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@ CrossMark

The management of massive irreparable
cuff tears remains a challenge, especially
in young and active patients [1]. When
Gerber et al. [2] published their land-
mark paper in 1988 reporting the out-
come of latissimus dorsi (LD) transfer
for massive irreparable cuff tear, they re-
produced Hoffer’s procedure described
in 1975 to restore active external rota-
tion (ER) in Erbs palsy [3]. However,
patients with Erbs palsy and those with
massive irreparable rotator cuff tear are
twovery differentgroups. Erbspalsycon-
cerns a pediatric population with neuro-
logic palsy, contracture in internal rota-
tion (IR), and glenohumeral (GH) joint
deformation with posterior dislocation
of the shoulder. On the other hand,
massive irreparable posterosuperior cuff
tear concerns an adult population with-
outany neurologic palsy (but tendon rup-
ture), stiffness, or dislocation of the joint.
Therefore, different results can stem from
the same technique when proposed for
two different pathologies or groups of
patients. The results of the Gerber tech-
nique are still debatable regarding indi-
cations, techniques, and results [4]. Pa-
tient selection plays an important part
in the success of LD transfer. Asso-
ciated subscapularis tear, anterior del-
toid deficit, proximal migration of the
humeral head, poor preoperative func-
tion of the shoulder, and osteoarthritis
are considered contraindications to this
procedure. The purpose of this paper is
to point out that LD transfer
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Massive irreparable rotator cuff

tears

Treatment options, indications, and role of
fully arthroscopic latissimus dorsi transfer

1. can be proposed for other indications
rather than for the sole restoration of
active ER,

2. can be performed entirely arthro-
scopically, and

3. can be combined with a reverse
shoulder arthroplasty.

General considerations

Background

If you wish to converse with me, define
your terms! (Voltaire, 1674-1778)

Massive cuff tear is not synonymous with
irreparable cuff tear, which is different
from pseudoparalytic shoulder.

Massive cuff tear was defined by
Cofield et al. [5] as a lesion with a diam-
eter >5cm, whereas Gerber et al. defined
it as the involvement of a minimum of
two tendons [6]. Experience has shown
that a massive cuff tear can be reduced
and repaired [7].

Irreparable tears can be defined in
terms of retraction [8], fatty infiltration
[9], and atrophy of the muscle belly [10].
Superior escape of the humeral head
with a subacromial distance <6 mm [11],
Hamada stage 3 with acetabulisation of
the acromion [12], general risk factors
(smoking, cholesterol, hypertension, di-
abetes, obesity, cardiovascular, apnea;
[13]), and failed previous cuff repair are
considered as negative prognostic factors
for rotator cuff healing.

Pseudoparalytic shoulder was rede-
fined by Burks et al. [14] as the as-
sociation of a normal passive range of
motion (no stiffness) with no active for-
ward flexion (FF; <45°). We would add
limited active ER and/or IR. A massive
cuff tear is not systematically associated
with pseudoparalysis, as the deltoid is
strong enough to compensate for the cuff
tear; thanks to an intact inferior part
of the subscapularis (“subscapularis mi-
nor”) and/or an intact teres minor (Tm),
a patient can have active forward eleva-
tion [15].

In conclusion, whatever the anatomic
status of the rotator cuff, some pa-
tients have a functional shoulder with
a—quite—normal active range of mo-
tion (ROM). On the other hand, others
have a non-functional shoulder as they
have lost active ROM in one (or more)
direction: FE ER, and/or IR.

Why does a functional shoulder
become non-functional?

Burkhart et al. [16] defined the balance
of the shoulder in the horizontal plane.

In the vertical plane, the supraspina-
tus (SS) counterbalances the deltoid to
allow elevation of the shoulder. In case of
aweak SS, superior escape of the shoulder
canbe observed and the acromiohumeral
distance decreases. Boileau et al. [17]
defined this situation as isolated loss of
elevation (active) or ILEA. The patient
has lost active elevation, but still has ac-
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Fig. 1 A The three patterns of irreparable cuff tear:isolated loss of elevation active (ILEA), isolated
loss of external rotation (/LER), and isolated loss of internal rotation (/L/R) can each lead to a non-func-
tional shoulder, i.e., to the inability to achieve active elevation, external rotation, or internal rotation.
Combination of two of these patterns could lead to a real pseudoparalytic shoulder (combined loss of
elevation and external rotation, combined loss of elevation and internal rotation, or both)

tive external rotation. This is the vertical
imbalance of the shoulder.

In the horizontal plane, the external
rotators (infraspinatus, IS; Tm) counter-
balance the internal rotators (subscapu-
laris, Sscp; pectoralis major, PM; LD;
teres major, TM). In case of a weak IS
and/or Tm, there is a lack of active ex-
ternal rotation either in ER1 (external
rotation with the elbow at the side) or
ER2 (external rotation with the shoulder
at 90° of abduction). Boileau et al. [17,
18] defined this situation as isolated loss
of external rotation (active) or ILER. The
patient is able to elevate the arm but un-
able to achieve (active) ER. This is the
horizontal imbalance of the shoulder.

In cases of massive posterosuperior
rotator cuff tear with both vertical and
horizontal imbalance of the shoulder, the
following is observed: weak SS, IS, and
Tm. Boileau et al. [17] defined this sit-
uation as the combined loss of elevation
and external rotation (CLEER). These pa-
tients have a combined deficit in (active)
FF and (active) ER. Collin et al. [19]
showed that this situation (type “D” in
their classification) could lead to postero-
superior escape and 33% pseudoparalytic
shoulder.

In our own experience, two additional
situations need to be defined in case of
Sscp deficiency. The Sscp itself represents
50% of the power of the rotator cuff [20,
21].

In case of a massive Sscp tear, hori-
zontal imbalance of the shoulder can also
be observed. However, this time it is the
weak (active) IR that cannot counterbal-

ance the strong external rotators. The
patient is unable to reach his belt or his
belly with his hand. We define this situ-
ation as isolated loss of internal rotation
(ILIR).

In case of a combined lesion of the
Sscp and SS, there is a combined loss of
elevation and internal rotation (CLEIR).
Collin et al. [19] showed that this sit-
uation (type “B” in their classification)
could lead to anterosuperior escape and
80% pseudoparalytic shoulder.

To sum up, the three patterns of ir-
reparable cufftear (ILEA/ILER/ILIR) can
each lead to a non-functional shoulder,
i.e., to the inability to achieve active FE,
ER, or IR. The combination of two of
these patterns could lead to a real pseu-
doparalytic shoulder (CLEER, CLEIR, or
both; @ Fig. 1).

Correction of vertical imbalance

Two different levels of ILEA must be con-
sidered. In the first situation, the patient
is able to elevate his arm, but this move-
ment is very painful at around 90° of ele-
vation. He must help this elevation with
the contralateral arm to cut the pain. At
170° of elevation, the patient is able to
maintain the position, but it will it be-
come very painful again at 90° of elevation
whenthearmisdescending. Boileauetal.
call this situation the painfulloss of active
elevation (PLAE; [16]). Thissituation can
be considered as an isolated loss of eleva-
tion active “type 1”7 (ILEA type 1). In the
second situation (which is the evolution
of the previous situation), the patient is

not able to elevate his shoulder because
of both the pain and the weakness of his
shoulder. Boileau et al. call this situa-
tion the isolated loss of elevation active
(ILEA; [16]). This second situation can
be considered as an isolated loss of ele-
vation active “type 2” (ILEA type 2). In
both situations (ILEA types 1 and 2), the
patient preserves some (active) ER and
IR.

Treatment of ILEA type 1

To replace the irreversibly lost posterosu-
perior contractile elements, LD muscle-
tendon transfer can be performed, pro-
viding good results. Associated irrepara-
ble subscapularis tear, deltoid palsy, and
associated arthritis are contraindications
to LD transfer. Several authors have in-
vestigated different techniques for per-
forming the LD muscle-tendon transfer
in open surgery, reporting variable re-
sults (single or double incision, LD aug-
mentation with patch, or harvested along
with a small piece of bone; [4]). Many
techniques have been published to im-
prove the results with a stronger humeral
head fixation [22] or an LD tendon aug-
mentation [23]. Recently, techniques for
arthroscopy-assisted LD muscle-tendon
transfer [24, 25] have been described,
with the advantages of better visualiza-
tion of the neighboring neurovascular
structures at risk (radial nerve, axillary
nerve), no damage to deltoid muscle, and
the ability to address a reparable associ-
ated subscapularis tear or long head of
biceps tendon (LHB) pathology. We de-
veloped [26] a bone tunnel technique for
three main reasons: first, we have shown
that it is the strongest biomechanical fix-
ation onto the humeral head; second, this
technique allows a very precise transfer
fixation zone beyond the center of ro-
tation of the joint (ie., “over-the-top”),
aiming for a passive and active depres-
sor transfer action in combination with
the forward flexion; third, the physiolog-
ical tension of the transfer can be per-
fectly adjusted. Thanks to metallic mark-
ers placed intraoperatively at regular in-
tervals into the transferred tendon, we
showed an early-ruptured tendon rate of
38% (3 months postoperatively), mainly
at the junction between the bone and the
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tendon due to a “guillotine” effect, the
so-called killer turn [27]. Therefore, we
decided to conduct a prospective study
to analyze the rate and modes of fail-
ure of LD transfer with three different
types of fixation. Within a 4-year period
(2014-2017), we performed consecutive
LD transfers either for irreparable pos-
teriosuperior rotator cuff tears or failed
prior repair (ILEA type 1). All the LD
transfers were performed by a single sur-
geon and were arthroscopically assisted
and fixed asfollows: atubularized LD ten-
don fixed into abone tunnel drilled inside
thehumeral head (group 1), a tubularized
LD tendon fixed with three anchors “over
the top” (group 2), and a “flat” tendon
fixed with two Krakow sutures and two
anchors onto a more posterior location
at the junction between the supra- and
the infraspinatus (group 3; @ Fig. 2a—c).
Three metallic markers were systemati-
cally placed intraoperatively in the ten-
don at a fixed distance of 2, 4, and 6 cm
from the tip of the tendon. Immedi-
ate postoperative standard anteroposte-
rior radiographs were obtained and the
position of the markers was compared
with their position on radiographs ob-
tained 6 weeks, 3 months, and 24 months
postoperatively. We compared the rate of
LD transfer rupture with these three types
of fixation and were able to analyze the
level of the tear in each group thanks to
the markers. Constant score, subjective
shoulder value (SSV), simple shoulder
test (SST), activities of daily living requir-
ing active external rotation (ADLER), vi-
sual analogscale (VAS), American Shoul-
der and Elbow Surgeons score (ASES),
and patients’ subjective satisfaction (as-
sessed by self-report questionnaires) at
last follow-up were compared between
the three groups. Included were 152 pa-
tients with a mean age of 62.5 years (range
46-83 years) who underwent arthroscop-
ically assisted LD transfer for ILEA type 1,
59 in group A (the “bone tunnel”), 47 in
group B (the “over the top”), and 46 pa-
tients in group C (the “more posterior
fixation without tension”).

At a mean of 12 months (range 2-
38 months) of follow-up, there were
22 LD ruptures (38%) in group A (66%
ruptures at the bone-tendon interface),
13 LD ruptures (27%) in group B (50%
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Abstract

Management of massive irreparable
posterosuperior rotator cuff tears is a surgical
challenge, particularly in young active
patients without any signs of osteoarthritis.
Different surgical techniques have been
described. To the three main deficits of active
range of motion previously reported for

a massive irreparable cuff tear, i.e., isolated
loss of active elevation (ILEA), isolated

loss of active external rotation (ILER), and
combined loss of elevation and external
rotation (CLEER), we add two new entities:
isolated loss of active internal rotation (ILIR)
and combined loss of active elevation and
active internal rotation (CLEIR). We suggest
that a combined deficit (CLEER or CLEIR) could
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Massive irreparable rotator cuff tears. Treatment options,
indications, and role of fully arthroscopic latissimus dorsi transfer

lead to a new definition of a pseudoparalytic
shoulder and propose a novel algorithm to
redefine the role of latissimus dorsi transfer
in each of these situations. We also describe
a fully arthroscopic latissimus dorsi transfer
technique that prevents any deltoid muscle
insult, offers better visualization of the
neighboring neurovascular structures at risk,
and allows simultaneous management of
biceps pathology and partial rotator cuff
repair.

Keywords
Tendons - Arthroscopy - Pseudoparalytic -
Muscles - Shoulder

Zusammenfassung

Die Behandlung massiver irreparabler poste-
rosuperiorer Rotatorenmanschettenrupturen
stellt eine operative Herausforderung dar,
insbesondere bei jungen aktiven Patienten
ohne Anzeichen einer Arthrose. Verschiedene
Operationstechniken wurden beschrieben. Zu
den bisher beschriebenen 3 Hauptdefiziten
des aktiven Bewegungsumfangs (,range of
motion”) bei einer massiven irreparablen
Rotatorenmanschettenruptur, d. h. isolierter
Verlust der aktiven Armhebung (ILEA), isolier-
ter Verlust der aktiven AuBenrotation (ILER)
und kombinierter Verlust der Armhebung und
AuBenrotation (CLEER), fligen die Autoren

2 neue Entitdten hinzu: isolierter Verlust der
aktiven Innenrotation (ILIR) und kombinierter
Verlust der aktiven Armhebung und aktiven
Innenrotation (CLEIR). Ein kombiniertes
Defizit (CLEER oder CLEIR) kdnnte zu einer

Massive irreparable Rotatorenmanschettenrupturen.
Behandlungsoptionen, Indikationen und Bedeutung des
vollstandig arthroskopischen Latissimus-dorsi-Transfers

neuen Definition der pseudoparalytischen
Schulter fiihren. Die Autoren schlagen
einen neuen Algorithmus vor, um die Rolle
des Latissimus-dorsi-Transfers in diesen
Situationen neu zu definieren. Auch wird die
Technik eines vollstandig arthroskopischen
Latissimus-dorsi-Transfers beschrieben, der
Verletzungen des M. deltoideus verhindert,
eine bessere Visualisierung gefdahrdeter
benachbarter neurovaskuldrer Strukturen
bietet und die gleichzeitige Behandlung von
Bizepspathologien sowie die Rekonstruktion
von Teilrupturen der Rotatorenmanschette
erlaubt.

Schliisselworter
Sehnen - Arthroskopie - Pseudoparalytisch -
Muskeln - Schulter

ruptures at the muscle belly-tendon
interface), and 6 LD ruptures (12%) in
group C (100% ruptures at the suture—an-
chors interface; <0.001; @ Table 1).

The six scores and patient satisfaction
were all significantly lower for patients
who had a ruptured transfer versus those
who had an intact transfer: Constant
score 42.8 versus 68.7 (p=0.001), SSV
489 versus 71.6 (p=0.001), SST 4.8

versus 8.4 (p=0.012), ADLER 19.7 ver-
sus 26.7 (p=0.005), VAS 3.7 versus
2.3 (p=0.082), ASES 55.4 versus 74.8
(p=0.056), and 13% versus 78% satis-
fied or very satisfied patients (p < 0.001),
respectively [27].

Our study shows that a more posterior
fixation onto the supra- and infraspinatus
junction in a tension-free manner seems
to give better results. With this type of
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Fig. 2 < a Group A with
tubularization and tunnel.
b Group B “over the top”
(blue arrow) . c Group C
footprintinfraspinatus.
Blue arrow indicates a more
posterior LD transfer fixa-
tion to decrease the ten-
sion. LD latissimus dorsi

Fig. 3 A a,b, c(right shoulder): in the beach chair position with the arm in a pneumatic arm holder (Spider, Smith & Nephew,
London and Hull, UK), the following portals are used for arthroscopic latissimus dorsi tendon harvesting: the posterior (P),

posterolateral (PL), lateral (L), anterolateral (AL), anterosuperior or suprapectoral (SP), infrapectoral (IS), and medial (M) portals.
LHBlon head of the biceps, PM pectoralis major

fixation, the LD transfer can efficiently
treat ILEA type 1. Consequently, we have
decided to stop tubularization and bone
tunnel fixation, and decided that a “flat”
tendon fixation onto the footprint of the
infraspinatus should be much preferred
to the former technique.

Fully arthroscopic LD transfer
technique

Under general anesthesia supplemented
by local nerve block for better postop-
erative analgesia, in the beach chair po-
sition with the arm in a pneumatic arm
holder (Spider, Smith & Nephew, London
and Hull, UK), the following portals are
used for arthroscopic LD tendon har-
vesting: the posterior (P), anterosupe-
rior (AS), posterolateral (PL), anterolat-
eral (AL) and suprapectoral (SP) portals
(B Fig. 3).

General arthroscopic examination is
performed to assess the GH joint, ad-
dress reparable subscapularis tears, and
to manage biceps pathology. No sub-
acromial decompression is performed to
prevent postoperative superior escape of
the shoulder. Thearthroscopeisswitched
to the PL portal to release the postero-
superior cuff and to additionally prepare
a partial cuff repair, if possible. The dis-
section progresses posteriorly using a ra-
diofrequency probe (VAPR Mitek Sports
Medicine, DePuy Synthes Companies,
Zuchwil, Switzerland) after identification
of the spine of the scapula by the fat
around it. The dissection continues in
an inferomedial direction between the
deltoid posteriorly and the remnant IS
and Tm anteriorly. Visualization of the
vertical fibers of the long head of triceps
(LHT) is performed, taking care not to

injure the axillary nerve crossing through
the quadrilateral space (BFig.4). After
full adequate dissection, a shuttle-relay
is introduced and insufflated from the
posterior portal medially from the LHT.

The scope is switched to the AS portal,
following the LHB tendon in its groove
to reach the (vertical) upper border of the
PM and the conjoint tendon. The “three
sisters” (circumflex vessels) are identi-
fied, marking the inferior border of the
Sscp tendon (BFig.5). Through the SP
portal, a 2cm upper PM release is per-
formed to allow visualization of the LD.
Care is taken to avoid any injury to the
(vertical) axillary nerve, the “three sis-
ters;,” and the (horizontal) radial nerve,
which is found medially at the deep sur-
face of the conjoint tendon and crossing
the superficial surface of the LD and TM
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Table1 Comparison between groups A (tubularization +tunnel), B (over the top), and C (foot-
printS)

Group A Group B Group C
Mode of fixation Tubularization+tunnel  Over the top Footprint IS
Patients (n) 59 47 46
Ruptured LD (%, n) 38,22 27,13 12,6
Rupture zone Bone/tendon (2/3) Muscle/tendon (1/2) Anchors

| LD latissimus dorsi; IS infraspinatus

tendon 4 cm medial to their humeral in-
sertion (B Fig. 6).

The dissection is continued as far as
possible, releasing all connections of the
LD to the LHT (intermuscular septum)
and TM to facilitate passage of the trans-
fer (B Fig.7a). Blunt scissors may also be
used for this step (BFig.7b). It is also
advisable to use switching sticks to aid in
retraction of the PM and conjoint muscle
to help create a working space, while the
arm is in forward flexion and IR. The
two edges of the LD tendon are arthro-
scopically whip-stitched along their me-
dial and lateral border with different col-
ored sutures (Sutureloop, VIMS, Saint-
Jory, France) with a Krakow technique
(B Fig. 8). The LD insertion is then re-
leased from the humerus at the crest of
the lesser tubercle.

The sutures are then shuttled and re-
trieved from the posterior portal through
the triangular space (@ Fig. 8a). Sutures
are kept under tension by clamping above
the posterior portal.

The final step is arthroscopic LD fix-
ation at the junction between the foot-
print of the SS and the IS. The two pairs
of sutures, green and blue, are retrieved
with the scope in the AS portal. The LD
excursion is checked to prevent over-ten-
sioning, which could create subsequent
tendon rupture. Thanks to a cannula,
the LD is fixed with appropriate tension
after preparation of the footprint using
two knottless anchors (Versalock, Mitek,
Raynham, MA, USA; BFig.9). Care is
taken to avoid any twisting of the transfer
or impingement under the deltoid due to
insufficient posterior release.

Postoperative rehabilitation & follow-
up. The arm is immobilized using an
abduction pillow in neutral rotation for
6 weeks. Self-assisted passive exercises
in the supine position are started after
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3 weeks. After 6 weeks, the patient begins
slow active rehabilitation. The first goal
is to restore passive flexion and gentle
water exercises are recommended. After
3 months, slow strengthening exercises
are started. Electromyography (EMG) is
systematically performed at 12 months
postoperatively to control whether the
transferred tendon is active (or dynamic)
or not (sole tenodesis effect).

Complications and risks. This is a de-
manding procedureand experimentation
in the anatomy laboratory with cadavers
is mandatory. High risks can be consid-
ered, such as radial and/or axillary nerve
lesion. We report one case of transitory
radial nerve palsy. Nevertheless, these
complications are not more frequent than
after the open or arthroscopically assisted
technique. Making a large passageway to
obtain appropriate unobstructed excur-
sion for the transfer, release of the LD
from the TM, and harvesting the LD ten-
don with two Krakow suturesare the three
most demanding steps of the procedure.

Treatment of ILEA type 2

No tendon transfer is strong enough to
compensate a totalloss of active elevation.
Plagenoef et al. [28] and de Leva et al.
[29] showed that the upper limb length
is 40% of the body height and the upper
limb weight is 5.7% of the body weight.
In order for the shoulder to perform el-
evation, the humeral head needs to be
centered in front of the glenoid vault.
This is made possible by the contraction
of the rotator cuff muscles around the
shoulder. Therefore, these need to be
strong enough to allow dynamic center-
ing of the humeral head. In this situation,
only modification of the center of rota-
tion of the joint by a reverse shoulder
arthroplasty can recreate elevation. This

leads to medialization of the center of
rotation and increases the torque of the
deltoid to allow active elevation.

Alternatives to LD transferin ILEA

Tenotomy of the LHB has been proposed
[30] but is not an option if already per-
formed with persistence of symptoms.
Partial repair can be another option [31].
This can be combined with LD transfer
as a dynamic, biologic, and augmenta-
tion patch [32]. Superior capsular recon-
struction has been published in such an
indication; however, in their study, Mi-
hata et al. [33] reported the results of
patients with a mean preoperative active
elevation of 84°. This differs from our
definition of a pseudoparalytic shoulder.
Implantation of a subacromial spacer [34]
has also been proposed, but neither long-
term follow-up nor dynamic effects have
been reported to date.

Correction of horizontal
imbalance of the shoulder

Both deficit in external and in internal ro-
tation (ILER and ILIR) have to be treated
separately.

Restoration of (active) external
rotation (ILER)

The first option was described by
LEpiscopo (1934), with a double transfer
(LD and TM) around the humerus to
restore external rotation through a dou-
ble anterior and posterior approach
[35]. Boileau et al. [36] modified the
LEpiscopo technique by a single anterior
approach and reinserted both the LD
and TM onto the posterior surface of the
humerus at the level of their anatomic
insertion. We proposed a second op-
tion to get a stronger tendon fixation
by fixing the tendon through a bone
tunnel but more posteriorly than for
ILEA type 1, behind the center of ro-
tation of the humeral head (HH) (at
the IS footprint), looking for a (real)
active external rotation transfer. We re-
ported restoration of 12-15° active ER1
only [37]. Biomechanical and anatom-
ical studies [38, 39] showed that lower
trapezius transfer could be more efficient



Fig. 4 A Posterior dissection (right shoulder). Visualization of the vertical
fibers of the long head of triceps is achieved, taking care not to injure the
axillary nerve crossing through the quadrilateral space. White arrow route
for the transfer

Fig. 5 A Rightshoulder: the scope is switched to the anterosuperior portal
following the long head of biceps tendon in its groove to reach the (vertical)
upper border of the pectoralis major and the conjoint tendon. The “three

sisters” (circumflex vessels) are identified, marking the inferior border of the

for restoring ER1 than LD transfer. On
the other hand, LD transfer can better
restore active ER2. Indeed, the trapezius
has a similar line of pull to that of the
IS (ER1), whereas the LD has a more
similar line of pull than the Tm (ER2).
Therefore, a third option is currently
proposed to restore active ER1: lower
trapezius transfer [40]. However, there
are some drawbacks, as this transfer is
too short to reach the humeral head and
an allograft is mandatory with the risk
of failed healing or rupture.

subscapularis tendon. White arrow route for the transfer

Fig. 6 < Right
shoulder: careis
taken to avoid any
injury to the (verti-
cal) axillary nerve,
the “three sisters,”
and the (horizontal)
radial nerve, which
isfound medially at
the deep surface of
the conjoint tendon
and crossing the su-
perficial surface of
the latissimus dorsi
and teres major
tendon 4 cm medial
to theirhumeral
insertion

Restoration of (active) internal
rotation (ILIR)

Wirth and Rockwood proposed a first
option in 1996: transfer of the PM to re-
store active internal rotation [41]. Resh
etal. [42] published long-term follow-up
with satisfactory results in terms of pain
relief. Since 1996, different techniques
have been published to improve results
using either the sternal head of the PM or
the clavicular head of the PM. No clinical
differences were found between the two
differentheads of the PM [43]. Asthe PM
originates from the anterior chest wall,
whereas the Sscp comes from the pos-
terior chest wall, this PM transfer was

proposed to be passed underneath the
conjoint tendon, proximal to the mus-
culocutaneous and axillary nerves, to re-
produce a more anatomic line of pull
of the Sscp on the shoulder. But this
modification creates a 90° turn, which
can limit excursion of the transfer. No
clinical differences were found with such
a modification. Finally, the PM trans-
fer probably acts more with a tenodesis
effect (or even with an interposition ef-
fect alone) than with a real active effect.
A second option was proposed by El-
hassan et al. [44] with the LD for three
reasons: first, it comes from the poste-
rior chest wall, as does the Sscp; sec-
ond, it has almost the same direction
as the distal part of the Sscp (which is
the strongest and muscular part); third,
it is an internal rotator, as is the Sscp,
and it is synergistic. We published the
first clinical experience with an assisted
arthroscopic technique. We performed it
with a “full” arthroscopic technique [45].
The installation and anterior dissection
are the same as described previously for
ILEA type 1. Similarly, the LD tendon is
harvested arthroscopically with two blue
and green sutures with a Krakow tech-
nique. No axillary incision is necessary
as the LD is pulled up anteriorly to the
Sscp insertion. The two pairs of sutures
are just pulled up to the AS portal and
the LD is fixed with two Versalok (Mitek,
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Fig. 9 < Right
shoulder: thanks to
acannula, thelLD

is fixed with appro-
priate tension after
preparation of the
footprint using two
knottless anchors
(Versalock, Mitek
Sports Medicine,
DePuy Synthes
Companies, Zuch-
wil, Switzerland)

Fig. 7 < aRight shoulder:
the dissection is continued
asfaras possible, releas-
ing all connections of the
latissimus dorsi (straight
white line distal edge of the
latissimus dorsi) to the long
head of triceps (intermus-
cular septum [curved white
line] connecting the latis-
simus dorsi and the long
head of the triceps) and
teres major tofacilitate pas-
sage of the transfer. b Left
shoulder: blunt scissors
may also be used for this
step

Fig. 8 < aLeft shoul-

der: the two edges of

the latissimus dorsi ten-
don are arthroscopically
whip-stitched along me-
dialand lateral borderswith
green and blue sutures (Su-
tureloop, VIMS, Saint-Jory,
France) with a Krakow
technique (white and black
arrows). b Right shoulder:
thereafter, the latissimus
dorsi (LD) insertion is re-
leased from the humerus
atthe crest of the lesser
tubercle. The sutures are
then shuttled and retrieved
from the posterior portal
(green arrow) through the
triangular space

Raynham, MA, USA) onto the footprint
of the Sscp after freshening with a mo-
torized burr.

Correction of horizontal and
vertical imbalance of the
shoulder (CLEER, CLEIR)

Both CLEER and CLEIR have to be
treated separately.

With reverse shoulder arthroplasty
alone (RSA), the vertical balance can
be restored but the horizontal balance
cannot. Absence of rotation is the price
to pay if nothing else is done in addition
to RSA. In the same way, an isolated
LD transfer can fail to treat both the
vertical and horizontal imbalance of the
shoulder. Tendon transfers have some
rules that must be respected: firstly,



one tendon means one transfer only
and therefore one function only and
secondly, a transfer causes a decline in
muscle power [20].

Treatment of CLEER

In case of CLEER (which is a pseudopar-
alytic shoulder), a minimum of two rup-
tured tendons (or more) are observed.
This is the reason why Neyton et al. [46]
proposed a first option: RSA combined
with a modified LEpiscopo technique.
Through a single deltopectoral approach,
the procedure is made easier because the
humerus can be dislocated to improve
exposure and to facilitate tendon har-
vest and transfer. After implantation of
an RSA, active external and internal ro-
tations could be improved by increasing
the recruitment of medial fibers of the
deltoid and by tensioning the remaining
external and internal rotators. This could
be achieved by increasing the lateral off-
set of the RSA, either by using RSA with
a lateralized design or by using a biologi-
cal (bony) lateralization with a BIO-RSA
(bony increased offset; [47]). Therefore,
lateralized RSA could be an option to
manage patients with CLEER by restoring
both elevation and ER. Nevertheless, this
option requires the presence of a strong
and functional Tm.

Treatment of CLEIR

In case of CLEIR (which is a pseudopar-
alytic shoulder) a minimum of two rup-
tured tendons (or more) are observed.
Werthel and Elhassan [48] have proposed
RSA plus transfer of PM, as this seems
to be the best option to restore both
deficits of elevation and internal rotation.
With such an option, a lateralized RSA
can prevent mechanical impingement be-
tween the humerus and the glenosphere,
as a strong Sscp cannot recreate a good
IR with a Grammont-type RSA.

Practical conclusion

The LD transfer has lots of indications
in the irreparable cuff tear. It has a very
good indication for partial isolated loss
of active elevation (ILEA type 1) and for
isolated loss of internal rotation (ILIR).

It could be indicated in isolated loss of
external rotation (ILER), but the lower
trapezius transfer seems better suited.
It has a good indication in case of total
isolated loss of active elevation (ILEA
type 2) and combined loss of elevation
and external rotation (CLEER) in associa-
tion with RSA.

Corresponding address

J. Kany, MD

Clinique de I'Union
Boulevard de Ratalens,
31240 Saint Jean, Toulouse,
France
jean.kany@clinique-union.fr

(2

Compliance with ethical
guidelines

Conflict of interest. J.Kanyis consultant for VIMS &
DePuy, Mitek and receives royalties from FH Orthope-
dics (Arrow shoulder prosthesis). J.D. Werthel receives
royalties from FH Orthopedics (Arrow shoulder pros-
thesis). H. Anis declares that he has no competing
interests.

This article does not contain any studies with human

participants or animals performed by any of the au-
thors.

References

—

. BediA, DinesJ, Warren RF, Dines DM (1984) Massive
tears of the rotator cuff. J Bone Joint Surg Am
92:1894-1908. https://doi.org/10.2106/JBJS.I.
01531

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

Hoffer MM, Wickenden R, Roper B (1978) Brachial
plexus birth palsies. Results of tendon transfers to
the rotator cuff. JBone Joint Surg Am 60:691-695
4. Grimberg J, Kany J (2014) Latissimus dorsi tendon
transfer for irreparable postero-superior cuff
tears: Current concepts, indications, and recent
advances. Curr Rev Musculoskelet Med 7:22-32.
https://doi.org/10.1007/s12178-013-9196-5
Hattrup SJ, Cofield RH, Berquist TH, McGough PF,
Hoffmeyer PJ (1992) Shoulder arthrography for
determination of size of rotator cufftear. J Shoulder
Elbow Surg 1:98-105. https://doi.org/10.1016/
S$1058-2746

Gerber C, Fuchs B, Hodler J (2000) The results of
repair of massive tears of the rotator cuff. J Bone
JointSurg Am 82:505-515

Noyes MP, Ladermann A, Denard PJ (2017)
Functional outcome and healing of large and mas-
sive rotator cuff tears repaired with a load-sharing
rip-stop construct. Arthroscopy 33:1654-1658.
https://doi.org/10.1016/j.arthro.2017.04.003

g

w

b

o

~

1

1

2

2

2

2

2

2

oo

O

N

w

o

~

(o]

9.

o

2.

3.

>

w1

. Patte D (1990) Classification of rotator cuff lesions.

ClinOrthop RelatRes 254:81-86

. Goutallier D, Postel JM, Bernageau J, Lavau L,

Voisin MC(1994) Fatty muscle degenerationin cuff
ruptures. Pre- and postoperative evaluation by CT-
scan. Clin Orthop RelatRes 304:78-83

. Thomazeau H, Rolland Y, Lucas C, Duval JM,

Langlais F (1996) Atrophy of the supraspinatus
belly. Assessmentby MRIin 55 patients with rotator
cuff pathology. Acta Orthop Scand 67:264-268

. Nové-Josserand L, Lévigne C, Noél E, Walch G

(1996) The acromio-humeral interval. A study of
the factors influencing its height. Rev Chir Orthop
Reparatrice Appar Mot 82:379-385

. HamadaK, FukudaH, Mikasa M, KobayashiY (1990)

Roentgenographicfindings in massive rotator cuff
tears. A long-term observation. Clin Orthop Relat
Res 254:92-96

. Neyton L, Godenéche A, Nové-Josserand L,

Carrillon Y, Cléchet J,Hardy MB (2013) Arthroscopic
suture-bridge repair for small to medium size
supraspinatus tear: Healing rate andretearpattern.
Arthroscopy 29:10-17. https://doi.org/10.1016/j.
arthro.2012.06.020

Burks RT, Tashjian RZ (2017) Should we have

a better definition of pseudoparalysis in patients
withrotatorcufftears? Arthroscopy 33:2281-2283.
https://doi.org/10.1016/j.arthro.2017.07.024

. Collin P, Laddermann A, Le Bourg M, Walch G (2013)

Subscapularis minor—an analogue of the Teres
minor? Orthop Traumatol Surg Res 99:255-258.
https://doi.org/10.1016/j.0tsr.2013.03.003
Burkhart SS (1992) Fluoroscopic comparison of
kinematic pattern in massive rotator cuff tears. A
suspension bridge model. Clin Orthop Relat Res
284:144-152

. Boileau P, McClelland WBJ, Rumian AP (2014)

Massive irreparable rotator cuff tears: How to
rebalance the cuff-deficient shoulder. Instr Course
Lect63:71-83

. Boileau P, Baba M, McClelland WB Jr, Thélu CE,

Trojani C, Bronsard N (2018) Isolated loss of active
external rotation: A distinct entity and results of
L'Episcopo tendon transfer. J Shoulder Elbow Surg
27:499-509. https://doi.org/10.1016/j.jse.2017.
07.008

Collin P, Matsumura N, Ladermann A, Denard PJ,
Walch G (2014) Relationship between massive
chronic rotator cuff tear pattern and loss of active
shoulder range of motion. J Shoulder Elbow Surg
23:1195-1202. https://doi.org/10.1016/j.jse.2013.
11.019

. Keating IF, Waterworth P, Shaw-Dunn J (1993) The

relative strength of the rotator cuff muscles. JBone
JtSurg75B:137-141

. Bassett RW, Browne AO, Money BF (1990) Gleno-

humeral muscle force and moment mechanics
in a position of shoulder instability. J Biomech
23:403-412

Moursy M, Forstner R, Koller H, Resch H, Tauber
M (2009) Latissimus dorsi tendon transfer for
irreparable rotator cufftears: Amodified technique
to improve tendon transfer integrity. JBone Joint
Surg Am 91:1924-1931. https://doi.org/10.2106/
JBJS.H.00515

Debeer P, De Smet L (2010) Outcome of latissimus
dorsitransfer forirreparable rotator cufftears. Acta
Orthop Belg 76:449-455

Gervasi E, Causero A, Parodi PC, Raimondo D,
Tancredi G (2007) Arthroscopic latissimus dorsi
transfer. Arthroscopy 23:1243.e1-1243.e4

. Millett PJ, Yen YM, Huang MJ (2008) Arthro-

scopically assisted latissimus dorsi transfer for

Obere Extremitdt 4-2018 | 253


https://doi.org/10.2106/JBJS.I.01531
https://doi.org/10.2106/JBJS.I.01531
https://doi.org/10.1007/s12178-013-9196-5
https://doi.org/10.1016/S1058-2746
https://doi.org/10.1016/S1058-2746
https://doi.org/10.1016/j.arthro.2017.04.003
https://doi.org/10.1016/j.arthro.2012.06.020
https://doi.org/10.1016/j.arthro.2012.06.020
https://doi.org/10.1016/j.arthro.2017.07.024
https://doi.org/10.1016/j.otsr.2013.03.003
https://doi.org/10.1016/j.jse.2017.07.008
https://doi.org/10.1016/j.jse.2017.07.008
https://doi.org/10.1016/j.jse.2013.11.019
https://doi.org/10.1016/j.jse.2013.11.019
https://doi.org/10.2106/JBJS.H.00515
https://doi.org/10.2106/JBJS.H.00515

Review Article

26.

27.

28.

29.

30.

3

=

32.

33.

34,

35.

36.

37.

38.

39.

40.

irreparable rotator cuff tears. Tech Shoulder Elb
Surg 9:76-79

Kany J, Kumar HA, Chang VK, Grimberg J, Garret
J, Valenti P (2010) Mini invasive axillary approach
and arthroscopic humeral head interference screw
fixation for latissimus dorsi transfer in massive and
irreparable posterosuperior rotator cufftears. Tech
Shoulder Elbow Surg 11:8-14

Kany J, Grimberg J, Amaravathi RS, Sekaran P,
Scorpie D, Werthel JD (2018) Arthroscopically-
assisted latissimus dorsi transfer for irreparable
rotator cuff insufficiency: Modes of failure and
clinical correlation. Arthroscopy. https://doi.org/
10.1016/j.arthro.2017.10.052

Plagenhoef S, Evans FG, Abdelnour T (1983)
Anatomical data for analyzing human motion. Res
Q Exerc Sport 54:169-178. https://doi.org/10.
1080/02701367.1983.10605290

de Leva P (1996) Adjustments to Zatsiorsky-
Seluyanov’s segment inertia parameters.
JBiomech29:1223-1230

Boileau P, Baqué F, Valerio L, Ahrens P, Chuinard C,
Trojani C(2007) Isolated arthroscopic biceps teno-
tomy or tenodesis improves symptoms in patients
with massiveirreparable rotator cuff tears. J Bone
JointSurg Am 2007(89):747-757

. Burkhart SS (1997) Partial repair of massive rota-

tor cuff tears: The evolution of a concept. Orthop
ClinNorth Am28:125-132

Valenti P, Reinares F, Maroun C, Choueiry J,
Werthel JD (2018) Comparison of arthroscopically
assisted transfer of the latissimus dorsi with or
without partial cuff repair for irreparable postero-
superior rotator cuff tear. Int Orthop 15. https:/
doi.org/10.1007/500264-018-4016-6

Mihata T, Lee TQ, Watanabe C, Fukunishi K, Ohue
M, Tsujimura T, Kinoshita M (2013) Clinical results
of arthroscopic superior capsule reconstruction
for irreparable rotator cuff tears. Arthroscopy
29:459-470. https://doi.org/10.1016/j.arthro.
2012.10.022

Deranlot J, Herisson O, Nourissat G, Zbili D, Werthel
JD, Vigan M, Bruchou F (2017) Arthroscopic
Subacromial spacer implantation in patients with
massive irreparable rotator cuff tears: Clinical and
radiographic results of 39 retrospectives cases.
Arthroscopy 33:1639-1644. https://doi.org/10.
1016/j.arthro.2017.03.029

L'Episcopo JB (1934) Tendon transplantation in
obstetrical paralysis. AmJ Surg 25:122-125
Boileau P, Trojani C, Chuinard C (2007) Latissimus
dorsi and Teres major transfer with reverse total
shoulder Arthroplasty for a combined loss of
elevation and external rotation. Tech Shoulder
Elbow Surg 8:13-22

Grimberg J, Kany J, Valenti P, Amaravathi RS, Rama-
lingam AT (2015) Arthroscopic-assisted latissimus
dorsi tendon transfer for irreparable posterosupe-
rior cufftears. Arthroscopy 31:599-607

Hartzler RU, Barlow JD, An KN, Elhassan BT (2012)
Biomechanical effectiveness of different types
of tendon transfers to the shoulder for external
rotation. J Shoulder Elbow Surg 21:1370-1376
Omid R, Lee B (2013) Tendon transfers for
irreparable rotator cuff tears. J Am Acad Orthop
Surg 21:492-501

Elhassan BT, Alentorn-Geli E, Assenmacher AT,
Wagner ER (2016) Arthroscopic-assisted lower
Trapezius tendon transfer for massive irreparable
posterior-superior rotator cuff tears: Surgical
technique. Arthrosc Tech 5:¢981-e988. https://
doi.org/10.1016/j.eats.2016.04.025

254 | obere Extremitat4- 2018

41.

42.

4

w

44,

45,

4

()}

4

~

4

o]

Wirth MA, Rockwood CA (1997) Operative treat-
ment of irreparable rupture of the subscapularis.
JBoneJointSurg Am 79:722-731

Moroder P, Schulz E, Mitterer M, Plachel F,
Resch H, Lederer S (2017) Long-term outcome
after Pectoralis major transfer for irreparable
Anterosuperior rotator cuff tears. J Bone Joint Surg
Am 99:239-245. https://doi.org/10.2106/JBJS.16.
00485

. Valenti P, Boughebri O, Moraiti C, Dib C, Maqdes A,

Amouyel T, Ciais G, Kany J (2014) Transfer of the
Clavicular or Sternocostal portion of the Pectoralis
Major muscle under the Conjoined tendon in the
treatment of irreparable tears of the Subscapularis
tendon: Review of 15 cases. Int Orthop 19:1-22
Elhassan B, Christensen TJ, Wagner ER (2013)
Feasibility of latissimus and teres major transfert to
reconstructirreparable subscapularis tendon tear:
An anatomic study. J Shoulder Elbow Surg 27:1-8.
https://doi.org/10.1016/j.jse.2013.07.046

Kany J, Guinand R, Croutzet P, Valenti P, Werthel JD,
Grimberg J (2016) Arthroscopic-assisted latissimus
dorsi transfer for subscapularis deficiency. EurJ
Orthop Surg Traumatol:1-6. https://doi.org/10.
1007/5s00590-016-1753-3

. Valenti P, Sauzieres P, Katz D, Kalouche |, Kilinc

AS (2011) Do less medialized reverse shoulder
prostheses increase motion and reduce notching?
Clin Orthop Relat Res 469:2550-2557. https://doi.
0rg/10.1007/511999-011-1844-8

. Neyton L, Boileau P, Nové-Josserand L, Edwards

BT, Walch G (2007) Glenoid bone grafting with
areverse design prosthesis. J Shoulder Elbow Surg
16:71-78. https://doi.org/10.1016/j.jse.2006.02.
0021

. Werthel JD, Wagner E, Sperling J, An KN,

Elhassan B (2015) Biomechanical effectiveness of
glenohumeral tendon transfers performed with
reverse shoulder arthroplasty to restore internal
and external rotation. SECEC, Milan (Podium)


https://doi.org/10.1016/j.arthro.2017.10.052
https://doi.org/10.1016/j.arthro.2017.10.052
https://doi.org/10.1080/02701367.1983.10605290
https://doi.org/10.1080/02701367.1983.10605290
https://doi.org/10.1007/s00264-018-4016-6
https://doi.org/10.1007/s00264-018-4016-6
https://doi.org/10.1016/j.arthro.2012.10.022
https://doi.org/10.1016/j.arthro.2012.10.022
https://doi.org/10.1016/j.arthro.2017.03.029
https://doi.org/10.1016/j.arthro.2017.03.029
https://doi.org/10.1016/j.eats.2016.04.025
https://doi.org/10.1016/j.eats.2016.04.025
https://doi.org/10.2106/JBJS.16.00485
https://doi.org/10.2106/JBJS.16.00485
https://doi.org/10.1016/j.jse.2013.07.046
https://doi.org/10.1007/s00590-016-1753-3
https://doi.org/10.1007/s00590-016-1753-3
https://doi.org/10.1007/s11999-011-1844-8
https://doi.org/10.1007/s11999-011-1844-8
https://doi.org/10.1016/j.jse.2006.02.0021
https://doi.org/10.1016/j.jse.2006.02.0021
https://www.researchgate.net/publication/327146352

	Massive irreparable rotator cuff tears
	Abstract
	Zusammenfassung
	General considerations
	Background
	Why does a functional shoulder become non-functional?

	Correction of vertical imbalance
	Treatment of ILEA type 1
	Fully arthroscopic LD transfer technique

	Treatment of ILEA type 2
	Alternatives to LD transfer in ILEA

	Correction of horizontal imbalance of the shoulder
	Restoration of (active) external rotation (ILER)
	Restoration of (active) internal rotation (ILIR)

	Correction of horizontal and vertical imbalance of the shoulder (CLEER, CLEIR)
	Treatment of CLEER
	Treatment of CLEIR

	Practical conclusion
	References


