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Abstract
Purpose The purposes of this prospective non-random-
ized study were to conWrm the feasibility of the biodegrad-
able sub-acromial spacer (InSpace™) implantation in
patients with massive irreparable rotator cuV tear and to
determine the safety proWle and functional results 3 years
post-implantation.
Methods Twenty patients were implanted with the
InSpace™ device and assessed up to 3 years of post-
implantation. Improvement in shoulder function was
assessed using Constant score, while ease of use of the sys-
tem was recorded by surgeons as were device-related
adverse events.
Results Twenty patients were available for assessment.
Implantation was performed arthroscopically in all patients,
and a range of deployment time was 2–20 min. The mean

total Constant score increased from 33.4 to 65.4 points at
3 years. There was an improvement of 6.4 points in subjec-
tive pain score which commenced at 1 week post-opera-
tively and was sustained until 3 years of follow-up. Also
activities of daily living and motions commenced improve-
ment by 9.4 and 7.7 points, respectively. Improvement in
power was only evident at 18 months of follow-up but was
sustained at 3 years.
Conclusions Arthroscopic deployment of a co-polymer
biodegradable spacer (balloon) into the sub-acromial space
for an irreparable rotator cuV tear was found to be low-risk
and simple procedure associated with improvement in
shoulder function and low rate of complications.
Level of evidence IV; therapeutic case series

Keywords Massive irreparable rotator cuV tears · 
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Introduction

Rotator cuV tears (RCTs) are amongst the commonest ten-
don injuries seen in orthopaedic patients [1] resulting in
signiWcant community-borne pain and disability [2].

Irreparable RCTs are deWned by the size of the tear [3],
the presence of tendon retraction, chronicity of the injury
[4, 5] and the amount of muscle atrophy and degree of fatty
degeneration [6]. In these situations, direct repair at the
point of insertion is usually not feasible despite extensive
soft-tissue mobilization and release [7]. A range of surgical
options are available, including debridement (with or with-
out partial tendon repair), tendon transfer, muscle–tendon
slide procedures, the utilization of rotator cuV allograft and
synthetic graft materials, arthrodesis, reverse arthroplasty
or hemiarthroplasty [8–11].
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The purpose and hypothesis of this Wrst-in-human
prospective study was to conWrm that the implantation of
biodegradable co-polymer spacer (InSpace™) into the sub-
acromial space of patients with massive irreparable rotator
cuV is a simple and safe procedure associated with clinical
improvement of shoulder function and low rate of device-
related adverse events.

Materials and methods

Study design

The study was approved by the hospital Ethical Committee
and associated National Competent Authority and was con-
ducted as a clinical part of the product CE mark applica-
tion. The study was designed as a one-arm, prospective
study to assess the feasibility, safety and eYcacy of the
InSpace™ sub-acromial spacer system in subjects with
massive irreparable tears. Patients were voluntarily (with
no compensation on their participation in the study)
enrolled in the study after receiving information on other
treatment alternatives and signing an informed consent.
Patients were considered eligible to participate in the study
when diagnosed with irreparable massive rotator cuV tear
(conWrmed during arthroscopy), had persistent pain for at
least 6 months with documented failure of conservative
treatment and presented positive shoulder impingement test
at screening. Exclusion criteria included signiWcant shoul-
der osteoarthritis, prior shoulder surgery, shoulder infection
or systemic immune suppression.

Primary end-points included pain relief over time,
improvement in the range of motion, activities of daily liv-
ing and shoulder strength using the Constant score [12] that
was recorded at each follow-up visit. Patients were clini-
cally assessed pre-operatively for the presence of a full-
thickness massive RCT with supplementary imaging using
ultrasound, CT arthrography and magnetic resonance (MR)
imaging as appropriate [13–15]. Final conWrmation of the
RCT size, tendon involvement and reducibility was made
during arthroscopy where the surgeon assessed the feasibil-
ity of surgical repair. Prospective post-operative assessment
of symptoms, complications and/or device-related adverse
events was recorded with prospective determination of the
Constant score at hospital discharge, 1, 3 and 6 weeks, 3, 6,
18 and 36 months post-operatively. Device placement and
biodegradation were assessed by ultrasonographic evalua-
tion at 1 week and 3 and 6 months post-implantation.
Device complete absorption and absence of signiWcant
device-related complications were conWrmed by shoulder
MRI at 3 years post-implantation.

InSpace™ spacer system

The InSpace™ system is a biodegradable spacer (balloon
shape) meant for arthroscopic insertion into the sub-acro-
mial space following bursa excision. Animal studies per-
formed in rabbit, canine and swine models conWrmed
spacer biocompatibility and safety for in vivo use without
any evidence of local or systemic reaction.

The pre-shaped spacer is comprised of a co-polymer of
poly-L-lactide-co-�-caprolactone in a 70: 30 ratio, which
biodegrades over a period of 12 months [16].

Insertion of the sub-acromial spacer is aided by folding it
into a cylindrical shape inside an insertion tube. Once posi-
tioned in the sub-acromial space, the spacer is inXated with
saline permitting frictionless gliding of the humeral head
against the acromion.

Surgical technique

All operations were performed with the patient in a beach-
chair position under general anaesthesia using 3 arthro-
scopic ports (anterior, lateral and posterior or posterolat-
eral). After sub-total removal of the sub-acromial bursa, the
tear was debrided and the rotator cuV was assessed by
grasping the edges of the tendons with an arthroscopic
clamp in an attempt to draw it to the footprint region. A
decision was made to insert the sub-acromial spacer when it
was deemed that the RCT was irreparable. During the
arthroscopic procedure, all patients who presented in this
analysis had over 5-cm tear involving the supraspinatus and
usually the infraspinatus with tissue quality validated at
procedure not adequate for repair (Goutallier grade 3–4).
The long head of biceps was found to be torn or ruptured in
13 of cases, while in the remaining 7 cases a biceps tenot-
omy was done.

A schematic representation of the device deployment is
shown in Figs. 1 and 2, and spacer size (small, medium or
large) is selected based on the surgeon’s discretion follow-
ing measurement of the distance between the lateral border
of the acromion and the superior rim of the glenoid as well
after deWning the extent of any tear extension. The range of
motion is determined by spacer inXation and deXation, and
the appropriate inXation volume is left in situ by withdraw-
ing the syringe that enables the spacer sealing (Fig. 2).

Statistics

Study data were analysed using the SAS® version 9.2 (SAS
Institute, Cary NC, USA). Data are presented in tabular for-
mat where continuous variables are presented as means
(SD) for total Constant score (TCS), subjective pain score
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(SPS; Module A of the CS), activity of daily living (ADL;
Module B of the CS), range of motion (ROM; Module C of
the CS) and power (Module D of the CS). Categorical vari-
ables are presented as counts and percentages, and the
change from baseline of the Constant scores was deter-
mined using a repeated-measures analysis variance model.
P values <0.05 were considered statistically signiWcant.

Results

A total of 20 patients with massive irreparable rotator cuV
tear were enrolled in the study between the periods of May
and October 2008 (11 men and 9 women; mean age
70.5 years—range 54–85 years). In all evaluated cases, the
device was inserted arthroscopically. The mean duration
of symptoms prior to surgery was 34.7 months (range
4–95 months) with failure of conservative treatment in all
patients. The technique of implantation was recorded as
easy and straightforward by all surgeons where the time for
implantation ranged from 2 to 20 min and decreased over
time while the surgeon gained more experience in the pro-
cedure.

Three patients did not reach the 3-year follow-up: one
patient withdrew consent 6 weeks post implantation due to
unsatisfactory outcome and referred to reverse total shoul-

der arthroplasty, the second patient had improvement in
symptoms but refused to continue the participation in the
study, and the third patient died during follow-up from car-
diac disease not related to the implantation.

Figure 3 represents graphically the baseline and follow-
up clinical scoring data of the analysed patients. There was
a signiWcant improvement in the subjective pain score
(Module A of the Constant score), commencing at 1 week
following spacer implantation (95 % CI, 1.28–4.54;
P = 0.0021). This improvement remained statistically sig-
niWcant with a progressive increase throughout the duration
of follow-up. At the 3-year visit, the average change
reached 6.11 points (95 % CI, 4.34–7.88; P < 0.0001).
Night pain statistically improved beginning at 1 week post-
surgery (95 % CI, 0.41–0.97; P < 0.0001) with a sustained
statistically signiWcant improvement through to the 3-year
follow-up visit (95 % CI, 0.69–1.30; P < 0.0001). Improve-
ment in night pain was reported in 12/20 patients (60 %) at
the Wrst post-operative week, in 14 (70 %) patients at the
1.5-year visit and sustained at the 3-year follow-up visit.
Two patients had no improvement in their total Constant
score, and the MR images at 3 years post-implantation of
these two patients showed suspected synovitis without cys-
tic formation. Post-surgery images did not reveal any bone
cysts or signiWcant synovitis in any of the evaluated
patients. No other device- or procedure-related adverse
events were noted during the follow-up period. Figure 4a, b
presents an example of MR image of the InSpace™ spacer
(balloon) placement at sub-acromial space following 3 and
6 months post-implantation.

Table 1 shows the Constant score variables as measured
at pre- and post-implantation, while Table 2 shows the
changes in these parameters as assessed from baseline over

Fig. 1 Schematic representation of the InSpace™ deployment and
inXation in the sub-acromial space through an insertion tube

Fig. 2 Image of InSpace™ after sealing

Fig. 3 Graphical presentation of Constant variables following In-
Space™ spacer insertion. TCS total Constant score, SPS subjective
pain score, NP night pain, ROM range of motion, ADL activity of daily
living. �: presents change in score from baseline to 3 years
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the 3-year follow-up. Statistically signiWcant changes were
evident in TCS assessment at the 6-week follow-up visit
(95 % CI, 2.2–16.2; P = 0.010), and this change continued

to improve up to the Wnal follow-up at 3 years with a mean
change of 31.5 from baseline (95 % CI, 23.7–39.4;
P < 0.0001). Patients reported signiWcant improvement in
their activities of daily living beginning at the third week
after surgery with continuous increase at 3 years of follow-
up. The range of motion also showed signiWcant improve-
ment beginning at 6 weeks post-surgery and progressively
increased throughout the study period. Shoulder power was
diYcult to evaluate early on in the post-implantation period
but showed signiWcant improvement at 1.5 years (95 % CI,
2.1–6.8; P = 0.0003) which was sustained at 3 years (95 %
CI, 4.7–9.6; P < 0.0001). In all measurable parameters,
once an improvement reached signiWcance, it was main-
tained throughout the follow-up period.

Discussion

This prospective, Wrst-in-human, pilot study has shown
clinical safety and eYcacy of the InSpace™ device in a
small group of patients with massive irreparable RCTs. The
insertion of the device was associated with signiWcant
improvement in subjective pain scores and a decrease in
reported night pain. The total Constant score showed statis-
tically signiWcant improvement starting at 6 months post-
InSpace™ implantation when 55.5 % of the treated patients
showed an improvement of at least 15 points in their TCS,
this percentage continues to grow, and 68.8 % of the
patients who reached 3 years post-implantation follow-up
had an improvement of at least 25 points of their TCS.

Shoulder power did not improve until 18 months post-
implantation with this improvement being maintained at
3 years of follow-up. The procedure of InSpace™ insertion
was rated by surgeons as easy to use with no demonstrable
adverse side eVects, except suspected non-clinically signiW-
cant synovitis in 2 cases.

The rotator cuV oVers stability by compression of the
humeral head into the glenoid, while rotator cuV disruption
compromises concavity compression and alters glenohumeral

Fig. 4 a MRI section 3 months following InSpace™ insertion
(arrow). b MRI section 6 months following InSpace™ insertion

Table 1 Pre-operative and post-operative Constant scores variables [Mean (SD)]

TCS total Constant score, SPS subjective pain score, ROM range of motion, ADL activity of daily living

Post-op period/(N) TCS SPS (Part A) ADL (Part B) ROM (Part C) Power (Part D)

Pre-operative/(20) 33.41 (13.34) 5.08 (2.76) 7.20 (3.38) 20.60 (8.95) 0.54 (2.39)

Week 1/(20) 36.98 (12.99) 8.03 (3.62) 8.65 (2.85) 20.30 (9.32) 0.00

Week 3/(20) 39.05 (13.04) 7.70 (3.57) 9.75 (4.48) 21.6 (7.75) 1.25 (0.79)

Week 6/(20) 42.84 (15.21) 8.28 (3.94) 9.50 (3.44) 24.80 (9.91) 0.26 (1.16)

Month 3/(17) 44.12 (14.56) 8.29 (3.59) 10.06 (3.07) 25.76 (10.27) 0.00

Month 6/(18) 50.36 (19.72) 8.92 (4.16) 10.94 (3.95) 27.00 (9.68) 3.50 (7.02)

Year 1.5/(18) 60.46 (22.98) 11.97 (3.85) 13.78 (4.93) 30.00 (10.13) 4.99 (7.83)

Year 3/(16) 65.42 (25.23) 11.66 (3.94) 16.38 (4.15) 29.63 (11.89) 7.76 (8.49)
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load structure and direction [17, 18]. Optimal sub-acromial
decompression aims to restore a smooth coracoacromial
arch and to reduce rotator cuV contact pressure while pre-
serving arch function. The deployment of the sub-acromial
spacer should achieve these aims by reducing sub-acromial
friction during shoulder abduction.

The biodegradable sub-acromial spacer, which can be
introduced arthroscopically in a short procedure with a
good safety proWle, alleviates pain and improves shoulder
function by lowering the head of the humerus during spacer
inXation, thereby facilitating humeral gliding against the
acromion. The biocompatible co-polymer used in the
InSpace™ device mimics the structure of natural extracel-
lular matrices, promoting cell–cell and cell–matrix interac-
tions because of the balance between its hydrophilic and
hydrophobic characteristics consequent upon the variable
biodegradation between its softer epsilon-caprolactone and
harder L-lactide components [20]. At present, it is unclear
exactly how long the spacer remains inXated, nor is it
understood why pain and functional scores continue to
improve beyond the period of spacer disintegration. Based
on the information from histological evaluation following
implantation of the spacer in two rabbits when 6 weeks fol-
lowing implantation, the formation of mature connective
tissue around the spacer with no signs of active inXamma-
tion was observed. It is conceivable that new soft tissue
forms in the spacer area and continues to act as a barrier
between the humeral head and the acromion providing con-
tinued pain relief despite spacer deXation.

The reduction in the overall pain score appears almost
immediately after insertion, although this may occur in part
as a result of debridement and bursectomy [21].

Although there are several surgical procedures that oVer
acceptable outcome results for patients with massive irrepa-
rable RCTs such as debridement, tendon transfer, muscle–
tendon slide procedures, allograft and synthetic graft mate-
rials, arthrodesis, reverse arthroplasty or hemiarthroplasty
[8–11], there is no consensus or deWnitive guidelines on the
preferred surgical option to treat this challenging patient
population [19]. The InSpace™ spacer implantation
procedure oVers less invasive, simple, low-risk option with

minimal morbidity, and its initial success appears in this
small study to be sustainable.

Longer longitudinal study of this device is justiWed as
this technique represents a simple, safe alternative to con-
ventional surgical approaches for massive irreparable RCTs
where clinical and functional outcomes have been mixed.
This study has several weaknesses. The shoulder functional
assessment was based solely on the Constant score, which
might be limited in its scope and can be gender biased in
regard to power measures [22].

Lack of established protocol for radiographic evaluation
modalities makes the comparison between pre- and post-
treatment imaging impossible, while having no control
group to the procedure makes the results relatively weak
and raised the need for further randomized studies to deter-
mine the place of the InSpace™ spacer in the management
of massive rotator cuV injury.

Conclusions

Arthroscopic deployment of a co-polymer biodegradable
spacer (balloon) into the sub-acromial space for an irrepara-
ble rotator cuV tear was found to be low-risk and simple
procedure associated with the improvement in shoulder
function and low rate of complications.
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