
Review Article

Obere Extremität 2021 · 16:247–254
https://doi.org/10.1007/s11678-021-00657-6
Received: 3 May 2021
Accepted: 26 May 2021
Published online: 3 September 2021
© The Author(s) 2021

Joint-preserving surgical
treatment options for irreparable
posterosuperior rotator cuff tear
Partial repair, superior capsular reconstruction, latissimus
dorsi, lower trapezius, or a balloon?

Florian Grubhofer1 · Jon JP Warner2
1 University Hospital Balgrist, University of Zurich, Zurich, Switzerland
2Harvard Shoulder Service, Massachusetts General Hospital, Harvard Medical School, Boston, USA

JonJPWarner is theseniorauthor.

ScanQRcode&readarticleonline

Abstract

Treatment of irreparable rotator cuff tears in young active patients is challenging.
A variety of therapeutic options are available. Only a few joint-preserving treatment
options show reliable improvements over a long-term follow-up period. However,
the treatment outcomes of joint preservation procedures are not comparable to
those of RTSA, as patients are typically younger and have higher expectations. It is
remarkable that most of the joint-preserving therapeutic options for irreparable rotator
cuff ruptures lack long-term treatment results. This article highlights the indications,
technical aspects, and treatment outcomes of the most commonly performed joint-
preserving surgeries for irreparable rotator cuff rupture.

Keywords
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Introduction

The authors strongly believe that the suc-
cess of treatment of irreparable postero-
superior rotator cuff tear (IPRCT) depends
primarily on the indication for the respec-
tive treatment, and secondarily on the cor-
rect technical execution of the operation
per se.

Different joint-preserving treatment
options exist, but an established thera-
peutic algorithm does not yet exist even
though shoulder societies like the Ameri-
can Shoulder and Elbow Surgeons (ASES)
are actively striving for it. For example,
the Neer Circle (elected association of
110 ASES members) tried to establish
a treatment algorithm based on expert
opinion using a Delphi process. It was
found that there was consensus for only
a fewnon-joint-preserving scenarios—the
majority of the experts’ approaches dif-

fered, particularly in the joint-preserving
scenarios.

The joint-preserving surgical treatment
methods discussed in this article include:
– arthroscopicpartial repair (APR)+ biceps

tenodesis or tenotomy
– superior capsular reconstruction (SCR)
– tendon transfer (lower trapezius and

latissimus dorsi)
– subacromial balloon implantation

The treatment decision-making process
depends, from the authors’ point of view,
on the three following factors:
1. biological age
2. chief complaint (pain, weakness,

stiffness)
3. rotator cuff tear (RCT) pattern accord-

ing to the classification of Collin et al.
[7];. Fig. 1

In this review, joint-preserving surgical
treatment options are highlighted in terms

Obere Extremität 4 · 2021 247

https://doi.org/10.1007/s11678-021-00657-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s11678-021-00657-6&domain=pdf
http://orcid.org/0000-0003-4653-1600


Review Article

Supraspinatus

Infraspinatus
Superior

subscapularis

Inferior
subscapularis

Type A Type B Type C

Type EType Da b

Fig. 19Descriptive classi-
fication of irreparable pos-
terosuperior rotator cuff
tears according to Collin
et al. [7]. (a) Schematic lat-
eral view on humeruswith
anterior Subscapularis ten-
don, superior Supraspina-
tus tendon, posterior In-
fraspinatus and Teresmi-
nor tendon, (b) Schematic
illustration of irreparable
tendon tears (illustrated in
red)

of biomechanics, surgical technique, and
treatment outcomes. In addition, a treat-
ment algorithm used in the authors’ clinics
is presented (. Fig. 2).

Arthroscopicpartial repair+ biceps
tenodesis/tenotomy

Indication according to the
treatment algorithm

– Biological age: young patients with
low demands

– Chief complaint: pain, pain combined
with stiffness

– Pattern of irreparable RCT: A, C, D, E

Strengths and weaknesses

– + All-arthroscopic procedure, promis-
ing mid-term outcomes

– – Weakness for external rotation
or flexion is better addressed with
a tendon transfer. Long-term data
lacking

Abbreviations

APR Arthroscopic partial repair
ASES American Shoulder and Elbow

Surgeons
IPRCT Irreparable posterosuperior rotator

cuff tear
JSES Journal of Shoulder and Elbow

Surgery
LDT Latissimus dorsi tendon transfer
LTT Lower trapezius transfer
RTSA Reverse total shoulder arthroplasty
SCR Suprascapular reconstruction

Biomechanical considerations and
surgical technique

The goal of arthroscopic partial repair is to
restore the force couple consisting of the
remaining subscapularis and infraspinatus
tendons [5]. Complete anatomic recon-
struction of the rotator cuff is no longer
possible because of the advanced retrac-
tion. The upper edge of the infraspinatus
tendon is reattached as far as possible to
the original insertion site. The biceps ten-
don is either tenodesized or tenodized.
It is known and has been published by
Boileau et al. that treatment of the bi-
ceps alone significantly improves shoul-
der function and satisfaction in patients
with massive irreparable RCTs [3]. In pa-
tients with irreparable posterosuperior ro-
tator cuff tears (IPRCT) and concomitant
shoulder stiffness, the treatment results
of tendon transfer are poor; accordingly,
from the authors’ point of view, shoul-
der stiffness is a relative contraindication
for tendon transfers or SCR. In young
patients with a painful and at the same
time stiffened shoulder, APR can be con-
sidered as a treatment option and should
be combined with arthroscopic capsular
release. Postoperative mobilization be-
gins passively from the first postopera-
tive day, with actively assisted range-of-
motion exercises from the 4th–6th post-
operative week. Gentle strengthening to
a maximum of 5kg begins between the
10th and 12th postoperative weeks. Full
weightbearing is allowed from the 16th
postoperative week.

Results

The clinical results of APR in short- and
mid-term follow-up show significantly im-
proved shoulder function and patient sat-
isfaction [8, 20, 27, 33]. Interestingly, the
5-year outcomes of patients treated with
APR for irreparable massive rotator cuff
tear are comparable to the outcomes of
patients who underwent anatomic arthro-
scopic reconstruction of reparablemassive
RCTs [21]. The integrity of the teres minor
was found to be an important predictive
factor [1, 29]. Radiologically, re-rupture of
the partial repair was described in 49%
[23]. No clinical outcome differences were
seen between patients after APR versus
arthroscopically assisted latissimus dorsi
tendon transfer (LDT) during a short-term
follow-up period [1]. A randomized trial
demonstrated no significant difference in
clinical treatment outcomes 2 years after
APR vs. SCR in 41 patients [19].

Superior capsular reconstruction

Indication according to the
algorithm

– Biological age: young patients with
low demands.

– Chief complaint: pain
– Pattern of irreparable RCT: A, isolated

irreparable supraspinatus tear

Strengths and weaknesses

– + All-arthroscopic procedure (if allo-
graft is used).

– – Allo-/or autograft (fascia lata) neces-
sary, long-term outcome data pending,
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Fig. 28 Flowchart of the authors’ preferred treatment algorithmof irreparable posterosuperior rotator cuff.LDT latissimus
dorsi tendontransfer,LTT lower trapezius transfer,SCR suprascapular reconstruction,APRarthroscopicpartial repair,RTSA re-
verse total shoulder arthroplasty. aaccording to Collin Classification for irreparable rotator cuff tears

implant costs (allograft and multiple
anchors).

– Risk factors for poor outcome: ir-
reparable posterior rotator cuff rupture
(infraspinatus and/or especially with
involvement of teres minor), surgeon’s
experience (<10).

Biomechanics

According to SCR inventor T. Mihata, im-
plantation of an auto- or allograft mem-
brane that replaces the superior capsule
and the irreparable rotator cuff leads to im-
proved vertical stability and thus reduces
subacromial impingement [25]. Further-
more, the implanted membrane acts as
an anchor for the remaining subscapu-
laris and infraspinatus tendons, leading to

an increase in their tendon tension and
thereby restoring the force couple [26].

Surgical technique

The procedure is performed arthroscop-
ically in a beach chair position. At the
authors’ institutions, a 3-mm dermal al-
lograft is used. After thorough subacro-
mial debridement and arthroscopic biceps
tenotomyor tenodesis, partial repair of the
remaining rotator cuff is performed if pos-
sible. The superior glenoid is debrided and
exposed to fix the allograft with two to
threeanchorsmediallybetweenthe10and
12 o’clock positions. Fixation on the lateral
aspect of thegreater tuberosity is achieved
withadouble-rowsuturebridge technique
with the arm held at 45° of abduction.

Postoperatively, patients are immobilized
in a 45-degree abduction pillow for a total
of 6 weeks, starting with passive range of
motion between 4 and 6 weeks and active
assistive range of motion between 6 and
8 weeks. Light weightbearing is allowed
after 10 to 12 weeks. Unlimited weight
bearing is allowed 16 weeks postopera-
tively.

Results

Clinical outcomes from the authors’ clinic
(Massachusetts General Hospital) were
published in the Journal of Shoulder and
Elbow Surgery in 2019 [34]. The results
were exceedingly modest. In total, SCR
surgery was performed in 65 patients by
6 different fellowship-trained shoulder
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surgeons within the period from Jan-
uary 2015 to November 2017; however,
31 patients had to be excluded as they
were not available for 12-month follow-
up. Of the 34 patients included, 65%
were dissatisfied with the treatment out-
come at a mean follow-up of 12 months.
The 1- and 2-year failure-free survival
rates were 34 and 16%, respectively. The
1- and 2-year “free of reoperation rate”
was 64 and 44%, respectively. There was
no significant improvement in shoulder
function or pain with SCR surgery. Risk
factors for a poor treatment outcome
were the extent of fatty infiltration in
the infraspinatus muscles and the num-
ber of SCR operations performed by the
operating surgeon (<10). It should be
emphasized that numerous level III and IV
studies exist that show good to excellent
short- and mid-term results, even in pa-
tients with preoperative pseudoparalysis
[4, 6, 24].

Nevertheless, the poor treatment re-
sults at the authors’ institution (Mas-
sachusetts General Hospital) have led to
a drastic reduction of the indication for
SCR, which is now only considered in
patients with strictly isolated supraspina-
tus tendon tears or type A lesions. The
majority of patients—especially those
with advanced fatty degeneration of the
posterosuperior rotator cuff muscles (in-
fraspinatus and teres minor)—are treated
according to the treatment algorithmwith
tendon transfer.

Lower trapezius transfer

Indication according to the
algorithm

– Biological age: young patients with
high demands

– Chief complaint: weakness; weakness
for external rotation>weakness for
flexion

– Pattern of irreparable RCT: A, C, D, E or
isolated irreparable infraspinatus and
teres minor tear.

Strengths and weaknesses

– + Addresses posterior cuff deficiency
of infraspinatus AND teres minor,
technically less demanding than

latissimus dorsi transfer—especially
in obese patients, force vector of the
lower trapezius similar to posterior cuff
muscles, primarily synergistic muscle
(lower trapezius muscle contracts with
external rotation). Potential treatment
option in patients with an additional
irreparable subscapularis lesion (with
combined anterior latissimus dorsi
transfer; Elhassan B.; in submission
process, not yet published).

– – Auto- or allograft necessary, long-
term outcome data pending, par-
tially open procedure, implant cost
(allograft).

– Risk factors for poor outcome: dia-
betes mellitus → stiffness, deltoid
dysfunction, non-compliance.

Biomechanics

LTT was originally developed to treat pa-
tients with brachial plexus palsy [2, 11].
These patients suffer in particular from
a lack of external rotation due to fail-
ure of the external rotator muscles (in-
fraspinatus and teres minor). In addi-
tion, cervical nerve root 5 is frequently
involved, which causes dysfunction of the
deltoid muscle. Prior to development of
LTT, these patients with deltoid dysfunc-
tion were treated with LDT. A common
complication in these patients was pos-
terior (sub)dislocation, which led to the
search for an alternative tendon transfer
to the LDT [2, 11]. In this regard, LTT was
developed by Elhassan to address these
patients with less complications [13]. It
was shownbiomechanically that LTT trans-
fer, leaving the latissimus dorsi tendon in-
tact, did not present posterior instability
problems in these patients with deltoid
dysfunction [12].

Subsequently, this technique was also
used in patients with irreparable rotator
cuff rupture. Biomechanically, the force
vector of the inferior trapezius portion
was found to be similar to that of the in-
fraspinatus and teres minor muscles. An-
other advantage of the lower trapezius
muscle is its synergistic action with the
infraspinatus and teres minor, as the mus-
cle contracts during glenohumeral exter-
nal rotation. A disadvantage of the lower
trapezius muscle is the reduced excursion
of the muscle as well as the short tendon

length, which makes direct fixation to the
greater tuberosity impossible. Therefore,
interpositional tenodesis with an allograft
or autograft is necessary.

Surgical technique

The technique is described very clearly
in the publication by Wagner et al. [14].
Here, the authors wish to point out the
most important steps and possible sources
of error, which are crucial for the outcome
of the operation in their opinion.

Positioning. The procedure can be per-
formed in a beach chair or lateral decubi-
tus position. The positioning is crucial for
this surgery. Positioning and subsequent
draping must allow for good exposure of
the medial scapular border. A common
mistake is that the scapula is insufficiently
exposed.

Skin incision.Originally, an L-shaped skin
incision was described. Nowadays, an
oblique skin incision which starts medi-
ally 1 cm medial to the scapular rim and
1cm inferior to the spina scapulae and
is guided 4–5cm laterally, parallel to the
course of the scapula spine, is preferred.
A common source of error here is that
the skin incision is placed too far laterally.
This can lead to difficult exposure of the
inferior trapezius muscle–tendon unit.

Lower trapezius exposure. Removal of
the fat tissue pad that covers the fascia
of the lower trapezius muscle and ten-
donmakes exposure of the lower trapezius
easier. At the lateral margin of the lower
trapezius, the layer between the trapez-
ius tendon and infraspinatus fascia can be
developed by blunt dissection with the
finger. If this layer can be developed, har-
vest of the lower trapezius tendon is easy
to perform.

Preparation of the graft channel. Ten-
sion- and kinking-free sliding for the auto/
allograft is mandatory. Often the muscle
fascia of the infraspinatus muscle causes
mechanical restrictions for the graft, and it
is therefore important that it be sufficiently
released.
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Arm position during graft–trapezius
tendon tenodesis. During tenodesis the
arm is placed in combined maximal ex-
ternal rotation and 60–90° of abduction.
After tenodesis and postoperatively, it is
crucial that the arm be kept in maximum
external rotation and immobilized in an
external rotation brace. The tension cre-
ated on the back during internal rotation
of the arm is very high and could endan-
ger the tenodesis. Accordingly, it is also
very important to assume a high level of
brace-wearing compliance.

Results

In the study by Elhassan et al., a signifi-
cant improvement in function, pain, and
subjective shoulder score was observed in
32 of 33 patients (mean age 53 years) after
a mean follow-up duration of 47 months
[13]. The better the active and passivemo-
bilitypreoperatively, themore likelyagood
treatment outcome can be assumed. Ac-
cordingly, from the authors’ point of view,
shoulder stiffness is a (relative) contraindi-
cation for tendon transfers. Another study
by Elhassan demonstrated significant im-
provement in shoulder function and pa-
tient satisfaction 12 months postopera-
tively in 90% of a total of 41 patients
[14]. True pseudoparalysis was present
in 46% (19 patients) preoperatively. In
18 of the 19 pseudoparalytic patients, the
pseudoparalysis resolved and a significant
improvement in shoulder function and pa-
tient satisfaction was achieved.

Latissimus dorsi transfer

Indication according to the
algorithm

– Biological age: young patients with
high demands

– Chief complaint: weakness; weakness
for flexion>weakness for external
rotation

– Pattern of irreparable RCT: A, C, D

Strengths and weaknesses

– + Long-term data available showing
sustained improvement even after
12 years. Great excursion of the

latissimusmuscle, no graft needed, low
implant costs (2–3 anchors).

– – Technically challenging, treatment
outcome dependent on the integrity
of the teres minor and subscapularis
muscle, partially open procedure,
latissimus function out of phase
(internal rotator, vertical force vector).

– Risk factors for poor outcome: shoulder
stiffness, irreparable subscapularis tear,
teres minor atrophy, pseudoparalysis,
high critical shoulder angle, previous
rotator cuff surgeries.

Biomechanics

The pioneering description of LDT for
chronic posterosuperior RCTs was pre-
sented by Gerber in 1988 [17].

The latissimus dorsi acts as a power-
ful internal rotator, adductor, and extensor
of the humerus in the glenohumeral joint.
The force vector is significantly more verti-
cal than the lower trapezius portion due to
its natural course. However, the latissimus
dorsi muscle exhibits such good excursion
that the tendon can be inserted directly
at the superolateral facet of the greater
tuberosity. The transfer restores the force
couple of the rotator cuff, allowing cen-
tering of the humeral head during deltoid
activation.

Surgical technique

The procedure was first described as an
open procedure in a lateral decubitus po-
sition [15]. Nowadays, the majority of the
procedure is arthroscopically assisted, with
the patient in the beach chair position
and the tendon being harvested openly
through a skin incision along the posterior
axillary fold [18]. Theall-arthroscopic tech-
nique has also been described, although
it has not yet become widely performed
[9]. The advantages of the arthroscopi-
cally assisted approach are the ability to
supply the subscapularis tendon, perform
a partial repair of the posterosuperior ro-
tator cuff tendons if possible, sparing of
the deltoid muscle, and less scarring.

There are several descriptions of
arthroscopically assisted LDT. A par-
ticularly illustrative presentation of the
single surgical steps can be viewed
on VuMedi. link: https://www.vumedi.

com/share/a5eb4a01-32d6-4aac-a300-
3b099041e440/.

Herein, the authors focus on the pearls
and pitfalls of the technique:

Positioning. In beach chair positioning,
an arm holder can be attached ipsilater-
ally. With maximum flexion and internal
rotation of the arm, the posterior axial
fold, which corresponds to the latissimus
dorsi muscle and tendon, is stretched to
the maximum. In this position, the skin
incision and harvest of the tendon from
the humerus should be performed.

Harvest. The latissimus tendon is wide
and long, and the teres major tendon is
short. The layer between the latissimus
tendon and muscle belly must be clearly
separated before tendon release. Tendon
release can be performed either openly
via the axilla or arthroscopically.

Muscular release. The latissimus muscle
has a very high excursion if the muscu-
lar release is performed adequately. The
muscle belly should be released posteri-
orly and far distally. Anteriorly, attention
must be paid to the nerve pedicle, which
enters the muscle anteriorly about 14 cm
distal to the tendinous attachment.

Tendon shuttle. The layer between the
deltoid muscle and the posterior cuffmus-
cles (infraspinatus and teres minor) should
be dissected wide open, both from in-
traarticularly and via the open approach
posteriorly to allow the tendon transfer to
glide freely.

Fixation of the tendon. The anterome-
dial and anterolateral tagging sutures are
fixed anteriorly at the superolateral aspect
of the greater tuberosity via knotless an-
chors. The fixation is facilitated if the re-
spective sutures are shuttled out through
a separate anteromedial and anterolateral
portal. A third anchor might be needed at
theposterior aspector thegreater tuberos-
ity to avoid windshield whipper effect of
the tendon.

Postoperative rehabilitation. Patient
compliance is important and should be
assessed preoperatively. Postoperative
immobilization in a 30-degree abduction
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pad for 6–8 weeks. Passive and active
assistive exercise therapy after 8 weeks,
gentle strengthening after 12 weeks,
and transition to full weightbearing after
16 weeks.

Results

A major strength of LDT as a treatment
option is that it is the only therapeutic op-
tion for the treatment of IPRCT for which
long-term results are available [10, 16]. In
the study by Gerber et al., with a mean
follow-up of 12 years (minimum follow-up
of 10 years), it was shown that shoulder
function(Constantscore%pre-vs. postop-
erative: 56 vs 80%) andpatient satisfaction
(subjective shoulder value from preopera-
tive29 topostoperative70%)of44patients
with 46 operated shoulders were sustain-
ably improved over this long period [16].
Mid-term results of the newer arthroscop-
ically assisted technique are also available
and do not differ significantly from the
open technique [32]. Long-term failure
rates range from 10% [10] to 14% [32]
and 30% [16].

Over theyears, the following risk factors
for poor outcome have been identified:
fatty atrophy of the teres minor muscle,
preoperative pseudoparalysis, excessively
high critical shoulder angle, irreparable
subscapularis tear, shoulder stiffness, and
previous rotator cuff procedures.

Subacromial balloon

Indication according to the
algorithm

– Biological age: young patients with
low demands

– Chief complaint: pain
– Pattern of irreparable RCT: A, isolated

irreparable supraspinatus tear

Strengths and weaknesses

– + Short operation time, easy to im-
plement surgically, all-arthroscopic
procedure.

– –NotUS Food andDrugAdministration
(FDA) approved, no long-term data
available, implant costs.

– The subacromial balloon spacer has
just yet been approved (June 2021) by

the FDA and, therefore, the authors
have not treated any patients with
a subacromial balloon in Boston to
date; the experience at the Balgrist
is also very limited (<10 cases), with
mixed results.

Biomechanics

The balloon spacer is made of biodegrad-
able copolymer (poly-lactide and ε-capro-
lactone) that is completely broken down
by the body within 1 year. The injected
physiological saline solution starts to de-
flate already after 3 months. The main
biomechanical effect propagated is the
avoidance or even revision of superior de-
centration of the humeral head [28].

Another potential indication is protec-
tion of an arthroscopic rotator cuff recon-
struction using the balloon spacer on top
of the repair to reduce the head in the
glenohumeral joint during the rotator cuff
reconstruction healing period [31].

Results

The evidence of treatment outcomes is
weak, with only mostly level IV and few
level III studies showing good short- to
mid-term results but no superiority com-
pared to patients treated with APR [22].
In the only level I study by Verma N et al.,
no significant differences in clinical out-
comes and patient satisfaction were seen
between theballoon spacer group (n= 93)
and the partial repair group (n= 91). This
study was presented during the ASES an-
nual meeting in October 2020. The study
serves as an FDA approval study. There-
fore, the study patients were allowed to be
treated with a subacromial balloon spacer
in the USA. The approval process is still
pending, and it remains unclear whether
the balloon spacer will be used in the US.

In a systematic review by Stewart RK
et al., a total of 10 level IV and 2 level III
studieswith amean follow-up of 23 (range
12–52) months were investigated [30]. It
was shown that the Constant score was
improved between 19 and 50 points by
Stewart et al. [30]. The complication rate
of 2.1% was relatively low and included
superficial and deep wound infection and
balloon spacer dislocation. In 3 of the
12 studies, surgical time was collected, al-

beit inconsistently, with implantation time
alone lasting an average of 10min (range
2–30min).

A comparison study demonstrated no
statistically significant differences in pain
and clinical outcomes 1 year postopera-
tively between APR alone (n= 16) and APR
and balloon spacer (n= 16) patients [22].

Practical conclusion

– The majority of the authors’ younger
patients with irreparable posterosupe-
rior tears of the rotator cuff are treated
with tendon transfers in combination
with partial repair.

– Only in very fewselected cases (isolated
irreparable superior rupture with pain
as the chief complaint) is SCR indicated.

– The subacromial balloon spacer has
just been approved in the USA, and in
Switzerland the insurance companies
are also unwilling to cover the costs.
Thus, there is not sufficient experience
to be able to make a statement about
its use.

– Finally, the evidence of the individual
therapy options is mostly based on
level IV and a few level III studies, with
short- to mid-term follow ups—with
the exception of the LTD (10 years
follow up). Level I and level II studies
with long-term follow-up are necessary
to provide clarity on the optimal
treatment strategy.
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