Risk of Bias
The quality and assessment of risk of bias for each
clinical study included in the review was independently
rated by the primary and senior authors using the
Methodological Index for Non-Randomized Studies
(MINORS) criteria, which is a validated 8-item checklist
that is designed to analyze the quality of comparative
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Fig 1. Search strategy and study
selection process using Preferred “—
Reporting Items for Systematic —
Reviews and Meta-Analyses
methodology.

Eligibility

Included

and noncomparative  nonrandomized,  surgical
studies.”” Each checklist item is scored from 0 to 2, in
which a score of 0 is assigned if an item is not reported,
a score of 1 is assigned if an item is only partially
addressed, and a score of 2 is provided if the item
parameter is completely addressed. Follow-up of
18 months was considered adequate to assess clinical
efficacy and potential complications of the subacromial
balloon spacer as device degradation is reportedly
complete within 12 months of insertion.””’" The
Cohen’s K statistic was calculated to determine inter-
rater reliability.”* Cohen suggested that the kappa value
should be interpreted as follows: values <0 represents
less than chance agreement, 0.01-0.20 represents slight
agreement, 0.21-0.40 represents fair agreement,
0.41-0.60 represents moderate agreement, 0.61-0.80
represents substantial agreement, and 0.81-1.00 rep-
resents almost-perfect agreement.’”*°

Data Collection and Abstraction
Two investigators independently extracted data from
those groups with massive, irreparable rotator cuff tears
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Records identified through
database searching
(n=2165)

Records screened
(n =560)

Records excluded
(n=510)

v
Full-text articles assessed for
eligibility
(excluding duplicates; n = 50)

Full-text articles excluded,
with reasons (n = 32)
- Review articles
- Involved
procedures other
than subacromial

A 4

y balloon spacer
Studies included in
qualitative synthesis
(n=19) \
Studies included from
outside source
v (n=1)

Studies included in
quantitative synthesis
(meta-analysis)
(n=3)

treated with subacromial balloon spacer from all eligible
studies. Any disagreements were resolved by discussion.
Unresolved disagreements were resolved by the senior
author. The following data was extracted for the clinical
and biomechanical studies: first author, year of publica-
tion, journal publication, sample size, individual group
demographics, surgical interventions, mean follow-up,
and the primary and secondary outcomes. The primary
outcome measures for the clinical studies were TCS, OSS,
ASES score, VAS pain score; shoulder ROM parameters
such as abduction, flexion, and external rotation; and
radiologic measures such as acromiohumeral distance,
proximal humeral migration. The primary outcome
measures for the biomechanical studies were mean and
peak subacromial pressure, glenohumeral contact pres-
sure, functional abduction force, acromiohumeral
distance, inferior—superior humeral head migration, and
anterior—posterior humeral head migration. Secondary
outcomes included resource use (financial cost, quality-
adjusted life years [QALYs], operating room time, anes-
thesia requirements, hospital length of stay), patient
satisfaction data, and complications.
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Table 2. Risk of Bias Assessment: MINORS Score and Subscales

Prospective

Loss to Follow-Up Calculation of

Not Exceeding 5%

Follow-Up Period

Unbiased

End Point
Appropriate

Inclusion of

Consecutive Prospective Evaluation Appropriate to the
Data Collection of End Points

Clearly Stated
Aim of the Study

Cumulative
MINORS Score

Sample Size

Major End Point

to Study Arm

Patients

Study

Basat et al., 2017°°

12
10
11

201778

Deranlot et al.,

Gervasi et al., 20167

2017

Malahias et al., 2019*°

Holschen et al.,

11

2018%°

Maman et al.,

10

11

Naggar 2018*

2020%

Prat et al., 2018*’

Piekaar et al.,

Ricdi et al., 2017**

11
10

Ruiz Ibén et al., 2018*°

Senekovic et al., 2017*¢

Yallapragada et al., 2018"7
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MINORS, Methodological Index for Non-Randomized Studies.

Meta-Analysis Methodology for Biomechanical
Studies

Meta-analysis with the random-effects model was per-
formed for biomechanical studies when sufficient data
existed from 2 or more studies. Data analysis was done
using the Review Manager (RevMan) version 5.3. The
Cochrane Collaboration, 2014. Standardized mean dif-
ference with 95% confidence interval was calculated for
continuous data and statistical significance was deter-
mined by using P values, with alpha set at .05. Hetero-
geneity was assessed by the Breslow—Day method’’
using the 7* test and I? statistic. Meta-analysis was not
performed for clinical studies because of the heteroge-
neity and potential for high risk of bias among studies.

Results

Search Results

The search returned a total of 2165 articles. After du-
plicates were excluded and the title and abstract screen
was performed, 50 articles were retrieved for full-text
screening. A total of 18 articles met the aforementioned
inclusion criteria. One additional article was retrieved
from an outside source. Among the 19 total articles that
met inclusion criteria, 4 articles reported biomechanical
outcomes, 14 articles reported clinical outcomes, and 1
article reported financial outcomes regarding the use of
subacromial balloon spacers for the management of
irreparable rotator cuff tears. The process of study selec-
tion is included in Figure 1. Risk of bias assessment using
the MINORS criteria is displayed in Table 2°**’ and
Figure 2, and design characteristics of selected studies are
included in Tables 3 and 4.°%*” Two studies by Piekaar
et al.""? were retrieved, which included clinical results
from the same group at 1 and 3 years of follow-up after
implantation of a subacromial balloon spacer. Only the
results from Piekaar et al.”” reporting 3-year follow-up
were included in the results and statistical analysis of
the present study.

Quality Appraisal and Risk of Bias

A total of 13 nonrandomized, clinical studies were
assessed using MINORS criteria. There was not an
appropriate comparison group in the included studies,
so the 8-item MINORS criteria for noncomparative
studies were used (Table 2).”**” The mean MINORS
score was 9.69. The K statistic value for interrater reli-
ability was 0.81, suggesting strong agreement between
raters.

Patient Demographics

The 19 studies that met inclusion criteria involved a
total of 337 patients, with a total of 343 subacromial
balloon spacer surgeries performed (300 included in
clinical studies, 43 included in biomechanical studies).
Mean reported age of subjects in both clinical and
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Fig 2. Risk of bias summary: review authors” judgments
about each risk of bias item for each included study.
Green = low risk of bias, yellow = unclear risk of bias,
red = high risk of bias.

biomechanical studies was 68 years old. In total, 158 of
reported patients were male and 143 were female;
however, not all of the biomechanical studies reported
patient sex. All studies included patients with persistent
symptoms for a minimum of 3 to 6 months with failure
of conservative treatment, including activity modifica-
tion, treatment with non-steroidal anti-inflammatory
medications, intra-articular corticosteroid injections,
and/or physical therapy before balloon spacer treat-
ment. Among the studies that reported preoperative
characteristics, 75 of 76 (98.6%) of patients had a

e859

preoperative Patte classification of 3. In addition, 101 of
125 (80.8%) of the included patients had a preopera-
tive Goutallier classification of >3 and 24 of 125
(19.2%) had a preoperative classification of <2.
Patients with extensive glenohumeral osteoarthritis,
known allergy to balloon spacer material, or active
infection were excluded from operative intervention in
all included studies. Two studies included patients with
previous attempts at surgical management.”** The
study by Gervasi et al.” included 5 of 15 (33%) of
patients who previously were treated with either rota-
tor cuff repair or subacromial debridement and biceps
tenotomy before subacromial balloon spacer place-
ment. In all clinical studies, the patient was indicated
for arthroscopic shoulder surgery preoperatively based
on clinical symptoms and/or magnetic resonance im-
aging (MRI) findings (Table 5),”%*” and 8 of 13 clinical
studies specifically reported that the rotator cuff tear
was deemed irreparable intraoperatively by the primary
surgeon based on the inability to attach the tendon to
its insertion footprint.?®>%*%424%47 Among the clinical
studies, a total of 95 biceps tenotomy procedures were
reported and performed in concordance with the
balloon spacer placement procedure and an additional
4 studies included biceps tenotomy but did not report
the prevalence. A total of 33 partial rotator cuff repairs
were performed in conjunction with implantation of a
subacromial balloon spacer. Average length of follow-
up in studies reporting clinical outcomes was 33.37
months. Baseline demographic data for patients
included in each study is included in Table 5.7%*’

Functional Scores

Patients treated with a subacromial balloon spacer
demonstrated overall improvement in postoperative TCS
compared with preoperative TCS based on the data from
11 studies (preoperative range: 22.5-41.8; postoperative
range: 51.4-72.3; Fig 3). Of these studies, TCS outcomes
were reported in a combined 19 follow-up periods from
12 months to 60 months postoperatively. All of these
studies reported statistically significant improvement in
TCS from preoperative to postoperative measurements at
all short-term and long-term follow-up timepoints (Fig4).
There was also substantial improvement from pre- to
postoperative OSS after the subacromial balloon spacer
procedure according to the data from 3 studies (preop-
erative range: 21.3-26; postoperative range: 34.39-48.2;
Fig 5). In addition, 4 studies reporting ASES scores
showed significant improvement from preoperative to
postoperative values (Fig 6). In terms of VAS pain scores,
Ricci et al** found significant improvement in
VAS scores in those groups with 3- (6.13-3.38, P=.0005),
6- (6.45-3.67, P=.0019), 12- (6.25-2.86, P=.0001), and
24-month (6.6-2.8, P = .0019) follow-up. Gervasi et al.”
demonstrated similar findings at 12-month (7.1-1.4,
P <.0001) and 24-month (7.1-2.1, P < .0001) follow-up.



Table 3. Design Characteristics of Each Clinical Study Included in this Systematic Review: Part 1

Study

LOE n

Adjustment for Confounding Variables

Control Group
Experimental Group(s) Interventions Interventions

Basat et al., 2017%°

Deranlot et al., 2017°%

Gervasi et al., 2016”7

Holschen et al., 2017°°

P (IV) 12

R (IV) 39

P (IV) 15

R (II) 23 (11 in Group A,
12 in Group B)

Inclusion: MIRCT (Patte > stage 3,

Goutallier state 3 or 4, acromiohumeral
distance <7 mm), complete disruption of
supraspinatus and infraspinatus, presence
of functional deltoid, age >60 vy, failure of
conservative treatment >6 mo. Exclusion:
rotator cuff arthropathy, repairable RCT
during MRI or arthroscopy, shoulder
infection, neurologic deficit in shoulder
muscles

Inclusion: MIRCT (Patte > stage 2,

Goutallier > or = stage 3, no OA), Ffailure
of conservative treatment >6 mo,
minimum 1-year f/u. Exclusion: CTA >
stage 3 Hamada class, subscapularis tear,
intraoperative ability to repair tendon.
Statistical analysis: CA was adjusted for
age and sex, subgroup analysis (post hoc)
was performed to identify differences
based on the status of the long head biceps
tendon (spontaneous preoperative
rupture of biceps tendon didn’t influence
postop acromiohumeral distance or
constant score)

Inclusion: MIRCT, age >50 vy, failure of

conservative therapy >4 mo. Exclusion:
significant OA, GH instability, major joint
trauma, infection, necrosis in shoulder.
Statistical analysis: Adjusted CS and their
subscales were determined using a
repeated measures analysis variance
model

Inclusion: MRCT, painful loss of shoulder

function. Exclusion: no arthritis, no
cranial migration of humeral head > type
Il Hamada, cuff tear arthropathy

Balloon spacer placement, subacromial
debridement +/— biceps tenotomy (if
biceps tendon intact)

Balloon spacer placement, Subacromial
debridement +/— biceps tenotomy (if
biceps tendon intact)

Fluoroscopic-guided balloon spacer

placement

Balloon spacer placement with RTC debridement, synovectomy,
subacromial debridement or partial bursectomy, biceps tenotomy/
repair +/— biceps tenotomy (if biceps tenodesis, and partial
tendon intact) reconstruction/repair of rotator

cuft if possible

(continued)
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Table 3. Continued

Control Group

Study LOE n Adjustment for Confounding Variables Experimental Group(s) Interventions Interventions
Malahias et al., 2019"° R (IV) 31 (18 in Group A and Inclusion: >50 y old, symptomatic MRCT, Group A: Partial repair, balloon spacer
13 in Group B) intraoperatively found to have irreparable placement, subacromial debridement,

(not able to perform complete repair)
tears. Exclusion: <50 y old, no
preoperative TCS scores, pseudoparalysis,
small/medium RCTs, irreparable
subscapularis tears, previous shoulder
surgery on same side, open/mini-open
repair, GH arthritis, rheum arthritis, psych
disease, active shoulder infection,
“uncontrolled hormonal disorders,:
coagulopathy. Statistical analysis: no
significant differences were found
between ISB w/partial repair vs ISB alone
and no significant differences in baseline
demographics or clinical characteristics
Maman et al., 2018*° P (IV) 42 (21 in Group A and Inclusion: functional disability/pain >4 mo,
21 in Group B) imaging confirmation of RCT, failure of
conservative therapy. Exclusion:
significant shoulder OA, GH instability,
active shoulder infection, previous
shoulder surgery, uncontrolled diabetes,
immunosuppression, coagulopathy.
Statistical analysis: mean changes from
baseline in total CS and adjusted CS and
subscales were determined using repeated
measures analysis variance model (no
significant difference between spacer
placement with or without tenotomy)

Naggar 2018" P (IV) 22 -
Piekaar et al., 2020"* P (IV) 39 (31 in Group A and Inclusion: shoulder pain due to MIRCT on
8 in Group B) imaging and arthroscopy, failure of

conservative management or failure of
previous surgery, >18 y old. Exclusion:
severe GH OA, rupture of subscapularis
muscle, previous participation in research
study of affected shoulder, allergy to
device materials, active shoulder
infection. Statistical analysis: CMS was
adjusted for age and sex.

Prat et al., 2018 R (IV) 24 Inclusion: failure of conservative
management; exclusion: inflammatory
arthropathy, GH OA

biceps tenotomy; Group B: balloon
spacer placement, subacromial
debridement, biceps tenotomy

Group A: balloon spacer placement,
biceps tenotomy (unless tendon
already completely ruptured), and
subacromial debridement; Group B:
balloon spacer placement and
subacromial debridement

Balloon spacer placement

Group A: Arthroscopic bursectomy and
decompression with balloon spacer
placement +/— biceps tenotomy (only
if biceps tendon intact); Group B:
arthroscopic bursectomy and
decompression, partial RTC repair,
balloon spacer placement +/— biceps
tenotomy (only if biceps tendon intact)

Balloon spacer placement, Subacromial
debridement +/— biceps tenotomy (if
biceps tendon intact)

(continued)
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Table 3. Continued

Control Group

Study LOE n Adjustment for Confounding Variables Experimental Group(s) Interventions Interventions
Ricci et al., 2017* R (IV) 30 Inclusion: Goutallier stage 3 or 4, Persistent Balloon spacer placement, subacromial
pain for >6 mo, failure of conservative bursectomy, biceps tenotomy,
treatment. Exclusion: GH OA, GH acromioplasty

instability, previous shoulder surgery,
shoulder infection

Ruiz Iban et al., 2018*° P (IV 15 Inclusion: MIRCTs on MRI, >50 y old, Balloon spacer placement, subacromial
y P p
persistent pain/disability for >6 mo w/ >3 debridement +/— biceps tenotomy (if
mo failed conservative therapy, Goutallier biceps tendon intact)

stages 3 or 4, Irreparability confirmed on
arthroscopy, No cuff tear arthropathy, No
GH OA. Statistical analysis: Post hoc
analysis performed between preoperative
situation (age, degenerative arthropathy,
Constant score, active or passive ROM,
pseudoparalysis) of the 6 subjects that had
clinically relevant improvement and the 9
subjects that did not fare well

Senekovic et al., 2017"° P (IV) 24 Inclusion: persistent pain/functional Balloon spacer placement +/— biceps
disability >6 mo, imaging confirmation of tenotomy, partial repair was
RCT, failure of conservative therapy, performed in 3 patients

confirmation of irreparability and fatty
infiltration on arthroscopy. Exclusion: GH
OA, GH instability, active shoulder
infection, previous shoulder surgery, DM,
immunosuppression, coagulopathy.
Statistical analysis: adjusted CS and its
subscales were determined using a
repeated measures analysis variance
model (subgroup analysis revealed there
were no statistical differences between
clinical outcomes of subjects who went
device implantation alone vs those who
had any level of tendon repair, but those
patients who had repair were NOT
included in clinical efficacy assessment

results).

Yallapragada et al., 2018*" P (IV) 14 Inclusion: MIRCT, failed conservative Balloon spacer placement, subacromial
management >6 mo, muscle retraction debridement, biceps tenotomy in 9
(Patte > stage 2), muscle atrophy, fatty patients

infiltration (Goutallier stage 3). Exclusion:
GH OA Hamada grade 3, no preserved
passive ROM, active infection, or allergies
to the balloon material

CMS, Constant-Murley shoulder score; CS, Constant score; CTA, cuff tear arthropathy; DM, diabetes mellitus; f/u, follow-up; GH, glenohumeral; ISB, InSpace Balloon; LOE, level of evidence;
MIRCT, massive irreparable rotator cuff tear; MRCT, massive rotator cuff tear; MRI, magnetic resonance imaging; OA, osteoarthritis; P, prospective; R, retrospective; RCT, rotator cuff tear;
ROM, range of motion; RTC, rotator cuff; TCS, Total Constant Score.
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Table 4. Design Characteristics of Each Clinical Study Included in this Systematic Review: Part 2

Study

Measured Outcomes

Mean Follow-Up
(Months + SD)

Patients Lost
to Follow-Up

Conclusions

Basat et al., 2017%°

Deranlot et al., 2017°¢

Gervasi et al., 2016’

Holschen et al., 2017°°

Malahias et al., 2019*°

Maman et al., 2018*°

Naggar 2018"

Piekaar et al., 2020**

Constant score; Oxford
Shoulder Score; VAS;
abduction

Flexion, abduction, external
rotation; Constant score;
acromiohumeral distance;
Hamada classification

Constant score; ASES score,
range of motion

Constant score, ASES score,
subjective satisfaction

Constant score, ASES score,
Flexion, abduction, external
rotation, internal rotation,
VAS score, patient
satisfaction

Constant score

Constant score, UCLA

NRS for pain, Oxford Shoulder
Score, Constant-Murley
shoulder score (CMS),
Satisfaction

38.3 £8.03

32.8 £ 124

24

30.6 for Group A,
22.3 for Group B

22.1 £9.8

12

52.5

34

1/15 (6.66%) patients lost to follow-up at 6 months
due to ref for RTSA (clinical condition not
improving) and only 10/15 patients completed at
least 2 years’ follow-up

2/23 (8.70%) patients lost to follow-up because of
conversion to reverse total shoulder arthroplasty
due to lack of improvement of symptoms

Only 43% (18/42) of patients were willing to
return between 24-40 months postoperatively
either due to logistical reasons or other non-
shoulder comorbidities

1 patient lost to follow-up due to chemotherapy,
1 patient died 2 mo postoperatively from cardiac
disease, 2 patients with RTSA, and 1 patient
received repeat arthroscopy

In patients in whom conservative treatment is
insufficient for irreparable RTC tears, the
biodegradable balloon has shown to improve
mean constant score, mean Oxford Shoulder
Score, and mean shoulder abduction degree.

Arthroscopic implantation of a subacromial spacer
for irreparable RTC tears leads to significant
improvement in mean Constant score and
shoulder anterior elevation, abduction, and
external rotation at a minimum of 1 year
postoperatively.

Fluoroscopy-guided implantation of the InSpace
system for management of MRTC tears results in
an overall improvement in total Constant score
and ASES score beginning at 6 wk
postoperatively and sustained by at least 12 wk
postoperatively.

The ISB is a feasible treatment for patients with
MRCT and compared to conventional treatment
methods, the ISB results in greater absolute
improvement in both ASES score and Constant
score.

The use of ISB for patients suffering from MRCT
leads to significantly improved ASES score,
Constant score, and VAS pain scores. The use of
arthroscopic partial repair with ISB was not
superior to ISB implantation alone.

Spacer implantation in patients with MRTC
provides significant improvement in Constant
score up to the 1-y follow-up visit. Additional
long head of the biceps tenotomy did not
influence the postoperative results.

Arthroscopic implantation of an inflatable
biodegradable balloon provides significant
improvement in Constant score and UCLA score
in patients with MIRCT.

Arthroscopic implantation of the balloon spacer
leads to sustained reduction in NRS pain score
and Oxford Shoulder Score in patients with
irreparable RTC tears during 3 years of
follow-up.

(continued)
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Table 4. Continued

Study

Measured Outcomes

Conclusions

Prat et al., 2018

Ricdi et al., 2017**

Ruiz Iban et al., 2018%

Senekovic et al., 2017*°

Yallapragada et al., 20187

UCLA, Quick-DASH; flexion,
external rotation, internal
rotation, satisfaction,
upward migration index
(UMI)

Constant score, VAS score,
subacromial space on AP
radiographs

Constant score, Quick Dash;
flexion, external rotation,
internal rotation, abduction,
simple shoulder score

Constant score, range of
motion, subjective pain
score, relief of shoulder
night pain, ultrasound
evaluation

Constant score, Oxford
Shoulder Score; flexion,
abduction, external rotation

Mean Follow-Up Patients Lost
(Months + SD) to Follow-Up
14.4 + 15 2 patients lost to follow-up 3 mo after surgery
(7.69%)
9.8 -
Median 24 1 patient lost to follow-up due to severe worsening

of Parkinson disease

60 Dropout rate was 9/24 (37.5%) w/ 1 patient
withdrawing at 6 weeks due to lack of
improvement, 2 patients died due to non-ortho
issues, 1 patient had RTSA at 4 years, and 5 other
patients refused to come for follow-up

12.6 -

Subacromial balloon spacer placement for MIRCT
led to improvements in UCLA score, but poor
patient satisfaction rating and minimal
improvement in proximal humeral head
migration on postoperative radiographs.

Placement of subacromial spacer resulted in
sustained improvement in TCS, range of motion,
and ADL performance while also providing pain
relief at 24 mo follow-up in patients with MIRCT.

The use of the subacromial spacer does not seem to
be a reasonable alternative to the management of
the majority of patients with irreparable RTC
tears because only 40% of the patients in this
study experienced an improved Constant score at
24 mo.

Implantation of the InSpace system in patients with
MRCT refractory to conservative treatment is an
effective alternative because it results in
sustained improvement of total Constant score
through 5 y of follow-up.

Implantation of a subacromial spacer or irreparable
RCTs results in significantly improved mean
Constant score, Oxford Shoulder Score, and
range of motion through a mean of 12.6 mo
follow-up.

AP, anteroposterior; ASES Score, American Shoulder and Elbow Surgeons score; ISB, InSpace Balloon; MRCT, massive rotator cuff tear; NRS, numeric rating scale; Quick-DASH, Disabilities
of the Arm, Shoulder, and Hand score; RCT, rotator cuff tears; RTC, rotator cuff; RTSA, reverse total shoulder arthroplasty; SD, standard deviation; VAS, visual analog scale.

7989

"IV LH SNHOl T 'M



SUBACROMIAL BALLOON SPACER IN RCTS

e865

Table 5. Baseline Demographics From Each Clinical Study Included in This Systematic Review

Study Age, y, mean + SD Sex (M:F) Rotator Cuff Tear Size  Goutallier Stage Patte Stage Hamada Stage
Basat et al., 2017°° 64.3 £ 3.55 8:4 >5 cm (12) Stage 4 (12/12)  Stage 3 (12/12) —
Deranlot et al., 2017°% 69.8 £7.9 15:22 - Stage 2 (2/38) Stage 2 (1/38) Stage 1 (24/38)
Stage 3 (26/38)  Stage 3 (37/38)  Stage 2 (6/38)
Stage 4 (10/38) Stage 5 (1/38)
Gervasi et al., 20167 74 £ 6 7:8 - Stage 3 (6/15) — —
Stage 4 (9/15)
Holschen et al., 201777 62.4 6:6 - — Stage 3 (12/12) —
Malahias et al., 2019*° 65.2 + 8.5 18:13 - Stage <2 (22/31) - -
Stage >2 (9/31)
Maman et al., 2018%° — - - — — —
Naggar 2018"! 69.3 13:8 - - - -
Piekaar et al., 2020 65 20:19 - - - -
Prat et al., 2018"° 70 £ 7.9 12:12 - - - -
Ricdi et al., 2017 65.7 13:17 — - - -
Ruiz Iban et al., 2018 69.4 + 7.5 4:11 >3 cm (15) Stage 3 (15/15) — —
Senekovic et al., 2017*¢ 68.8 12:12 - - -
Yallapragada et al., 2018" 76.2 10:4 - Stage >3 (14/14) Stage >2 (12/14) Stage >3 (0/14)

F, female; M, male; SD, standard deviation.

Malahias et al.” also demonstrated significant improve-

ment in VAS score at rest, at night, and during activity
following both partial rotator cuff repair with implanta-
tion of the balloon spacer and implantation of balloon
spacer alone, with no significant difference in VAS scores
between intervention groups. The UCLA shoulder score
was also improved from 10.9 + 3.24 preoperatively to
15.9 + 6.87 postoperatively (P = .001) in the study by
Prat et al.”’

Shoulder ROM

There was significant improvement of shoulder
abduction (preoperative range: 70-113°; postoperative
range: 110-165°), shoulder flexion (preoperative range:
80-130°; postoperative range: 106.5-161°), and external
rotation (preoperative range: 25-44.5°; postoperative
range: 35-63.7°) from preoperative to postoperative
ROM after placement of the subacromial balloon spacer
(Fig 7, A-C). In addition, Ricci et al. demonstrated
positive results in ROM scores in the 3- (33-40.75,
P = .0002), 6- (30-43.56, P = .0001), 12- (32.5-44.75,
P < .0001), and 24-month (32.4-45.6, P < .0001)
follow-up groups. Senekovic et al.*® also demonstrated a
mean change of ROM of 8.31 4+ 9.62° (P < .0001) from
baseline out to 60 months of follow-up.

Biomechanics

We were able to combine the data from 3 studies
including 30 cadavers to demonstrate that in irreparable
rotator cuff tears, subacromial balloon spacer placement
resists superior humeral head migration by an average of
4.04 mm when the spacer is filled with 25 mL of saline and
the shoulder is at 0 degrees of abduction without a load
(confidence interval —6.09 to —2.00; P = .0001;
Fig 8)."*" Chevalier et al.”" also performed a study with
6 cadaveric shoulders to determine the effect of placing a
subacromial balloon spacer on top of a supraspinatus
tendon repair on the mean and peak subacromial
pressure. They determined that the peak, or maximal
subacromial  pressure, during shoulder @ROM
(flexion—extension and abduction—adduction) was
significantly decreased compared to repair without the
overlying balloon spacer (1749.6 £ 80.7 MPa vs 535.1
+ 27.6 MPa, P < .0001 for adduction—abduction and
1171.3 £ 99.5 MPa vs 468.7 + 16.0 MPa, P < .0001 for
flexion—extension). Furthermore, the duration of time
that the subacromial pressure was at peak pressure during
ROM was reduced with the placement of the subacromial
balloon spacer compared to without the balloon spacer.”’
In addition, during shoulder adduction—abduction, the
mean subacromial pressure over a repaired supraspinatus

Control Experimental Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% ClI IV, Random, 95% ClI
Basat 2017 25.8 5.31 12 75.4 6.05 12 -49.60[-54.15, -45.05] i
Deranlot 2017 39 14.6 39 64 13.6 39 -25.00([-31.26, -18.74] ——
Malahias 2019 38 17.3 31 66.5 16.2 31 -28.50[-36.84, -20.16] —
Senekovic 2017 34.21 13.34 24 67.41 22.669 24 -33.20[-43.72, -22.68] —t
Yallapragada 2018 22.5 5.2246 14 51.4 7.8123 14 -28.90[-33.82, -23.98] ==

-50  -25 0 25 50

Favors subacromial spacer Favors control

Fig 3. Forest plot comparing preoperative to postoperative Total Constant Score (TCS) values after placement of subacromial
balloon spacer for patients with massive irreparable rotator cuff tear. (CI, confidence interval; SD, standard deviation.)
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tendon was lower with an overlying subacromial balloon
spacer compared with without (121.7 £ 9.5 MPa vs
51.5 4 1.2 MPa, P < .0001).”"

Radiographic Results

In the study performed by Deranlot et a the mean
preoperative acromiohumeral distance in 38 shoulders
was 8.2 + 3.4 mm whereas the mean acromiohumeral
distance at an average of 32.8 months postoperatively
was 6.2 £ 3.1 mm. In the study performed by Ricci
et al.,”" the mean preoperative acromiohumeral dis-
tance varied from 6.45 to 6.67 mm among 30 patients.
However, in contrast to the study by Deranlot et al.,*®
the mean postoperative acromiohumeral distance was
greater than the preoperative value for the 3 months
(7.99 mm, P < .0001), 6 months (8.16 mm, P < .0004),
12 months (7.09 mm, P < .00067), and 24 months
(7.94 mm, P < .0007) follow-up groups.”' Prat et al.*’
also evaluated the effect of the subacromial balloon

3
1.,°%

spacers on acromiohumeral distance by comparing
preoperative to 3-month postoperative upward migra-
tion indexes (UMIs) in 24 shoulders. In contrast to the
results found by Rici et al., Prat et al.*” determined no
difference in humeral migration with the use of sub-
acromial balloon spacers. In their study, the mean
preoperative UMI was 1.15 (range 1.0-1.33) and the
mean postoperative UMI was similarly at 1.16 (range
1.0-1.33)."” Deranlot et al.”® also evaluated the effect of
subacromial balloon spacers on the progression of
rotator cuff arthropathy. The authors report that among
the 38 shoulders they studied, preoperatively, 7
shoulders had no evidence of rotator cuff arthropathy,
24 shoulders were Hamada stage 1, 6 shoulders were
classified as Hamada stage 2, and 1 shoulder was
Hamada stage 5. However, after management of the
irreparable rotator cuff tears with a subacromial balloon
spacer, progression of rotator cuff arthropathy was
evident in 5 of the shoulders studied (4 patients

Control Experimental Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total 1V, Random, 95% CI IV, Random, 95% CI
Basat 2017 21.3 2.95 12 429 291 12 -21.60 [-23.94, -19.26] +
Plekaar 2019 21.32 1.14 39 34.39 1.7285 39 -13.07 [-13.72, -12.42] b
Yallapragada 2018 26 1.7913 14 4B.2 5.7969 14 -22.20 [-25.38, -19.02] +
-100 -50 0 50 100

Favors subacromial spacer Favors control

Fig 5. Forest plots comparing preoperative to postoperative Oxford Shoulder Score (OSS) after placement of subacromial balloon

spacer for patients with massive irreparable rotator cuff tear
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Fig 6. Comparison of mean preoperative to postoperative
American Shoulder and Elbow Surgeons (ASES) Shoulder
Score after placement of subacromial balloon spacer. Author
(length of follow-up).

progressed by 1 Hamada stage and 1 patient progressed
by 3 Hamada stages).””

Time and Utility of Operation

Ruiz Iban et al.”” reported a median operative dura-
tion of 27.3 minutes. A study by Basat et al.”® reported
a mean total operative duration of 33 minutes. Two
other studies reported a mean of 10 minutes for balloon
spacer implantation, with a range from 2 to 20 minutes,
and a decrease in time to implantation as the surgeon
gained more experience with the procedure.”*¢

A Control

Experimental

Mean Difference
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Cost Analysis

In an estimate of costs during a 24-month follow-up
period, Castagna et al.””> demonstrated that use of a
subacromial balloon spacer was less costly, more
effective, and therefore associated with increased
QALYs for patients with irreparable rotator cuff tears in
comparison with arthroscopic partial repair and shoul-
der arthroplasty. Mean total per patient cost of the
InSpace balloon spacer procedure was 17,327 euros in
comparison with 31,031 euros for total reverse shoul-
der arthroplasty and 24,312 euros for arthroscopic
partial rotator cuff repair. Although the subacromial
balloon spacer was more costly than conservative
management, it offers improvement in QALYs for a
mean additional cost of 522 euros. The group concluded
that the use of subacromial balloon spacer was the most
cost-effective strategy for irreparable rotator cuff tears.

Patient Satisfaction

A total of 4 studies reported patient satisfaction scores
following surgery in a combined 82 patients.”””*%*> A
total of 13 of 15 patients rated their satisfaction from 8
to 10 on a 10-point scale, with the value 10 repre-
senting “very satisfied.” There was a mean of 3.7 on the
4-point Likert satisfaction scale, with most patients
believing that the most invasive treatment option had
been avoided (3.6). In a study by Malahias et al.,*’ 25 of
31 (80.6%) of patients were fully or almost satisfied

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% CI 1V, Random, 95% CI
Basat 2017 735 3.99 12 165 3.79 12 -81.50 [-D4.61, -B8B8.39] -+
Deranlot 2017 113 53 39 136 43 39 -23.00 [-44.42, -1.58] ) mE
Yallapragada 2018 70 20.5186 14 110 16.19337 14 -40.00 [-53.69, -26.31] —_—
-100 =50 0 50 100

B Control

Favors subacromial spacer Favors control

Experimental Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Deranlot 2017 130 48 39 160 35 39 -30.00 [-48.64, -11.36] —
Malahlas 2019 1215 283 31 161 39 31 -39.50 [-56.48, -22.54] e
Prat 2018 80 2689 24 1065 29 24  -16.50 [-32.33, -0.67] :
Yallapragada 2018 B0 10.8%94 14 105 9.7001 14 -25.00 [-32.64, -17.38] oy
-100 -50 0 50 100

C Control

Favors subacromial spacer Favors control

Experimental Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Deranlot 2017 32 19 38 52 25 39 -20.00 [-29.85, -10.15] _—
Malahlas 2019 445 28.5 31 &3.7 28.1 31 -18.20 [-33.29, -5.11] —_——
Prat 2018 34.1 11.75 24 375 9.22 24 -3.40 [-9.38, 2.58] =+
Yallapragada 2018 25 12.08941 14 35 5.4972 14 -10.00 [-16.96, -3.04] ==
-100 -50 0 50 100

Favors subacromial spacer Favors control

Fig 7. Forest plots comparing preoperative to postoperative shoulder range of motion (ROM) parameters (A, abduction, B,
flexion, C, external rotation) after placement of subacromial balloon spacer for patients with massive irreparable rotator cuff tear.

(CI, confidence interval; SD, standard deviation.)
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Std. Mean Difference Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Lobao 2019 -6.2 13 14 14 30.8% -6.20 [-8.75, -3.65] L —

Singh JSES 2019 -3.2 0.6 B B 49.3% -3.20 [-4.3B, -2.02] ——

Singh Arthroscopy 2019 -2.8 1.9 B B 19.9% -2.80[-6.52,0.92] _ =

Total (95% CI) 30 30 100.0% -4.04 [-6.09, -2.00] = =

Heterogenelty: Tau® = 1.85; Ch¥ = 4.61, df = 2 (P = 0.10); ¥ = 57% =-10 _'5 ) 5‘ 10:

Test for overall effect: Z = 3.88 (P = 0.0001)

Favors subacromial spacer Favors control

Fig 8. Forest plot comparing preoperative with postoperative values for humeral head position/resistance to superior translation
of the humeral head. (CI, confidence interval; SD, standard deviation.)

with their balloon spacer treatment, whereas 3 of 31
(9.6%) of patients reported moderate satisfaction, and 3
of 31 (9.6%) reported no satisfaction. Prat et al.*’ re-
ported that 11/24 (46%) of patients reported satisfac-
tion with their treatment outcome.

Complications

In total, 1 of 350 (0.29%) patients experienced a
transient forearm dysesthesia in the lateral cutaneous
nerve of the forearm after implantation of the sub-
acromial balloon spacer. A total of 1 of 350 (0.29%)
procedures was complicated by superficial wound
infection at the surgical site, which resolved after a
course of antibiotics per orem, and 1 of 350 (0.29%)
procedures was complicated by a deep wound infection,
which was culture-negative and treated with 1 week of
intravenous antibiotics followed by 2 weeks of per orem
antibiotics. One patient with an increasingly painful
shoulder was found to have remnants of a deflated
InSpace Balloon with transformation to scar tissue in
the subacromial space on MRI. In total, 11 of 350
(3.14%) of procedures required reoperation, including
5 (1.42%) for InSpace Balloon migration, 1 (0.29%) for
synovitis, and 6 (1.71%) underwent reverse total
shoulder arthroplasty due to absence of clinical
improvement or worsening of symptoms at various
postoperative follow-up durations ranging from 6
weeks to 16 months. A total of 4 patients were found to
have synovitis on MRI at 3 years postimplantation, and
there was 1 shoulder dislocation at 6 weeks post-
operative secondary to an acute trauma.

Discussion

Our study results demonstrate that the use of sub-
acromial balloon spacers for the management of patients
with irreparable rotator cuff tears results in a significant
improvement in the following clinical outcome mea-
sures: TCS’7,25,26,38,3,40,41,44,4’5,4(),47,’53 OSS,26'42'47 and
ROM parameters such as mean shoulder abduction,
mean shoulder elevation, internal rotation, and external
rotation.?%>%40424445  Byrthermore, the clinical im-
provements in ASES, TCS, shoulder ROM, and patient
satisfaction associated with subacromial balloon spacer
use are comparable to those seen after management
with other treatments for massive, irreparable rotator
cuff tears such as subacromial debridement,”*”” biceps

tenotomy,”® partial rotator cuff repair,”’ >’ latissimus
dorsi transfer,” and reverse total shoulder arthro-
plasty."*"” In addition, the mean improvement of 33
points in TCS following placement of balloon spacer
significantly exceeds the minimal clinically important
difference threshold of 10.4 for TCS in patients with
rotator cuff tears.®’

The present findings are consistent with the systematic
reviews by Moon et al.”” and Stewart et al.,’’ which
demonstrated improvemet in ASES and TCS scores
associated with subacromial spacer use for the treatment
of massive, irreparable rotator cuff tears. However, this
systematic review was the first of its kind to analyze all
available data regarding biomechanical, clinical, and cost
outcomes as well as complications associated with sub-
acromial balloon spacer use for the surgical management
of massive, irreparable rotator cuff tears. Therefore, with
this present systematic review, we are able to demon-
strate that the use of subacromial balloon spacers for the
management of massive, irreparable rotator cuff tears
results in the improvement of shoulder function scores,
shoulder ROM testing, QALYs, and both kinematic and
kinetic biomechanical measures, all with minimal
complications.

It is worth noting that a majority of these studies
included interventions featuring subacromial balloon
implantation in addition to biceps tenotomy and 9.43%
(33/350) were performed in conjunction with partial ro-
tator cuff repair; therefore, the true effect of subacromial
balloon spacer use alone is not fully elucidated. Maman
et al.>” attempted to answer this question, as their study
demonstrated no difference in functional outcomes such
as TCS following placement of the balloon spacer both
with and without biceps tenotomy and Senekovic et al.*®
corroborated these findings in a group of 9 patients.
Malahias et al.*” and Holschen et al.”” both demonstrated
that balloon spacer implantation with concomitant partial
rotator cuff repair provided no significantimprovementin
clinical outcomes compared to balloon spacer placement
alone. In addition, Gervasi et al.” and Maman et al.”’
performed the balloon spacer implantation procedure
simply under fluoroscopic guidance with local anesthesia.
While such an approach may result in the missed op-
portunity to treat additional pathologies such as bursitis
and biceps tendinitis,”” the potential for decreased anes-
thesia requirement and reduced operative time’*>*'
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makes the subacromial balloon spacer a less-invasive but
equally effective option for the surgical management of
massive, irreparable rotator cuff tears.

The reasons for the clinical improvements with the
subacromial balloon spacer demonstrated in this study are
multifactorial. We were able to determine that placement
of a subacromial balloon spacer is able to effectively resist
superior humeral head migration.”*”" Several biome-
chanical studies are able to demonstrate that in the
cadaveric shoulder, the humeral head may superiorly
translate from 3.5 to 4.2 mm at 0 degrees of abduction
after a massive rotator cuff tear.”*’° Biomechanically, by
superiorly translating the humeral head, the deltoid
muscle, a muscle essential for shoulder ROM, is short-
ened. Therefore, by resisting superior humeral head
migration, placement of a subacromial balloon spacer is
able to restore both the native glenohumeral joint posi-
tion and the deltoid moment arm. This concomitant
restoration of joint position and deltoid function may be
the cause for the improved shoulder ROM and overall
function associated with the placement of subacromial
balloon spacer.

In addition, the placement of a subacromial balloon
spacer has been demonstrated to increase glenohumeral
contact pressure. In a cadaveric study, Lobao et al.**
2019 demonstrated that the placement of a balloon
spacer above a rotator cuff repair is associated with
significantly increased glenohumeral contact pressure at
0, 30, and 60° of abduction compared with repair alone.
This result further supports the ability of the subacromial
balloon spacer to restore native glenohumeral joint po-
sition and articulation. The subacromial balloon spacer is
also effective in decreasing peak subacromial pressure. In
a cadaveric study performed by Chevalier et al.,’' the
authors were able to demonstrate that the placement of
a subacromial balloon spacer above a repaired supra-
spinatus tear decreased both the mean and peak sub-
acromial pressure during passive ROM. Therefore,
placement of the subacromial balloon spacer could
theoretically be used to prevent retear of a primary
rotator cuff repair by reducing subacromial impingement
and injury to the repair during the rehabilitation process.

In addition to the clinical biomechanical benefits
illustrated, this systematic review demonstrates a finan-
cial benefit with the use of subacromial balloon spacers
for the management of patients with an irreparable ro-
tator cuff tear. Castagna et al.”” concluded that the use of
subacromial balloon spacers results in improved QALYs
in comparison with conservative treatment and both
arthroscopic partial rotator cuff tear and shoulder
arthroplasty. This is the only study of its kind, and
additional studies are required to validate the financial
benefit of using subacromial balloon spacers for irrepa-
rable rotator cuff tears.

One potential limitation of the use of subacromial
balloon spacers stems from the fact that it biodegrades.
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The subacromial balloon spacer is made of poly(L-lac-
tide-co-e-caprolactone), which is a biodegradable
material previously shown to degrade over a period of
12 months.®*°® Through ultrasonographic and MRI
evaluation, one study found that the balloon spacer was
barely detectable in about 50% of patients after
6 months and MRI in 19 patients confirmed total
biodegradation of the device within 3 years. However,
despite degradation of the device, implantation of the
balloon appears to have lasting effects on shoulder pain
and function scores even after 5-year follow-up.*®
Although the exact mechanism for persistent relief
beyond device degradation has not yet been fully
elucidated, it is possible that this benefit stems from
adaptation of muscle forces due to restoration of the
humeral head positioning or from a reduction in sub-
acromial inflammatory conditions such as bursitis or
synovitis due to the frictionless balloon surface while
the balloon is intact.’”

Like all implantable materials, there is a risk of local
foreign body response and local irritation, infection,
and inflammation with the subacromial balloon spacer.
Poly(L-lactide-co-ge-caprolactone) is not known to have
toxic properties,®* and review of the literature dem-
onstrates very few complications associated with im-
plantation of the subacromial balloon spacer in
humans.' 72628 40424548.53 A rodent study by Ramot
et al.® was notable for development of a fibrosarcoma
at the subcutaneous implantation site of 1 rodent. In a
5-year follow-up study, Senekovic et al.*® noted 2 pa-
tients with synovitis associated with slight deterioration
in shoulder function after implantation; however, there
was no baseline imaging for these patients, and it was
not felt to be possible to determine if these were truly a
device-related complication.

Limitations

The primary limitation of this study stems from the
low quality of evidence of the included studies. The
majority of included studies are retrospective and
without a control group, which make it difficult to draw
conclusions for clinical decision making in comparison
to other surgical interventions considered for massive
irreparable rotator cuff tears. Second, the methods for
determination of an irreparable rotator cuff tear were
heterogenous across included studies and largely relied
on the interpretation of each individual surgeon, thus
introducing observer bias. In 3 studies, funding was
provided by Ortho-Space Inc., the manufacturer of the
device under study. Furthermore, 2 biomechanical
studies consisted of researchers who are employees or
own stocks in the company.*®**°%°> In addition, the
length of follow-up of several studies was limited,
which precludes the comparison of long-term clinical
and cost-effectiveness between balloon spacers and
other surgical interventions for massive irreparable
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rotator cuff tears. Furthermore, generalizability of study
findings and study power are limited based on the small
sample size in each study. Eleven of the studies
included subacromial decompression and/or biceps
tenotomy in addition to implantation of a subacromial
balloon spacer, making it difficult to decipher which of
these interventions was most responsible for the re-
ported clinical outcomes. Finally, the clinical and
radiographic data assessment was performed across
multiple institutions and examiners, thereby intro-
ducing the potential for a measurement bias. However,
the reliability of these measurements was improved
through the use of validated assessment tools.

Conclusions

Existing literature of subacromial balloon spacers has
high risk of bias, lack of appropriate control, and low
level of evidence. A qualitative synthesis indicates that
subacromial balloon spacer implantation in patients
with massive irreparable rotator cuff tears is cost-
effective and leads to improved function (TCS and
0SS) and ROM. In cadaveric studies, subacromial
balloon spacers resisted superior humeral head migra-
tion and reduced subacromial pressure. The theoretical
risk of biodegradation of the balloon spacer has not
been substantiated in study of up to 5-year follow-up,
and the risk of complications from this procedure ap-
pears to be minimal.
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