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A B S T R A C T

Aim: The objective of this prospective non-randomized study was to establish the role of biodegradable sub-
acromial spacer (InSpace™) insertion in the management of patients with massive irreparable rotator cuff tear by
reporting beneficial effects on the pain relief and functional outcomes in these patients.
Methods: This is a prospective non-randomized study of patients treated for irreparable cuff tears during a period
between January 2014 and November 2016.14 patients with symptomatic massive irreparable rotator cuff tears
were managed with arthroscopic debridement and implantation of a biodegradable subacromial spacer and were
followed up for a mean 12.6 months (8–16m). Inclusion criteria were patients with irreparable rotator cuff tears
that failed the conservative management, with muscle retraction (Patte > stage 2), muscle atrophy, and fatty
infiltration (Goutalier type 3). Patients with osteoarthritis grade 3 in the Hamada classification and/or without
preserved passive motion were excluded from our study. Outcome measures included pre and postoperative, the
range of motion, Constant and Oxford shoulder scores. The decision to perform surgery was made after failure of
nonoperative treatment and rehabilitation (massive rotator cuff tear protocol, reading shoulder unit)for at least
six months.
Results: Fourteen shoulders (14 patients, ten male four female) met the inclusion criteria. The mean age of
patients was 76.2 (70–85) years. During the last follow-up (8–16 months mean 12.6 months), the range of
motion was significantly increased in all patients with anterior elevation (from 80 to 105°), abduction (from 70
to 110°), and external rotation (from 25 to 35°). The mean Constant score was also significantly (P < 0.001)
improved from 22.5 (13–33) preoperatively to 51.4 (30–64) at the last follow-up. The Oxford shoulder score
improved from 26 preoperatively (21–28) to 48.2 postoperatively (34–56). No night pain following surgery and
ADL increased by 40%, which is significant in these patients. No significant perioperative complications were
found except for one patient who had a spacer migration. However, no action was required in that case.
Conclusions: Arthroscopic implantation of a subacromial spacer for irreparable rotator cuff tear resulted in a
noticeable improvement in pain relief and shoulder function at a mean 12.6 months follow up. It is a quick, safe
and a minimally invasive procedure that is suitable for elderly patients with irreparable cuff tears and medical
co-morbidities.

1. Introduction

Therapeutic options for the treatment of irreparable rotator cuff
tears are dependent on the patients' symptoms, demands and on the
grade of the ongoing cuff tear arthropathy. Massive tears [Figs. 5 and 6]
have been described as> 5 cm1,2 and tears involving two or more
tendons.3 An IRCT (irreparable rotator cuff tear) is any cuff tear which
cannot be repaired back to the footprint, despite intra and extra-ar-
ticular release of the remaining tissue or any repair that is successful
but will almost certainly be associated with structural failure.4 The
incidence may vary from 6.5% to 30%.5–8 Static anterosuperior

subluxation with AHD (acromiohumeral distance) [Fig. 4] less than
6mm46 and pseudoparalysis on anterior elevation and dynamic ante-
rosuperior subluxation of the humerus upon resisted abduction4 also
suggests that the repair is not going to be successful. Other poor
prognostic signs include a lag sign and a positive Horn blowers sign
[9,10] for infraspinatus and teres minor function respectively. Grade 3
and 4 fatty infiltration commonly considered irreparable,4,11 although
Burkhart has disputed this.12 The cuff tears are generally categorised
into posterosuperior (supraspinatus, infraspinatus and teres minor),
anterosuperior (supraspinatus and subscapularis) and global tears that
include both anterosuperior and posterosuperior tears. Mulieri et al.13
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reported reverse shoulder arthroplasty in patients with at least two-
tendon tear without glenohumeral arthritis who failed to respond to
conservative management for at least six months. In his study with a
minimum of two years of follow-up, 58 patients out of 60 shoulders had
shown improvement in pain and shoulder joint range of movement.
Nevertheless, this procedure is associated with a high complication rate
(∼20%) and considered as a salvage option.

Recently, several innovative studies used a biodegradable inspace
balloon insertion in the subacromial space to restore shoulder bio-
mechanics, by replicating the lowering effect of humeral head by ro-
tator cuff tendons and reducing the subacromial friction. These studies
with short follow up periods reported successful re-establishment of
acromiohumeral distance (AHD) to improve the deltoid muscle lever
arm to facilitate its function.

The Ortho-Space InSpace TM system is a biodegradable balloon-
shaped spacer made of a copolymer Poly (L-lactide-co-ε-caprolactone)
which biodegrades over 12 months, during which stage the force cou-
pling should return and allow for long-term improvement in the gle-
nohumeral joint movement. The spacer is available in three sizes to
accommodate anatomic variation. The spacer size (small, medium or
large) is selected based upon the surgeon's discretion after determining
the extent of the tear and following measurement of the distance from
the lateral border of the greater tuberosity to approximately 1 cm
medial to the glenoid apex.

1.1. Surgical technique

The insertion method is reported to be simple, safe and re-
producible. Standard shoulder arthroscopy for evaluation of the
shoulder and tendon's condition to determine the presence of an irre-
parable rotator cuff tear [Fig. 1]. Perform debridement and bursectomy.
We have not performed any concomitant acromioplasty or tuber-
oplasty. Selection of the correct balloon size by measuring the sub-
acromial space using an arthroscopic probe. Three balloon sizes are
available (S/M/L). After selection of appropriate size, Insert the rolled-
up spacer introducer into the subacromial space through a lateral portal
[Fig. 2]. Inflate the balloon by using saline to fill the subacromial space
[Fig. 3]. The balloon was secured into position by circumferential hoop
forces like in press-fit implantation between the acromion and humeral
head. The shoulder is then taken through a full range of movement to
ensure stability. After sealing Balloon, retract deployer. Inspace balloon
can be used in patients with tears of Supraspinatus, Infraspinatus. It is
advised in patients with intact or repaired Subscapularis for anterior
stabilisation that helps in restoring biomechanics. It is contraindicated
in pre-existing glenohumeral arthritis, active infection and allergies to
the material of device components. Possible complications of this

Fig. 1. Intraoperative finding of massive cuff tear, and stages of balloon in-
sertion.

Fig. 2. Intraoperative insertion and inflation of balloon.

Fig. 3. Intraoperative finding of massive cuff tear, and full inflation of balloon.

Fig. 4. X-ray AP Shoulder showing proximal migration in cuff deficient
shoulder with no significant arthritis.
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procedure apart from general complications include local inflamma-
tion, necrosis of the surrounding tissue and balloon displacement.

2. Materials and methods

2.1. Methods

A Prospective non-randomized study of patients treated for irre-
parable cuff tear, between January 2014 and November 2016 in our
Orthopaedic department at East Surrey Hospital. 14 patients with
symptomatic massive irreparable rotator cuff tears were managed with
arthroscopic debridement and implantation of a biodegradable sub-
acromial spacer and were followed up for at least one year (8–16m).
Inclusion criteria were patients with irreparable rotator cuff tears that
failed the conservative management, with muscle retraction
(Patte > stage 2), muscle atrophy, and fatty infiltration (Goutalier type
3). Patients with osteoarthritis grade 3 in the Hamada classification
and/or without preserved passive motion were excluded from our
study. In addition to bursal decompression nine patients underwent
biceps tenotomy for pain relief. Outcome measures included pre and
postoperative, the range of motion, Constant and Oxford shoulder
scores. The decision to perform surgery was made after failure of
nonoperative treatment and rehabilitation (massive rotator cuff tear
protocol, reading shoulder unit) for at least six months.

3. Results

Fourteen shoulders (14 patients, ten male four female) [Fig. 9] met
the inclusion criteria. The mean age of patients was 76.2 (70–85) years.
During the last follow-up (8–16 months mean 12.6 months), the range
of motion [Fig. 7] was significantly increased in all patients with
anterior elevation (from 80 to 105°)[Table 1], abduction (from 70 to
110°), and external rotation (from 25 to 35°). There is an improvement
in shoulder scores by more than 50%. The mean Constant score was also
significantly (P < 0.001) improved from 22.5 (13–33) preoperatively
to 51.4 (30–64.5) at the last follow-up. The Oxford shoulder score im-
proved from 26 preoperatively (21–28) to 48.2 postoperatively (34–56)
[Fig. 8]. Night pain improved from most nights to 1 or 2 nights in most
of the patients as per Oxford score, and ADL increased by 40%, which is
significant in these patients. We didn't routinely image the patients
postoperatively to check whether they remained inflated or not. But in
one case where patient complained of some discomfort in the anterior
aspects of the shoulder with swelling underwent USS which has picked
up anterior subluxation of the spacer balloon which didn't need any

Fig. 5. MRI shoulder depicting massive cuff tear on coronal section.

Fig. 6. MRI shoulder depicting massive cuff tear on sagittal section.

Fig. 7. Graphical representation of range of movements pre and post op.
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further intervention as the discomfort was not interfering with her day
to day activities. No intra or postoperative complications were found
except for one patient who had a spacer migration. No second surgical
procedure such as reverse shoulder replacement was performed in any
of these patients during this follow up period.

4. Discussion

No consensus regarding the ideal treatment option for patients
suffering from pain and disability from massive/irreparable RC tears is
available yet. By the force couple theory,14–16 active motion can be
possible despite massive RC tear if force coupling is maintained. Several
surgical interventions have been described as ranging from simple ar-
throscopic debridement to reverse shoulder arthroplasty to manage
these symptomatic patients. However, recent studies reported a bio-
degradable subacromial balloon spacer implanted between the humeral
head and acromion could restore the shoulder biomechanics. Senekovic
et al.17 published their early results of 20 patients treated with the
InSpace system. The average age in this cohort was 70.5 years (range
54–85 years), and the follow-up period was 34.7 months (range 4–95
months). The average total Constant score increased from 33.4 to 65.4
points, with a statistically significant improvement in all aspects of the
constant score. Patients reported significant improvement in their daily
living activities during the 6th week after surgery. The range of motion

also showed significant improvement eight weeks later. Power im-
proved at 18 months, and the improvement in shoulder function was
sustained at three years. In a retrospective study reporting the clinical
and radiographic results of the biodegradable subacromial spacer im-
plantation, authors corroborate that, irreparable massive cuff tears in
worker patients and with recreational activities' demands, the inspace
balloon is a viable option to recover the shoulder function with a re-
duction of the pain.18 In another clinical study, they performed the

Table 1
Anterior elevation (from 80 to 105 degrees).

Ser.no F/u months Age AE (80–105 deg)
Pre/post op

ABD (70–110 deg) Pre/
post op 70/110

ER (from 25 to 35 deg)
Pre/post op 25/35

CS Pre/post op 22.5
(13–33) to 51.4 (30–64)

OSS Pre/post op 26 (21–28)
to 48.2 (34–56)

Size Sex

Pt 1 12 73 80/110 70/125 10/25 16/45 26/34 M M
Pt 2 10 77 70/105 90/135 30/35 24/64 28/56 M M
Pt 3 9 75 80/100 60/105 20/35 23/30 24//50 M M
Pt 4 10 72 85/105 45/95 15/30 27/49 27/49 S F
Pt 5 8 73 80/100 85/125 30/35 22/51 26/56 M M
Pt 6 9 72 100/105 80/110 35/35 23/53 28/51 S F
Pt 7 13 85 85/110 65/100 10/30 18/57 26/48 S M
Pt 8 11 80 60/90 95/130 45/45 27/59 26/45 S F
Pt 9 16 77 90/110 75/115 15/30 33/53 27/49 M M
Pt 10 12 82 85/120 45/90 10/30 28/51 25/52 M M
Pt 11 11 78 65/85 50/95 30/35 26/50 26/41 L M
Pt 12 12 81 85/120 110/120 45/45 27/57 25/45 M M
Pt 13 10 73 65/100 45/85 25/35 25/51 21/49 S F
Pt 14 10 70 80/105 60/95 30/35 13/50 27/51 S M

SN= serial number; FU= follow up; AE=anterior elevation; ABD=abduction; ER= external rotation; CS= constant score; OSS= oxford shoulder score;
Size= Size of balloon.

Fig. 8. Graphical representation of pre and post op constant and oxford scores.

Fig. 9. Graphical representation of demographics.
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clinical evaluation (Constant Score and VAS), X-rays and MR imaging
preoperatively in all patients and at 3, 6, 12 and 24 months after sur-
gery, dividing patients into different groups according to the time
elapsed from surgery. In their study, Constant Score increased from
39.89 to 62.33 points (p 0.0002) in the six months group and from
41.66 to 65.38 points (p < 0.0001) in the 12 months group. ROM
(Range of Movement) and ADL (Activity of Daily Living) significantly
improved with the contemporary reduction of VAS and pain at 12
months and, furthermore, an increase of functional performance with
reduction of pain was registered at 24 months. In a study19 where the
clinical outcome of patients treated with conventional arthroscopic
techniques (n= 11, group A, partial repair, biceps tenotomy, and
debridement) and that of patients treated with a supplementary ISB
(n=12, group B) was retrospectively analysed. In their series, [with a
preoperative American Shoulder and Elbow Surgeons (ASES) score:
group A, 59.1; group B, 31.5; and the Constant score: group A, 60.7;
group B, 36.8] they found improved shoulder function [ASES score:
group A, 88.6; p< 0.001; group B, 85.7; p< 0.001, and the Constant
score: group A, 77.6; p< 0.001; group B, 69.5; p< 0.001;] in both the
groups at a follow-up after a mean of 22 months. Minimal improvement
in 2 pts with pseudoparalytic shoulders was noticed. Patients in both
groups were happy with their outcome (the preoperative shoulder
function was lower in patients treated with an ISB). In rotator cuff re-
pairs, the spacer may mechanically protect the tendon and reduces the
downward force needed by the supraspinatus to centre the humeral
head during abduction,20 Which may improve the long-term results of
rotator cuff repairs, especially in large tears. Avoid overstuffing as there
may be a theoretical risk of a decrease in the blood supply to the re-
paired cuff, though; it was not proved clinically. In a study21 describing
the insertion technique using fluoroscopy, believes that it can be per-
formed in a day-care or outpatient setting with patients under local
anaesthesia. The previous studies have shown that the spacer may self-
dissolve at 12 months which confines to the period of rehabilitation.
The spacer begins to degrade approximately 2–3 months post-im-
plantation and fully disintegrates within 12 months,22 though, it is
unclear how long the spacer remains inflated. At 6 months, the device
was barely detectable in 54.5% of the patients, yet the shoulder func-
tion demonstrated continued improvement in the majority of the sub-
jects (US or MRI). At 3 years, 19 patients underwent a follow-up MRI
examination that confirmed total biodegradation of the device.23

Although a variety of studies24 have shown that debridement with
or without biceps tenotomy remains a viable option in the elderly and
low demand patients with a functional but very painful shoulder, it
does not slow the progression of osteoarthritis as it doesn't improve the
biomechanics. Loss of shoulder flexion strength is often a concern for
patients who are a candidate for LHB sacrifice. Boileau et al.25 con-
cluded that pseudoparalysis of the shoulder and severe RC arthropathy
are contraindications to this procedure. However, the literature sup-
ports arthroscopic biceps tenotomy with or without inspace balloon
insertion in the treatment of RC tears in selected patients yields good
objective improvement and a high degree of patient satisfaction.15,26,27

However, Klinger et al.28 disputed that additional LHB tenotomy did
not significantly influence the outcomes. There was no generalised
consensus in the literature about humeral head migration or progres-
sion of cuff arthropathy following tenotomy.

Several studies suggest that the partial repair with tenolysis and
interval slide provides a longer lasting improvement in pain relief and
restoring function when compared to debridement alone.9,10,29–32 The
prerequisites for partial repair to restore AP force couple (margin
convergence technique) are well centred joint with less than or equal to
grade 3 fatty degeneration.12,24,33,34 It was noted that only 48% were
structurally intact when imaged using ultrasound at 24 months.9,35

Lo et al.36 showed statistically significant improvements with in-
terval slide. However, studies comparing the results of partial repair
with interval slide found no significant difference in outcomes.37,38

Concerns regarding this technique include devascularisation of the

supraspinatus tendon and defunctioning of an already impaired muscle-
tendon unit from the interval slide.37,39

4.1. Tendon transfer

Tendon transfers can be indicated in a cooperative patient with the
loss of active external rotation but performable active flexion with a
higher grade of muscular atrophy, and without degenerative
changes > grade II [24 40]. Split pectoralis major transfer for sub-
scapularis tear may give pain relief and stability, but functional im-
provement is less specific [16 41] as optimal biomechanics can't be
achieved. The outcomes with latissimus dorsi tendon transfers in irre-
parable posterosuperior rotator cuff tear may reliably restore flexion
and relieves pain; however, its use is downcasted in patients with
preceding failed rotator cuff surgery due to unpredictable results. If the
lack of external rotation is isolated with good active forward elevation,
the L'Episcopo procedure (transfer of teres major to a lateral position,
causing it to be a lateral rotator of the shoulder) is the procedure of
choice.

4.2. Tuberoplasty

Lee et al.27,42 presented satisfactory results with good preservation
of acromiohumeral interval and continuity in the inferior scapulo-
humeral line, regardless of preoperative mobility, at least 3 years after
arthroscopic tuberoplasty. Scheibel et al.31 in 2004, who described tu-
beroplasty as the reversed arthroscopic subacromial decompression,
has shown significant improvements in pain, the range of motion and
activities of daily living following this procedure. In literature, poor
outcomes were attributed to increased preoperative pain, patients with
pseudoparalysis32 and a disruption of the inferior scapulohumeral
line23 where a debridement with or without biceps tenotomy and the
inspace balloon has a role in symptomatic improvement.

4.3. Graft interposition

The mechanical properties of biological allografts have been shown
to be inferior to both autografts and synthetic grafts.2,3 Gupta et al.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3678622/ 2 de-
scribed a prospective observational study using Dermal tissue allograft,
showed a significant improvement in pain, the range of motion, and
strength. In their study, the follow up was for 3 yrs on average, and 76%
of patients had intact cuff repair, whereas Glanzmann et al.41, had re-
ported only 16.5% and 12.5% survival rates at mid and long-term
follow-ups respectively, which were confirmed on Ultrasound scan in
both the studies. With regards to host response, xenografts appear to
induce the most significant hypersensitivity, thought to be related to
the galactose-a (1,3)-galactose (a-Gal) terminal disaccharide.40 In a
randomized prospective study42 comparing interposition autograft with
tensor fascia lata and partial repair, there were significantly fewer re-
tears in the patch graft group (8.3% vs 41.7%) although, significant
improvement in clinical outcomes was recorded in both the groups.
Also, shoulders with re-tears had significantly inferior clinical outcomes
when compared to those without re-tears (P < 0.001). Glanzmann
et al.] showed that Cranial migration of the humeral head progressed in
all patients with deltoid flap transfers and insignificant functional gains
achieved, though, noticed an improvement in pain and patient sa-
tisfaction. By these results, Glanzmann et al. suggested not to use this
technique in irreparable cuff tears.

4.4. Arthroscopic superior capsular reconstruction

Compared to interposition patch grafting which allowed impinge-
ment of interposition, superior capsular reconstruction wholly restored
superior stability and thus prevented impingement in a clinical study.43

Radiographically the acromiohumeral distance increased significantly
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from 4.6mm to 8.7mm (P < 0.0001) postoperatively, with no pro-
gression of osteoarthritis of the glenohumeral joint. A postoperative
MRI scan confirmed that 20 patients (83.3%) had an intact graft, with
no progression of muscle atrophy. The authors surmised that the re-
construction of the superior capsule restored the force coupling due to
suturing the graft to the infraspinatus posteriorly and the residual su-
praspinatus or subscapularis anteriorly.

4.5. Suprascapular nerve ablation/neurolysis or neurotomy

The role of the suprascapular nerve, which can probably be con-
stricted by the retracted rotator cuff, and its therapy has not been
completely clarified. Its indicated in patients with significant medical
co-morbidities with rotator cuff arthropathy44 with distinct symptoms.
The efficacy of the Pulsed radiofrequency techniques treatment may
wear off in six months in up to 50% of the patients.45 Nizlan et al.46

described an arthroscopic SSN neurectomy technique with good pain
control (sensory). However, no assessment or comment was made about
outcomes due to loss of residual infraspinatus function (motor dis-
tribution).

Non-surgical management such as physical therapy and exercise
may, in selected cases, be a treatment alternative to surgical proce-
dures.47–49 A study11 on anterior deltoid rehabilitation program for
patients with an average age of 80 years (range, 70–96 years) and
confirmed massive rotator cuff tear, has reported that the Constant
score increased from a mean of 26 (range, 8–41) before treatment to a
mean of 60 (range, 43–77) at a minimum of 9 months after treatment.
The range of motion in forward elevation was improved from a mean of
40° (range, 30°–60°) at presentation to a mean of 160° (range
150°–180°) after the deltoid rehabilitation course. Authors recommend
that a structured deltoid rehabilitation program is suitable for elderly
patients with massive rotator cuff tears.

5. Conclusion

The ISB is a feasible treatment option for MRCT, providing sub-
jective pain relief and improved shoulder function. It can be considered
as part of the treatment algorithm in patients with an irreparable ro-
tator cuff and could be used as either as an interim procedure, delaying
the need for more invasive surgery in the physiologically young and
active, or as a potential definitive procedure in the medically unfit
patients. Careful subacromial debridement combined with biceps te-
notomy and a cautious or reversed decompression may reduce the pain
temporarily without influencing the active motion until with the loss of
active elevation which is an indication for reverse shoulder ar-
throplasty, in the meantime, absorbable subacromial spacers may im-
prove shoulder biomechanics. Once again, prospective randomized
trials with larger patient cohorts and longer follow-ups are required to
confirm its' effectiveness.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.jor.2018.08.004.
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