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Abstract
Objectives: This study reports on cases of implanted biodegradable subacromial spacer (InSpace 
Balloon) in irreparable rotator cuff tears and aims to give guidelines for patient selection for 
implantation of subacromial spacer. We measured GH distance, range and strength of abduction and 
VAS, TCS and ASES scores of 29 patients before a surgery and after the implantation of subacromial 
spacer. History of previous shoulder surgeries (first vs. revision), condition of subscapularis (intact 
or irreparable vs. reparable) and condition of Long Head of the Biceps tendon (LHB), (tenotomy 
vs. tenodesis, previous tenotomy or rupture), and the need for subacromial decompression during 
surgery (yes vs. no) are considered in a sex-specific manner. Inferential statistics exposed factors 
that significantly influence the outcome of an operation. Additionally, we discuss radiologically and 
intraoperatively assessed condition of GH and AC arthrosis and the size of implanted balloon.

Patients: Our study included 29 patients (17 males, 12 females) that were treated in Orthopedic 
Hospital of Valdoltra (Slovenia) between January 2016 and October 2017. In all patients, we 
implanted biodegradable subacromial spacer (InSpace Balloon).

Methods: Statistical analysis was performed in R using WRS2 package [Mair, P., and Wilcox, R (2018). 
WRS2: Wilcox robust estimation and testing] for robust inferential statistics with no assumption of 
normality and homoscedasticity. The outcome of a surgery was assessed by GH distance, abduction 
range and strength, and VAS, TCS and ASES scores before and after implementation of a subacromial 
spacer.

Results: Abduction range of motion, strength, VAS, TCS and ASES scores showed significant 
differences in their values before and after the surgery. GH distance decreased from 8.6 before to 
8.1 after the surgery, but the difference was not significant. Patients were further split into groups 
with respect to their gender and factors that we hypothesized to be influential on the outcome of 
the surgery. Condition of subscapularis tendon, history of previous shoulder surgeries and the need 
for subacromial decompression during surgery showed significant influence on the outcome of a 
surgery; on the other hand, data does not provide support for the influence of the condition of 
subscapularis tendon.

Conclusion: Implantation of subacromial spacer is a safe and effective method for treatment of 
irreparable rotator cuff tears. Condition of subscapularis tendon, history of previous shoulder 
surgeries and the need for subacromial decompression should be considered before the surgery 
in a sex-specific manner as they significantly influence the outcome of the surgery with respect 
to various criteria. These factors could potentially be used to predict the outcome of the surgery, 
provide guidelines and implement a decision support system for patient selection for implantation 
of subacromial spacer. Overall, implantation of subacromial spacer in irreparable rotator cuff tears 
showed very good results with high patient satisfaction and pain relief.
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Introduction

The best surgical solution for irreparable Rotator Cuff (RC) tear is still a challenge. Massive 
irreparable RC tears are defined as tears ≥ 5 cm and/or two or more completely torn tendons 
involved. There are many options for repair (subacromial decompression and debridement, 
partial tendon repair, tendon transfer, reverse prosthesis…) but there are no definitive guidelines 
concerning the preferred method [1]. Every technique is not suitable for each and every patient 
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and patient expectations regarding outcome are different according 
to age, sex, and occupation and sport activities. In patients with 
irreparable RC tear some surgeons recommend reverse shoulder 
arthroplasty even in the absence of glenohumeral arthritis [2-4]. One 
option is implantation of biodegradable subacromial spacer (Inspace 
balloon) between the acromion and humeral head. Its effect by 
increasing Constant Score (CS), Range of Motion (ROM) and action 
on pain relief is known. Fast and non demanding operation gives 
comparable results to other more complex surgical interventions 
[5,6]. Patient's inclusion criteria for the implantation of subacromial 
spacer are still under debate. With this article we tried to predict the 
most appropriate patient selection for implantation of subacromial 
spacer in irreparable rotator cuff tears.

Materials and Methods
Study design

The study was approved by the hospital Ethical Committee. It was 
designed as a single center, prospective study to assess the best patient 
selection for implantation of subacromial spacer. All patients were 
voluntary included in the study. All subjects had persistent pain and 
functional disability for at least five months, had failure of conservative 
therapy and had imaging confirmation of RC tear by either CT or 
MR arthrography. All patients had at least one cycle of physiotherapy 
preoperatively and in 45% (13/29) of patients implantation of 
subacromial spacer was a revision procedure. Exclusion criteria 
included significant shoulder osteoarthritis (≥ grade III in the Hamada 
classification), shoulder infection or systemic immunosuppression. 
Final confirmation of RC tear, tendon involvement and reducibility 
was made during surgery. Condition of subscapularis tendon, Long 
Head of Biceps (LHB) tendon, glenohumeral arthrosis and the need 
for subacromial decompression was also assessed during surgery. 
The size of implanted balloon was measured. Patient's pain, range of 
motion, activities of daily living and shoulder strength were evaluated 
using Constant Score (CS) and ASES score before and after surgery 
at 3 and 6 months follow up. All patients had X-ray of affected 
shoulder in AP and Y projections preoperatively and postoperatively. 
Acromiohumeral distance, AC arthrosis and glenohumeral arthrosis 
according to Hamada classification were measured on X-ray.

Surgical technique
The implantation was performed utilizing arthroscopic shoulder 

procedure with the patient in general anesthesia and interscalene 
block in lateral decubitus position. All procedures were done by 

two experienced shoulder surgeons. At least 3 arthroscopic portals 
(posterior, anterior and lateral) were used for removal of subacromial 
bursa and debridement of the tear. In cases of massive immobile tear 
and poor quality tissue a decision was made to insert the subacromial 
spacer. The subacromial biodegradable spacer is a biocompatible 
and biodegradable balloon made of copolymer poly (L-lactide-co-
ε-caprolactone). It is arthroscopically implanted between acromion 
and humeral head. Some authors use fluoroscopy-guided insertion 
technique with patient in local anesthesia. In all shoulders the 
concomitant pathology was addressed if needed. To select the 
appropriate spacer size the subacromial space was measured using 
an arthroscopic probe between lateral acromion and 1 cm to 2 cm 
medial to glenoid rim at 12.00 o'clock position. Spacer was introduced 
through the lateral portal and inflated with saline solution as 
recommended by the manufacturer. After initial over inflation there 
was a small backflow of saline solution into syringe until the final 
volume was achieved. 3 small (40 mm × 50 mm) (10%), 18 medium 
(50 mm × 60 mm) (62%) and 8 large (60 mm × 70 mm) (28%) spacers 
were implanted all together. At the end of the procedure the shoulder 
was taken through a full range of motion to confirm the stability 
and proper placement of the implant. Last arthroscopic check was 
performed to verify that the spacer is in the right position and does 
not interfere with normal shoulder function. Postoperatively the 
arm was put in a sling for two weeks. During this two weeks forward 
flexion and abduction movements were limited to no more than 
60⁰, less if painful. Strengthening exercises were allowed after three 
months.

Patients
Our study included 29 patients (17 males, 12 females) with 

a mean (range) age 63.9 (53 to 78) years in males and 68.6 (50 to 
85) years in females (Figure 1). Patients were treated in Orthopedic 
Hospital of Valdoltra (Slovenia) between January 2016 and 
October 2017. Surgeries were performed by a single surgeon. The 
median follow-up time was 8.9 (6 to 18) months. In all patients, we 
implanted biodegradable subacromial spacer (In Space Balloon). 
The indication for surgery was irreparable rotator cuff, intact or 
reparable subscapularis and absence or mild glenohumeral arthrosis 
(Hamada I-II). Patients with osteoarthritis ≥ grade III in the Hamada 
classification were excluded. Figure 2 shows distribution of patient’s 
parameters that potentially influence the outcome of an operation, 
separately for each sex. Significant differences in distributions were 
observed for the history of previous shoulder surgeries (SurNum), 

 

50

60

70

80

F M
Patient age

Pt
Ag

e

Gender F M

Figure 1: Distribution of patients’ gender and age.
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condition of subscapularis (SubScap) and (LHB) tendon between 
both sexes.

Statistical analysis
Statistical analysis was performed in R using WRS2 package 

[Mair, P., and Wilcox, R (2018). WRS2: Wilcox robust estimation 
and testing] for robust inferential statistics with no assumption of 
normality and homoscedasticity. The outcome of a surgery was 
assessed by GH distance, abduction range of motion, strength, VAS, 
TCS and ASES scores before and after implantation of a subacromial 
spacer. The following inferential models were used to estimate the 
statistical significance at confidence level α=0.05. 

- A robust repeated measurements ANOVA using function 
rmANOVA was used to model within-subject effects (measurements 
before and after the surgery) and to estimate the statistical significance 
of a between-subject effect of a surgery.

- A mixed-effect linear regression model and between-within 
subjects ANOVA on the trimmed means using function bwtrim was 
used to model within-subject effects and to estimate the statistical 
significance of between-subject effects of a surgery, gender-related 

differences and their interaction.

- Furthermore, a mixed-effect linear regression model was 
used to model within-subject effects and between-subject effects of a 
surgery, individual factor of influence (SurNum, Subscap, LHB, SAD) 
and their interaction.

- A similar model was used to estimate the statistical 
significance of factors of influences in a gender-specific manner 
by combining the levels of individual factors and gender. For both 
models, the statistical significance of the effects was estimated using 
function bwtrim.

Results
Our study included 29 patients (17 males, 12 females) treated in 

our institution between January 2016 and October 2017. The mean 
patients’ age was 65 (50 to 85) years. The median follow-up time was 
8.9 (6 to 18) months. In all patients, a biodegradable subacromial 
spacer (InSpace Balloon) was implanted arthroscopically. The mean 
duration of symptoms prior to surgery was 24 (5 to 108) months 
with failure of conservative treatment. None of the patients required 
revision operation and there were none complications related to 
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Figure 2: Distribution of patients according to parameters that may influence the outcome of subacromial spacer implantation.
Red: Female; Blue: Male; SubScap: Condition of Subscapularis (I: Intact or Irreparable, R: Reparable); LHB: Condition of Subscapularis Tendon (T: Tenotomy, 
nT: Tenodesis, previous Tenotomy or Rupture); SurNum: History of Previous Shoulder Surgeries (F: First, RE: Revision); SAD: The Need for Subacromial 
Decompression during Surgery (No, Yes)

Outcome Surgery Min Max Mean SD Median IQR p-value

GH distance
Before 0 18 8.6 3.9 8.9 4.3

0.454
After 1 14 8.1 3.4 7.6 3.7

ASES
Before 10 57 28 12.8 25 13.3

0.00000829
After 12 93 58.2 23.2 59.9 31.6

TCS
Before 8 53 28.4 13.1 25 13

0.0000337
After 8 86 50.5 23.7 57 34

VAS
Before 4 10 7 1.3 7 2

0.0000119
After 0 8 3 2.5 3 5

Abduction range
Before 60 180 84.6 33.7 60 30

0.0014
After 60 180 122.1 48.3 120 97.5

Abduction strength
Before 0 4 1.8 1.4 2 3

0.0764
After 0 7 2.9 2.3 2.5 2.9

Table 1: GH distance, range and strength of abduction and VAS, TCS and ASES scores of 29 patients before a surgery and after the implantation of subacromial 
spacer.
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surgery. All patients successfully concluded the study. The surgical 
implantation of subacromial spacer was judged as fast and non-
demanding procedure by the surgeons.

Intraoperative associated lesions
During arthroscopy all the concomitant pathology was 

addressed if needed. In 13 cases (45%) subscapularis tendon was 
also repaired. In 14 cases (48%) biceps tenotomy was performed and 
in 1 case (3%) biceps tenodesis. In other cases biceps was already 
ruptured, tenotomised or tenodised. In 15 cases (52%) subacromial 
decompression was performed. In 13 cases (45%) implantation of 
subacromial spacer was a revision procedure.

Radiographic results
In 18 patients (62%) there was increase of acromiohumeral 

distance on X-ray after surgery and in 11 patients (38%) there was 
decrease of the same distance. On average there was decrease of 

acromiohumeral distance for 0.5 mm from 8.6 mm prior to surgery 
to 8.1 mm after surgery. Condition of the LHB tendon (ruptured, 
tenodised), condition of subscapularis tendon (intact, ruptured), 
type of surgery (primary or revision procedure) and concomitant 
subacromial decompression during surgery did not significantly 
influence on acromiohumeral distance postoperatively. X-ray 
measurements were done by a single shoulder surgeon.

Statistical analysis
Abduction range and strength, VAS, TCS and ASES scores 

showed significant differences in their values before and after the 
surgery (Table 1); no significant gender-specific effects or surgery-
gender interactions were observed. The mean ASES score before 
surgery was 28.0 and after surgery 58.2. The mean TCS score before 
surgery was 28.4 and after surgery 50.5. The mean decrease of pain 
according to VAS score was from 7.0 before to 3.0 after surgery. We 
found increase in range of abduction (from 84.6 to 122.1 degrees) and 

 

Figure 3: Abduction strength before and after the surgery. Mean (left) and individual profiles separated by gender (middle) and condition of subscapularis tendon 
(right).
nT/T: Tenodesis, previous tenotomy or rupture/tenotomy; F/M: Female/Male

 

 

Figure 4: VAS scores before and after the surgery (top) and their differences between post- and pre-operation (bottom). Mean (left) and individual profiles 
separated by gender (middle) and history of previous surgeries (right). F/RE: First/Revision Surgery; F/M: Female/Male
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increase in strength of abduction (from 1.8 kg to 2.9 kg) after surgery. 
GH distance decreased from 8.6 before to 8.1 after the surgery, but 
the difference was not significant. Patients were further split into 
groups with respect to their gender and factors that we hypothesized 

to be influential on the outcome of the surgery. Condition of 
subscapularis tendon, history of previous shoulder surgeries and 
the need for subacromial decompression during surgery showed 
significant influence on the outcome of a surgery; on the other hand, 

 

 

Figure 5: VAS scores before and after the surgery (top) and their differences between post- and pre-operation (bottom). Mean (left) and individual profiles 
separated by gender (middle) and the need for subacromial decompression (right).
No/Yes: The need for subacromial decompression; F/M: Female/Male.

 

 

Figure 6: Abduction range before and after the surgery (top) and their differences between post- and pre-operation (bottom). Mean (left) and individual profiles 
separated by gender (middle) and the need for subacromial decompression (right).
No/Yes: The need for subacromial decompression; F/M: Female/Male
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data does not provide support for the influence of the condition of 
subscapularis.

Condition of subscapularis tendon
Condition of subscapularis tendon significantly influences 

abduction strength in a non-gender specific manner. Abduction 
strength was overall (i.e. pre- and post-operationally) higher if 
tenotomy was performed in comparison with a group of patients with 
tenodesis, previous tenotomy or rupture (Figure 3). Interestingly, 
though not significant, improvement in abduction strength was most 
prominent for males if tenotomy was performed (1.83) as well as for 
females if no tenotomy was performed (1.75) in comparison to males 
w/o tenotomy (0.63) and females with tenotomy (0.86).

History of previous shoulder surgeries 
History of previous shoulder surgeries exposed significant 

gender-specific influence on VAS score. The decrease of VAS was 
most prominent for the group of females after a revision surgery 
(mean score difference of 7.5), while 4.2 was recorded for males in 
comparison to 3.2 and 3.6 after a first surgery for females and males, 
respectively (Figure 4).

The need for subacromial decompression
The need for subacromial decompression exposed significant 

non-gender-specific influence on VAS score (Figure 5). The decrease 
of VAS after a surgery with no need for subacromial decompression 
(4.36) was significantly larger in comparison to surgeries requiring a 
decompression (3.57). Important (though not statistically significant) 
sex-specific differences were also observed (Figure 5 bottom left): A 
prominent influence of subacromial decompression on VAS score 
was observed in females (decompression decreases VAS from 5.17 
to 2.6), but not in males (decompression increases VAS from 3.75 
to 4.11). The need for subacromial decompression also exposed 
significant non-gender-specific influence on abduction range (Figure 
6). The increase of abduction range after a surgery with subacromial 
decompression was significantly larger (42.9) in comparison to 
surgeries requiring no decompression (32.1). Important (though not 
statistically significant) sex-specific differences were also observed 
(Figure 6 bottom left): Subacromial decompression prominently 
increases abduction range in males (from 30 to 46.7), but not in 
females (from 35 to 36).

Discussion
RC tears are one of the most frequent pathologies in the 

shoulder and incidence increases with age. After 60 years of age 
every second person has a torn RC. Tears can spread from partial 
to full thickness. The severity of a tear is not in direct correlation 
with patient symptoms and clinical exam. Painless and normally 
functioning shoulder can be present in association with massive 
irreparable RC tear. On the other hand small partial avulsion of the 
RC tendon (PASTA) may have important functional implications 
and dramatically affect the patient's quality of life [7-10]. When 
tendon retraction and its dimension makes repair impossible we 
talk about irreparable tear. The tear cannot be repaired even if we 
use intraoperative tissue mobilization and release techniques [11]. 
Predicting the RC tear reparability and healing rate is crucial for 
preoperative patient selection and operative technique. Primarily 
imaging characteristics can partially predict RC tear reparability. 
Patte classification of tendon retraction, Goutallier CT classification 
of fatty muscular degeneration and Thomazeau MRI muscle belly 
atrophy classification are the most common used ones [9,10]. Some 

MRI and CT irreparable tears may be amenable to completely or at 
least partially repair with correct surgical technique. According to 
some authors approximately 90% of primary apparently irreparable 
RC tears can be repaired with good release and appropriate surgical 
technique [8]. Even if we are able to reach the footprint of such torn 
tendon we have to take in account possible biological cause of repair 
failure such as: Fatty muscle infiltration, previous operations, surface 
of tendon to bone contact, grade of chondral tendon metaplasia, 
neoangiogenetic tendon potential, and age of patient and smoking 
habits. According to this information's we should change the concept 
of reparability to concept of 'appropriateness of repair' [12].

What surgical options we have today to deal with irreparable RC 
tears?

•	 Debridement,	 subacromial	 decompression	 and	 tenotomy	
of long head of biceps tendon

•	 Partial	repair

•	 Superior	capsule	reconstruction

•	 Latissimus	dorsi	transfer

•	 Reverse	shoulder	replacement

•	 Subacromial	biodegradable	spacer-InSpace	balloon

Debridement, subacromial decompression and tenotomy of long 
head of biceps tendon.

Tear margin can be a source of pain. Chronic inflammatory 
cells, dystrophic calcifications and other inflammatory reactions 
sequela is seen on tendon tear margin. Removal of this tissue may 
decrease pain [13]. Subacromial decompression is indicated when we 
have a protrusion of lower bone surface that can irritate or damage 
underlying tendons. Acromioplasty, with resection of coracoacromial 
ligament, alters the coracoacromial arch and may cause upper ward 
migration of the humeral head. Decompression must not be a 
standard procedure in irreparable RC debridement [14]. Flattened, 
degenerated and inflamed biceps tendon is often seen in patients with 
massive RC tears. This can be a cause of pain. Patients with chronic RC 
tears who had a spontaneous rupture of Long Head of Biceps Tendon 
(LHB) had pain relief. Walch made a study on 307 patients with RC 
tears where he observed improvement in constant score from 49 to 68 
after biceps tenotomy. 87% of patients were satisfied or very satisfied 
after that procedure [15]. Debridement, subacromial decompression 
and tenotomy of long head of biceps tendon may reduce pain without 
improving strength and function of the shoulder. Despite the generally 
good clinical results, significant narrowing of the acromiohumeral 
distance and a progression of radiologic osteoarthritis after surgery 
have been described. The results reported in some studies must be 
interpreted with caution [16].

Partial RC tear repair
The procedure that involves the restoration of the cables involved 

in force transmission and force couples around the shoulder was 
first introduced by Burkhart et al. in 1993 [17]. He introduced the 
biomechanical concept of “suspension bridge” in the rotator cuff and 
hypothesis of the functional RC which led to the rationale for partial 
repair of the RC tear. In massive RC tears where a complete RC repair 
is not possible a partial balanced rotator cuff repair is the goal. In this 
situation it is important to restore the anterior and posterior rotator 
cable attachments which are the upper subscapularis tendon and the 
infraspinatus tendon [18]. These two tendons must be restored to 
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achieve balance between the transverse couples of the shoulder. The 
vast majority of irreparable RC tears have an anterior and/or posterior 
extension that affects the transverse couples [19]. In partial RC tear 
repair has to include all of subscapularis tendon as well as inferior half 
of infraspinatus as a minimum. If this is achieved a stable fulcrum and 
balanced transverse forces for physiologic shoulder kinematics are 
restored. Biceps tenotomy and acromioplasty are usually performed 
as well [19]. Burkhart obtained an improvement of forward flexion, 
strength and improved UCLA score in his series of 14 patients [17]. 
Duralde and Blair had similar results and improvement of the ASES 
score [20].

Superior capsular reconstruction
The shoulder capsule is an important static stabilizer of the 

glenohumeral joint [21]. Because it attaches to a large area of greater 
tuberosity, it is often concomitantly torn with rotator cuff tears [22]. 
Superior capsular defects increase glenohumeral translation in all 
directions [21]. Superior capsular reconstruction works by providing 
the glenohumeral joint with a passive constraint to superior humeral-
head translation and improve shoulder kinematics by anatomically 
replacing the superior capsule, optimizing the otherwise dysfunctional 
rotator cuff force. It has been shown that reconstruction of a superior 
capsule with a collagen graft attached medially to the superior glenoid 
and laterally to the greater tuberosity, restores superior translation 
to physiological conditions [23]. For repair it is possible to use 
fascia lata autograft or a human acellular dermal patch allograft. 
Despite its rapid growth in popularity and several biomechanical 
studies evaluating the technique, clinical outcome literature for 
superior capsular reconstruction remains limited to date. It may be 
a reasonable treatment option in younger patients with irreparable 
posterosuperior rotator cuff tears wishing to avoid tendon transfer or 
reverse total shoulder arthroplasty [24].

Latissimus dorsi transfer
Latissimus Dorsi Tendon Transfer (LDTT) was first introduced by 

Gerber et al in 1988 [25]. The procedure involves transfer of latissimus 
dorsi tendon from its insertion on anteromedial humeral neck to 
the greater tuberosity. This transposition converts muscle’s internal 
rotation and extension forces into external rotation and flexion forces 
and optimizes the deltoid muscle’s function about the shoulder joint 
[26]. It has been shown that LDTT decrease pain and restore elevation 
and external rotation in patients with posterosuperior rotator cuff 
tears with loss of supraspinatus and infraspinatus function [27,28]. 
For the LDTT it is required that the subscapularis tendon is intact or 
reparable, that deltoid function is normal and there is limited or absent 
omarthrosis [29,30]. At the beginning this was open procedure and 
as arthroscopic skills and techniques have advanced, arthroscopic-
assisted LDTT is more frequently used [30,31]. The procedure can 
now also be done as fully arthroscopically. With arthroscopic-assisted 
LDTT there is less damage to deltoid muscle with less postoperative 
pain and quicker rehabilitation and the procedure is warranted as safe 
and with low risk of complications [32,33]. According to Valenti et 
al. the results of LDTT were significantly better according to range of 
motion and strength when this procedure was combined with partial 
repair of infraspinatus [34].

Reverse shoulder replacement
The Reverse Shoulder Arthroplasty (RSA) is an arthroplasty where 

by medialization and distalization of glenohumeral joint's center of 
rotation the tension and strength of deltoid muscle is increased. It 
is proven that this procedure can restore shoulder function [35-37]. 

Arthroplasty is an option for treating patients with irreparable RC 
tears. In the last decade the number of RSA increased exponentially. 
Instability, infection, humeral loosening and glenoid loosening are 
the main reasons for revision. Revision rate is between 10% to 50%, 
depending on the surgeon experience. At 15 years the survival rate for 
RSA is between 70% to 80% [38]. RSA is still a salvage procedure for 
younger patients due to high risk of complications and failure [39,40].

Subacromial biodegradable spacer-InSpace balloon
Patients with massive RC tears sometimes progressively develop 

the ability to compensate functional deficit of the shoulder without 
any intervention [41]. With introduction of Inspace balloon in 
subacromial space normal shoulder biomechanics is enabled by 
restoring normal gliding of glenohumeral joint. There is also decrease 
of pain. Patients can rapidly adopt this ‘compensatory behavior’. With 
this behavior they develop chronic compensated and asymptomatic 
shoulder with RC tear that is sustained also after biodegradation of 
the spacer. It should biodegrade over a period of 12 months [42-
45]. In rabbits the formation of mature connective tissue around the 
spacer with no signs of active inflammation was seen [5]. Normal 
function of subscapularis is crucial for good outcome after balloon 
insertion. Ruptured subscapularis, even only his upper third, alters 
biomechanics of the shoulder by antero-superior subluxations of 
the humeral head due to dysfunction of RC cable significantly [46-
49]. Upper part of subscapularis enhances abduction. On the axial 
plane it balances the activity of infraspinatus and teres minor. On 
the coronal plane it opposes the upward migration caused by deltoid 
contraction [50]. Intact or reparable subscapularis is important 
in shoulder biomechanics and together with restoration of normal 
gliding and pain reduction, associated with Inspace implantation, 
increases active shoulder ROM. Severe dysfunction of external 
rotators also creates a disbalance between anterior and posterior RC. 
That is why absence or dysfunction of infraspinatus and teres minor, 
with positive Hornblower sign, is a contraindication to balloon 
insertion. As known from previous studies pseudoparalysis is also 
a contraindication for subacromial spacer insertion [45]. Deltoid is 
the most important muscle for glenohumeral motion in RC deficient 
shoulder. In case of massive RCT, with loss of stabilization and 
centralization activity of the cuff, deltoid contraction may lead to 
anteriosuperior humeral head translation and subluxation [51]. With 
subacromial spacer, due to restoration of normal gliding and decrease 
of pain, with functional subscapularis and teres minor, we create a 
fulcrum on which the deltoid can lever to elevate the arm. According 
to the manufacturer of the subacromial spacer InSpaceTM Balloon 
System (Orthospace, Caesarea, Israel) the indications for insertion 
are massive irreparable RC tear, intact or reparable subscapularis, 
absence or mild GH arthrosis (Hamada I-II), negative Hornblower 
sign with absence of complete insufficiency of external rotators, 
absence of pseudo paralysis, intact coracoacromial ligament, absence 
of allergy to material, absence of infection, intact axillary nerve and 
deltoid sufficiency and no high demand patients due to low strength 
increase.

Our results
In our study there was significant increase in ASES and TCS 

score, increase in range of abduction and strength of abduction and 
decrease of pain according to VAS score after surgery. In more than 
half of the procedures subacromial decompression was also performed 
(52%). In these procedures we did only bony decompression without 
a release of Coraco-Acromial (CA) ligament. On average there 
was increase of ASES and TCS scores in both subgroups (with and 
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without decompression) and the difference before and after surgery 
was statistically significant. In recent studies it has been shown that 
balloon insertion alone comparing to debridement and subacromial 
decompression in massive RC tears achieved better improvement 
in ASES and TCS score at 22 months follow up [43]. We inserted 
subacromial balloon to all of our patients and we added subacromial 
decompression in more than half of the cases. In our study average 
follow up time was only 8, 9 (4 to 18) months. Maybe at longer follow 
up there would be a difference between patients with and without 
subacromial decompression regarding ASES and TCS score. To date 
there are not any long term studies comparing balloon insertion 
alone to balloon insertion with debridement and subacromial 
decompression in massive RC tears. Regarding acromiohumeral 
distance measurements on X-ray before and at last follow up 
we found a decrease of acromiohumeral distance for 0.5 mm on 
average in both subgroups but the difference was not statistically 
significant. Implantation of spacer helps to keep the humeral head 
centered during dynamic movements and opposes static superior or 
anterosuperior migration of the humeral head [45]. CA ligament also 
passively restricts upward displacement of the humeral head [52-54]. 
Implantation of balloon in patients after subacromial decompression 
and release of CA ligament may lead to anterosuperior subluxation 
of glenohumeral joint, loss of central fulcrum of the joint and 
inefficiency of the spacer. In such patients we could expect worse 
results. In our study we did not release CA ligament and this might be 
a reason why we had comparable results between this subgroups. In 
almost half of the procedures (48%) biceps tenotomy was performed 
and in 1 case (3%) biceps tenodesis. In other cases biceps was already 
ruptured, tenotomised or tenodised. Maman et al. [44] showed that 
LHB tenotomy in association with spacer implantation for massive 
RC tears did not influence the final functional outcome comparing 
to spacer implantation alone [44]. In our study there was average 
increase of ASES and TCS score in both subgroups and the difference 
before and after surgery was statistically significant. Deranlot et al. [55] 
in his study showed that mean acromiohumeral distance significantly 
decreased from 8.2 mm to 6.2 mm and preoperative spontaneous 
rupture of LHB did not influence significantly on acromiohumeral 
distance postoperatively with arthroscopic implantation of a 
biodegradable subacromial spacer at three years follow up. [55] 
In our study there was also average decrease of acromiohumeral 
distance according to X-ray measurements although our average 
measured distances (0.5 mm) were smaller than those measured by 
Deranlot et al. [55] (2.1 mm). Comparing subgroups of patients with 
tenotomy during surgery and patients who already had tenotomy, 
tenodesis or spontaneous rupture there was on average small decrease 
of acromiohumeral distance in patients with tenotomy and very small 
increase in the other subgroup but the difference was not statistically 
significant. Our follow up time was shorter and maybe we could 
expect some different measurements at longer follow up. The images 
were taken by different radiological technicians with probability of 
different X-ray angles during imaging but the cause might also be 
surgeon's inexperience regarding X-ray readings. In almost half of the 
procedures (45%) subscapularis tendon was also repaired. In other 
cases subscapularis tendon was intact. We already know that intact 
or reparable subscapularis is important in shoulder biomechanics 
and together with restoration of normal gliding and pain reduction, 
associated with Inspace implantation, increases active shoulder 
ROM. Other important aspects of subscapularis integrity were 
described earlier. In these subgroups of patients we found statistically 
significant difference before and after surgery according to ASES 

score in both subgroups and according to TCS score in a group of 
intact subscapularis. But we found marginally significant difference 
according to TCS score in a subgroup of repaired subscapularis. TCS 
score mainly consists of measurements of shoulder movements and 
ASES score on measuring patients difficulties using his hand in daily 
living. Perhaps this different type of measurements according to both 
functional scores influenced on final result. Maybe this difference 
would become also statistically significant with longer follow up time 
after good healing of subscapularis, better motion and better strength 
of the shoulder. In this subgroup of patients we also find small average 
decrease of acromiohumeral distance but the difference was not 
statistically significant. In our study in 45% of patients implantation 
of subacromial spacer was a revision procedure. There is a lot of 
articles about revision shoulder procedures having worse outcome 
results than primary one. In a retrospective study done by Shields 
et al. patients with previous rotator cuff repair had lower functional 
and subjective outcome scores after RTSA compared with patients 
with no history of shoulder surgery who undergo RTSA [56]. In our 
study there was average increase of ASES and TCS score in both 
subgroups and the difference before and after surgery was statistically 
significant. We also found bigger decrease of acromiohumeral 
distance postoperatively in patients with primary surgery comparing 
to a revision procedure. In a revision procedure there was actually 
no difference in acromiohumeral distance before and after surgery. 
This might be because there is already some humeral head upward 
migration before surgery and lesser depression of humeral head could 
be achieved with subacromial spacer insertion. Castricini et al. [46] 
showed an improvement in TCS score from 35.5 to 69.5 points with 
arthroscopically assisted transfer of the LDT for the posterosuperior 
RC tear. These results are comparable to ours with improvement 
from 28.5 to 50.5 point postoperatively. Indications for LDTT are 
also deficit of ER with positive Lag sign which is a contraindication 
for implantation of subacromial spacer. With LDTT patients feel 
increasing strength of the shoulder [47]. In our study the increase of 
strength after the implantation of silastic implant was minimal (from 
1.75 kg to 2.86 kg). We also found increase in range of abduction 
(from 84, 64 to 122, 14 degrees). Preoperative range of motion is 
important aspect in patient selection. With better preoperative range 
of motion we can expect better postoperative range of motion. The 
mean decrease of pain according to VAS score was from 6.96 before 
to 3 after surgery.

Limitations
There are some limitations of our study. This is a retrospective 

and single center study with limited number of patients. There is also 
a very short follow up time. Maybe with longer follow up time and 
higher number of patients results would be different. Indication for 
subacromial spacer implantation was determined by the surgeon by 
inability to perform RC tear repair even with intraoperative tissue 
mobilization and release techniques. Both surgeons are experienced 
in shoulder surgery but we have to take into account surgeon's bias 
in decision making. Clinical data assessment was performed by two 
surgeons and radiological data and X-ray measurements were done 
by a surgeon and not radiologist. Images were taken by different 
radiological technicians with probability of different X-ray angles 
during imaging. This could all be a reason for different measures of 
acromiohumeral distance before and after surgery. In almost half 
of our patients (13/29) implantation of subacromial spacer was a 
revision procedure which could also influence the final functional 
outcome.
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Conclusion
Implantation of subacromial spacer is a safe and effective 

method for treatment of irreparable rotator cuff tears. According to 
our study the best candidates for subacromial spacer implantation 
are patients with massive irreparable RC tear without significant 
osteoarthritis (Hamada II or less) and intact subscapularis. Patients 
with reparable subscapularis might have some problems with small 
deficit of range motion after surgery. The condition of LHB tendon 
is not relevant for the final outcome. Subacromial decompression as 
a concomitant procedure is not necessary and we do recommend to 
implant subacromial spacer also in a revision surgery. Respecting all 
limitations we believe that implantation of subacromial spacer gives 
very good results with high patient satisfaction and pain relief.

References
1. Sheean AJ, Hartzler RU, Burkhart SS. Massive rotator cuff lesion: 

Arthroscopic repair. Latissimus Dorsi Transfer, 2017-Springer.

2. Cuff D, Pupello D, Virani N, Levy J, Frankle M. Reverse shoulder 
arthroplasty for the treatment of rotator cuff deficiency. J Bone Joint Surg 
Am. 2008;90(6):1244-51.

3. Boileau P, Gonzalez J-F, Chuinard C, Bicknell R, Walch G. Reverse total 
shoulder arthroplasty after failed rotator cuff surgery. J Shoulder Elbow 
Surg. 2009;18(4):600-6.

4. Mulieri P, Dunning P, Klein S, Pupello D, Frankle M. Reverse shoulder 
arthroplasty for the treatment of irreparable rotator cuff tear without 
glenohumeral arthritis. J Bone Joint Surg Am. 2010;92(15):2544-56.

5. Senekovic V, Poberaj B, Kovacic L, Mikek M, Adar E, Dekel A. Prospective 
clinical study of a novel biodegradable sub-acromial spacer in treatment 
of massive irreparable rotator cuff tears. Eur J Orthop Surg Traumato. 
2013;23(3):311-6.

6. Rosa D, Balato G, Ciaramella G, Donato SD, Auletta N, Andolfi C. 
Treatment of massive irreparable rotator cuff tears through biodegradable 
subacromial InSpace Balloon. BMC Surgery. 2013;13:43.

7. Gervasi E, Cautero E, Dekel A. Fluoroscopy-guided implantation of 
subacromial “Biodegradable Spacer” using local anesthesia in patients with 
irreparable rotator cuff tear. Arthrosc Tech. 2014;3(4):455-8.

8. Burkhart SS, Barth JR, Richards DP, Zlatkin MB, Larsen M. Arthroscopic 
repair of massive rotator cuff tears with stage 3 and 4 fatty degeneration. 
Arthroscopy. 2007;23(4):347-54.

9. Warner JJ.  Management of massive irreparable rotator cuff tears: The role 
of tendon transfer. Instr Course Lect. 2001;50:63-71.

10. Kissenberth MJ, Rulewicz GJ, Hamilton SC, Bruch HE, Hawkins RJ. 
A positive tangent sign predicts the repairability of rotator cuff tears. J 
Shoulder Elbow Surg. 2014;23(7):1023-7.

11. Rockwood CA Jr, Williams GR Jr, Burkhead WZ Jr. Debridement of 
degenerative, irreparable lesions of the rotator cuff. J Bone Joint Surg Am. 
1995;77(6):857-6.

12. Gervasi E, Cautero E, Tancredi G. Rotture della cuffia dei rotatori:transfer 
tendinei con technica arthroscopica. Artroscopia base ed avvanzata. CIC 
edizioni Internazionali. 69:559-66

13. Gumina S, Di Giorgio G, Bertino A, Rocca CD, Sardella B, Postacchini 
F. Inflammatory infiltrate of the edges of a torn rotator cuff. Int Orthop. 
2006;30(5):371-4.

14. Burkhart SS. Arthroscopic treatment of massive rotator cuff tears. Clinical 
results and biomechanical rationale. Clin Orthop Relat Res. 1991;(267):45-
56.

15. Walch G, Edwards TB, Boulahia A, Nové-Josserand L, Neyton L, Szabo I. 
Arthroscopic tenotomy of the long head of the biceps in the treatment of 

rotator cuff tears: Clinical and radiographic results of 307 cases. J Shoulder 
Elbow Surg. 2005;14(3):238-46.

16. Hawi N, Schmiddem U, Omar M, Stuebig T, Krettek C, Petri M, et al. 
Arthroscopic debridement for irreparable rotator cuff tears. Open Orthop 
J. 2018;12:1874-3250.

17. Burkhart SS, Esch JC, Jolson RS. The rotator crescent and rotator cable: An 
anatomic description of the shoulder's "suspension bridge". Arthroscopy. 
1993;9(6):611-6.

18. The Cowboy's Companion. A trail guide for the arthroscopic shoulder 
surgeon. In: Burkhart SS, Lo I, Brady PC, Patrick J, editors. Denard. 
Lippincott Williams & Wilkins, Philadelphia (2012).

19. Rotator Cuff Tear: Pathogenesis, evaluation and treatment; Gumina, 
Stefano. 2017.

20. Duralde XA, Bair B. Massive rotator cuff tears: The result of partial rotator 
cuff repair. Shoulder Elbow Surg. 2005;14(2):121-7.

21. Ishihara Y, Mihata T, Tamboli M, Nguyen L, Park KJ, McGarry MH, 
et al. Role of the superior shoulder capsule in passive stability of the 
glenohumeral joint. J Shoulder Elbow Surg. 2014;23(5):642-8.

22. Mihata T, Lee TQ, Watanabe C. Clinical results of arthroscopic superior 
capsule reconstruction for irreparable rotator cuff tears. Arthroscopy. 
2013;29(3):459-70.

23. Mihata T, Mc Garry MH, Pirolo JM, Kinoshita M, Lee TQ. Superior 
capsular reconstruction to restore superior stability in irreparable 
rotator cuff tears: A biomechanical cadaveric study. Am J Sports Med. 
2012;40(10):2248-55.

24. Petri M, Greenspoon JA, Millett PJ. Arthroscopic superior capsule 
reconstruction for irreparable rotator cuff tears. Arthrosc Tech. 
2015;4(6):e751-5.

25. Gerber C, Vinh TS, Hertel R, Hess CW. Latissimus dorsi transfer for the 
treatment of massive tears of the rotator cuff: A preliminary report. Clin 
Orthop Relat Res. 1988:(232):51-61.

26. Burkhart SS. Arthroscopic treatment of massive rotator cuff tears: Clinical 
results and biomechanical rationale. Clin Orthop Relat Res. 1991;(267):45-
56.

27. Grimberg J, Kany J, Valenti P, Amaravathi R, Ramalingam AT. 
Arthroscopic-assisted latissimus dorsi tendon transfer for irreparable 
posterosuperior cuff tears. Arthroscopy. 2015;31(4):599-607.

28. Pearsall AW, Madanagopal SG, Karas SG. Transfer of the latissimus dorsi 
as a salvage procedure for failed debridement and attempted repair of 
massive rotator cuff tears. Orthopedics. 2007;30(11):943-9.

29. Kanatli U, Özer M, Ataoğlu MB, Öztürk BY, Gül O, Çetinkaya M, et 
al. Arthroscopic-assisted latissimus dorsi tendon transfer for massive, 
irreparable rotator cuff tears: Technique and short-term follow-up of 
patients with pseudoparalysis. Arthroscopy. 2017;33(5):929-37.

30. Paribelli G, Boschi S, Randelli P, Compagnoni R, Leonardi F, Cassarino 
AM. Clinical outcome of latissimus dorsi tendon transfer and partial cuff 
repair in irreparable postero-superior rotator cuff tear. Musculoskelet 
Surg. 2015;99(2):127-32.

31. De Casas R, Lois M, Cidoncha M, Valadron M. Clinic and electromyographic 
results of latissimus dorsi transfer for irreparable posterosuperior rotator 
cuff tears. J Orthop Surg Res. 2014;9:83.

32. Gumina S, Di Giorgio G, Perugia D, Postacchini F. Deltoid detachment 
consequent to open surgical repair of massive rotator cuff tears. Int 
Orthop. 2008;32(1):81-4.

33. Weening AA, Willems WJ. Latissimus dorsi transfer for treatment of 
irreparable rotator cuff tears. Int Orthop. 2010;34(8):1239-44.

34. Valenti P, Reinares F, Maroun C, Choueiry J, Werthel JD. Comparison of 
arthroscopically assisted transfer of the latissimus dorsi with or without 

https://pubmed.ncbi.nlm.nih.gov/18519317/
https://pubmed.ncbi.nlm.nih.gov/18519317/
https://pubmed.ncbi.nlm.nih.gov/18519317/
https://pubmed.ncbi.nlm.nih.gov/19481959/
https://pubmed.ncbi.nlm.nih.gov/19481959/
https://pubmed.ncbi.nlm.nih.gov/19481959/
https://pubmed.ncbi.nlm.nih.gov/21048173/
https://pubmed.ncbi.nlm.nih.gov/21048173/
https://pubmed.ncbi.nlm.nih.gov/21048173/
https://pubmed.ncbi.nlm.nih.gov/23412287/
https://pubmed.ncbi.nlm.nih.gov/23412287/
https://pubmed.ncbi.nlm.nih.gov/23412287/
https://pubmed.ncbi.nlm.nih.gov/23412287/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3847275/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3847275/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3847275/
https://pubmed.ncbi.nlm.nih.gov/25264508/
https://pubmed.ncbi.nlm.nih.gov/25264508/
https://pubmed.ncbi.nlm.nih.gov/25264508/
https://pubmed.ncbi.nlm.nih.gov/17418325/
https://pubmed.ncbi.nlm.nih.gov/17418325/
https://pubmed.ncbi.nlm.nih.gov/17418325/
https://pubmed.ncbi.nlm.nih.gov/11372361/
https://pubmed.ncbi.nlm.nih.gov/11372361/
https://pubmed.ncbi.nlm.nih.gov/24929744/
https://pubmed.ncbi.nlm.nih.gov/24929744/
https://pubmed.ncbi.nlm.nih.gov/24929744/
https://pubmed.ncbi.nlm.nih.gov/7782358/
https://pubmed.ncbi.nlm.nih.gov/7782358/
https://pubmed.ncbi.nlm.nih.gov/7782358/
https://pubmed.ncbi.nlm.nih.gov/16601984/
https://pubmed.ncbi.nlm.nih.gov/16601984/
https://pubmed.ncbi.nlm.nih.gov/16601984/
https://pubmed.ncbi.nlm.nih.gov/2044292/
https://pubmed.ncbi.nlm.nih.gov/2044292/
https://pubmed.ncbi.nlm.nih.gov/2044292/
https://pubmed.ncbi.nlm.nih.gov/15889020/
https://pubmed.ncbi.nlm.nih.gov/15889020/
https://pubmed.ncbi.nlm.nih.gov/15889020/
https://pubmed.ncbi.nlm.nih.gov/15889020/
https://pubmed.ncbi.nlm.nih.gov/27708734/
https://pubmed.ncbi.nlm.nih.gov/27708734/
https://pubmed.ncbi.nlm.nih.gov/27708734/
https://pubmed.ncbi.nlm.nih.gov/8305096/
https://pubmed.ncbi.nlm.nih.gov/8305096/
https://pubmed.ncbi.nlm.nih.gov/8305096/
https://books.google.co.in/books/about/The_Cowboy_s_Companion.html?id=UV2lioWLscoC&redir_esc=y
https://books.google.co.in/books/about/The_Cowboy_s_Companion.html?id=UV2lioWLscoC&redir_esc=y
https://books.google.co.in/books/about/The_Cowboy_s_Companion.html?id=UV2lioWLscoC&redir_esc=y
https://www.springer.com/gp/book/9783319333540
https://www.springer.com/gp/book/9783319333540
https://pubmed.ncbi.nlm.nih.gov/15789003/
https://pubmed.ncbi.nlm.nih.gov/15789003/
https://pubmed.ncbi.nlm.nih.gov/24388150/
https://pubmed.ncbi.nlm.nih.gov/24388150/
https://pubmed.ncbi.nlm.nih.gov/24388150/
https://pubmed.ncbi.nlm.nih.gov/23369443/
https://pubmed.ncbi.nlm.nih.gov/23369443/
https://pubmed.ncbi.nlm.nih.gov/23369443/
https://pubmed.ncbi.nlm.nih.gov/22886689/
https://pubmed.ncbi.nlm.nih.gov/22886689/
https://pubmed.ncbi.nlm.nih.gov/22886689/
https://pubmed.ncbi.nlm.nih.gov/22886689/
https://pubmed.ncbi.nlm.nih.gov/27284506/
https://pubmed.ncbi.nlm.nih.gov/27284506/
https://pubmed.ncbi.nlm.nih.gov/27284506/
https://pubmed.ncbi.nlm.nih.gov/3383502/
https://pubmed.ncbi.nlm.nih.gov/3383502/
https://pubmed.ncbi.nlm.nih.gov/3383502/
https://pubmed.ncbi.nlm.nih.gov/2044292/
https://pubmed.ncbi.nlm.nih.gov/2044292/
https://pubmed.ncbi.nlm.nih.gov/2044292/
https://pubmed.ncbi.nlm.nih.gov/25498458/
https://pubmed.ncbi.nlm.nih.gov/25498458/
https://pubmed.ncbi.nlm.nih.gov/25498458/
https://pubmed.ncbi.nlm.nih.gov/18019988/
https://pubmed.ncbi.nlm.nih.gov/18019988/
https://pubmed.ncbi.nlm.nih.gov/18019988/
https://pubmed.ncbi.nlm.nih.gov/28024870/
https://pubmed.ncbi.nlm.nih.gov/28024870/
https://pubmed.ncbi.nlm.nih.gov/28024870/
https://pubmed.ncbi.nlm.nih.gov/28024870/
https://pubmed.ncbi.nlm.nih.gov/25904348/
https://pubmed.ncbi.nlm.nih.gov/25904348/
https://pubmed.ncbi.nlm.nih.gov/25904348/
https://pubmed.ncbi.nlm.nih.gov/25904348/
https://pubmed.ncbi.nlm.nih.gov/25380558/
https://pubmed.ncbi.nlm.nih.gov/25380558/
https://pubmed.ncbi.nlm.nih.gov/25380558/
https://pubmed.ncbi.nlm.nih.gov/17410365/
https://pubmed.ncbi.nlm.nih.gov/17410365/
https://pubmed.ncbi.nlm.nih.gov/17410365/
https://pubmed.ncbi.nlm.nih.gov/20155494/
https://pubmed.ncbi.nlm.nih.gov/20155494/
https://pubmed.ncbi.nlm.nih.gov/29948013/
https://pubmed.ncbi.nlm.nih.gov/29948013/


Benjamin Marjanovic, et al., World Journal of Surgery and Surgical Research - General Surgery

2021 | Volume 4 | Article 129110Remedy Publications LLC., | http://surgeryresearchjournal.com

partial cuff repair for irreparable postero-superior rotator cuff tear. Int 
Orthop. 2019;43(2):387-94.

35. Boileau P, Gonzalez JF, Chuinard C, Bicknell R, Walch G. Reverse total 
shoulder arthroplasty after failed rotator cuff surgery. J Shoulder Elbow 
Surg. 2009;18(4):600-6.

36. Mulieri P, Dunning P, Klein S, Pupello D, Frankle M. Reverse shoulder 
arthroplasty for the treatment of irreparable rotator cuff tear without 
glenohumeral arthritis. J Bone Joint Surg Am. 2010;92(15):2544-56.

37. Werner CML, Steinmann PA, Gilbart M, Gerber C. Treatment of painful 
pseudoparesis due to irreparable rotator cuff dysfunction with the delta III 
reverse-ball-and-socket total shoulder prosthesis. J Bone Joint Surg Am. 
2005;87(7):1476-86.

38. Boileau P. Complications and revision of reverse total shoulder 
arthroplasty. Orthop Traumatol Surg Res. 2016;102(1 Suppl):S33-43.

39. Black EM, Roberts SM, Siegel E, Yannopoulos P, Higgins LD, Warner JJ. 
Reverse shoulder arthroplasty as salvage for failed prior arthroplasty in 
patients 65 years of age or younger. J Shoulder Elbow Surg. 2014;23(7):1036-
42.

40. Gervasi E, Cautero E, Dekel A. Fluoroscopy-guided implantation of 
subacromial 'biodegradable spcer' using local anesthesia in patients with 
irreparable rotator cuff tear. Arthrosc Tech. 2014;3(4):455-8.

41. Sher JS, Uribe JW, Posada A, Murphy BJ, Zlatkin MB. Abnormal findings 
on magnetic resonance images of asymptomatic shoulders. J Bone Joint 
Surg Am. 1995;77(1):10-5.

42. Savarese E, Romeo R. New solution for massive, irreparable rotator 
cuff tears: The subacromial “Biodegradable Spacer”. Arthrosc Tech. 
2012;1(1):e69-74.

43. Agneskirchner JD. Presented at Annecy shoulder course, France 2015 and 
Berlin Charite International shoulder course, Germany 2016. Published: 
Ober extremitat. 2016.

44. Eran M, Ori S, Shaul B, Gavriel M, Assaf D, Bernstein M, et al. Biceps 
tenotomy does not affect the functional outcomes of patients treated with 
spacer implantation due to massive irreparable rotator cuff tears .Open 
Orthop J. 2017;11:1577-84.

45. Malte H, Brand F, Agneskirchner JD. Subacromial spacer implantation 
for massive rotator cuff tears. Clinical outcome of arthroscopically treated 
patients. Obere Extrem. 2017;12(1):38-45.

46. Castricini R, De Benedetto M, Familiari F, De Gori M, De Nardo P, Orlando 

N. Functional status and failed rotator cuff repair predict outcomes after 
arthroscopic-assisted latissimus dorsi transfer for irreparable massive 
rotator cuff tears. J Shoulder Elbow Surg. 2016;25(4):658-65.

47. Gerber C, Rahm SA, Catanzaro S, Farshad M, Moor BK. Latissimus dorsi 
tendon transfer for treatment of irreparable posterosuperior rotator cuff 
tears: Long-term results at a minimum follow-up of ten years. J Bone Joint 
Surg Am. 2013;95(21):1920-26.

48. Teefey SA, Hasan SA, Middleton WD, Patel M, Wright RW, Yamaguchi 
K. Ultrasonography of the rotator cuff. A comparison of ultrasonographic 
and arthroscopic findings in one hundred consecutive cases. J Bone Joint 
Surg Am. 2000;82(4):498-504.

49. Burkhart SS, Esch JC, Jolson RS. The rotator crescent and rotator cable: An 
anatomic description of the shoulder's "suspension bridge". Arthroscopy. 
1993;9(6):611-6.

50. Evancho AM, Stiles RG, Fajman WA, Flower SP, Macha T, Brunner 
MC, et al. MR imaging diagnosis of rotator cuff tears. Am J Roentgenol. 
1988;151(4):751-4.

51. Gagey O, Hue E. Mechanics of the deltoid muscle. A new approach. Clin 
Orthop Relat Res. 2000;375:250-7.

52. Bigliani LU, Kelkar R, Flatow EL, Pollock RG, Mow VC. Glenohumeral 
stability. Biomechanical properties of passive and active stabilizers. Clin 
Orthop Relat Res. 1996;330:13-30.

53. Dieppe P, Lohmander S. Pathogenesis and management of pain in 
osteoarthritis. Lancet. 2005;365(9463):965-73. 

54. Bryant D, Litchfield R, Sandow M, Gartsman G, Guyatt G, Kirkley A. A 
Comparison of pain, strength, range of motion, and functional outcomes 
after hemiarthroplasty and total shoulder arthroplasty in patients with 
osteoarthritis of the shoulder: A systematic review and meta-analysis. J 
Bone Joint Surg Am. 2005;87(9):1947-56.

55. Deranlot J, Herisson O, Nourissat G, Zbili D, Werthel J, Vigan M, et al. 
Arthroscopic subacromial spacer implantation in patients with massive 
irreparable rotator cuff tears: Clinical and radiographic results of 39 
retrospectives cases. Arthroscopy. 2017;33(9):1639-44.

56. Shields EJW, Koueiter DM, Maerz T, Schwark A, Wiater JM. Previous 
rotator cuff repair is associated with inferior clinical outcomes 
after reverse total shoulder arthroplasty. Orthop J Sports Med. 
2017;5(10):2325967117730311.

https://pubmed.ncbi.nlm.nih.gov/29948013/
https://pubmed.ncbi.nlm.nih.gov/29948013/
https://pubmed.ncbi.nlm.nih.gov/19481959/
https://pubmed.ncbi.nlm.nih.gov/19481959/
https://pubmed.ncbi.nlm.nih.gov/19481959/
https://pubmed.ncbi.nlm.nih.gov/21048173/
https://pubmed.ncbi.nlm.nih.gov/21048173/
https://pubmed.ncbi.nlm.nih.gov/21048173/
https://pubmed.ncbi.nlm.nih.gov/26879334/
https://pubmed.ncbi.nlm.nih.gov/26879334/
https://pubmed.ncbi.nlm.nih.gov/24929746/
https://pubmed.ncbi.nlm.nih.gov/24929746/
https://pubmed.ncbi.nlm.nih.gov/24929746/
https://pubmed.ncbi.nlm.nih.gov/24929746/
https://pubmed.ncbi.nlm.nih.gov/7822341/
https://pubmed.ncbi.nlm.nih.gov/7822341/
https://pubmed.ncbi.nlm.nih.gov/7822341/
https://pubmed.ncbi.nlm.nih.gov/23766979/
https://pubmed.ncbi.nlm.nih.gov/23766979/
https://pubmed.ncbi.nlm.nih.gov/23766979/
https://pubmed.ncbi.nlm.nih.gov/29399231/
https://pubmed.ncbi.nlm.nih.gov/29399231/
https://pubmed.ncbi.nlm.nih.gov/29399231/
https://pubmed.ncbi.nlm.nih.gov/29399231/
https://pubmed.ncbi.nlm.nih.gov/28868086/
https://pubmed.ncbi.nlm.nih.gov/28868086/
https://pubmed.ncbi.nlm.nih.gov/28868086/
https://pubmed.ncbi.nlm.nih.gov/26589917/
https://pubmed.ncbi.nlm.nih.gov/26589917/
https://pubmed.ncbi.nlm.nih.gov/26589917/
https://pubmed.ncbi.nlm.nih.gov/26589917/
https://pubmed.ncbi.nlm.nih.gov/24196461/
https://pubmed.ncbi.nlm.nih.gov/24196461/
https://pubmed.ncbi.nlm.nih.gov/24196461/
https://pubmed.ncbi.nlm.nih.gov/24196461/
https://pubmed.ncbi.nlm.nih.gov/10761940/
https://pubmed.ncbi.nlm.nih.gov/10761940/
https://pubmed.ncbi.nlm.nih.gov/10761940/
https://pubmed.ncbi.nlm.nih.gov/10761940/
https://pubmed.ncbi.nlm.nih.gov/8305096/
https://pubmed.ncbi.nlm.nih.gov/8305096/
https://pubmed.ncbi.nlm.nih.gov/8305096/
https://pubmed.ncbi.nlm.nih.gov/10853176/
https://pubmed.ncbi.nlm.nih.gov/10853176/
https://pubmed.ncbi.nlm.nih.gov/10853176/
https://pubmed.ncbi.nlm.nih.gov/10853176/
https://pubmed.ncbi.nlm.nih.gov/10853176/
https://pubmed.ncbi.nlm.nih.gov/8804270/
https://pubmed.ncbi.nlm.nih.gov/8804270/
https://pubmed.ncbi.nlm.nih.gov/8804270/
https://pubmed.ncbi.nlm.nih.gov/15766999/
https://pubmed.ncbi.nlm.nih.gov/15766999/
https://pubmed.ncbi.nlm.nih.gov/16140808/
https://pubmed.ncbi.nlm.nih.gov/16140808/
https://pubmed.ncbi.nlm.nih.gov/16140808/
https://pubmed.ncbi.nlm.nih.gov/16140808/
https://pubmed.ncbi.nlm.nih.gov/16140808/
https://pubmed.ncbi.nlm.nih.gov/28602388/
https://pubmed.ncbi.nlm.nih.gov/28602388/
https://pubmed.ncbi.nlm.nih.gov/28602388/
https://pubmed.ncbi.nlm.nih.gov/28602388/
https://pubmed.ncbi.nlm.nih.gov/29051900/
https://pubmed.ncbi.nlm.nih.gov/29051900/
https://pubmed.ncbi.nlm.nih.gov/29051900/
https://pubmed.ncbi.nlm.nih.gov/29051900/

	Title
	Abstract
	Introduction
	Materials and Methods
	Study design
	Surgical technique
	Patients
	Statistical analysis

	Results
	Intraoperative associated lesions
	Radiographic results
	Statistical analysis
	Condition of subscapularis tendon
	History of previous shoulder surgeries 
	The need for subacromial decompression

	Discussion
	Partial RC tear repair
	Superior capsular reconstruction
	Latissimus dorsi transfer
	Reverse shoulder replacement
	Subacromial biodegradable spacer-InSpace balloon
	Our results

	Limitations
	Conclusion
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

