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Shoulder kinematics and muscle activity
following latissimus dorsi transfer for massive
irreparable posterosuperior rotator cuff tears in
shoulders with pseudoparalysis
Navin Gurnani, MDa,*, W. Jaap Willems, MD, PhDb,
Derek F.P. van Deurzen, MD, PhDb, Alexander A. Weening, MDc, Joran Bouwer, MScd,
Thomas W.J. Janssen, PhDd, DirkJan H.E.J. Veeger, PhDe
aDepartment of Orthopaedic Surgery, Spaarne Gasthuis, Hoofddorp, the Netherlands
bDepartment of Orthopaedic Surgery, DC Expert Centre, Amsterdam, the Netherlands
cDepartment of Orthopaedic Surgery, Diakonesse Hospital, Utrecht, the Netherlands
dFaculty of Behavioural and Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam, the Netherlands
eFaculty of Behavioural and Movement Sciences, Delft University of Technology, Delft, the Netherlands

Background: The aim of this study was to evaluate the thoracohumeral (TH) and glenohumeral (GH) motion with muscle activity after
latissimus dorsi transfer (LDT) in a shoulder with a massive irreparable posterosuperior rotator cuff tear (MIRT) and pseudoparalysis
compared with the asymptomatic contralateral shoulder (ACS).
Methods: We recruited and evaluated 13 patients after LDT in a shoulder with preoperative clinical pseudoparalysis and an MIRT on
magnetic resonance imaging, with a minimum follow-up period of 1 year, and with a Hamada stage of 3 or less. Three-dimensional
electromagnetic tracking was used to assess shoulder active range of motion in both the LDT shoulder and the ACS. The maximal active
elevation of the shoulder (MAES) was assessed and consisted of forward flexion, scapular abduction, and abduction in the coronal plane.
Maximal active internal rotation and external rotation were assessed separately. Surface electromyography (EMG) was performed to
track activation of the latissimus dorsi (LD) and deltoid muscles during shoulder motion. EMG was scaled to its maximal isometric
voluntary contraction recorded in specified strength tests.
Results: In MAES, TH motion of the LDT shoulder was not significantly different from that of the ACS (F1,12 ¼ 1.174, P ¼ .300) but
the GH contribution was significantly lower in the LDT shoulder for all motions (F1,12 ¼ 11.230, P ¼ .006). External rotation was signif-
icantly greater in the ACS (26� � 10� in LDT shoulder vs. 42� � 11� in ACS, P < .001). The LD percentage EMG maximum showed no
significant difference between the LDT shoulder and ACS during MAES (F1,11 ¼ 0.005, P ¼ .946). During maximal active external
rotation of the shoulder, the LDT shoulder showed a higher percentage EMG maximum than the ACS (3.0% � 2.9% for LDT shoulder
vs. 1.2% � 2.0% for ACS, P ¼ .006).
Conclusions: TH motion improved after LDT in an MIRTwith pseudoparalysis and was not different from the ACS except for external
rotation. However, GH motion was significantly lower after LDT than in the ACS in active-elevation range of motion. The LD was
active after LDT but not more than in the ACS except for active external rotation, which we did not consider relevant as the activity
did not rise above 3% EMG maximum. The favorable clinical results of LDT do not seem to be related to a change in LD activation and
might be explained by its effect in preventing proximal migration of the humeral head in active elevation.
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A massive irreparable posterosuperior rotator cuff tear
(MIRT), in a patient aged < 65 years can be challenging to
manage adequately. A massive tear4,7,10,13,19,24,55,62 does
not necessarily mean an irreparable tear,13 but excessive
retraction, loss of elasticity, muscle atrophy, and the
inability to achieve fixation in �60� of abduction
despite adequate releases make repair
impossible.3,4,24,25,27,29,30,33,46,66 The prevalence of massive
tears ranges from 10% to 40% of all rotator cuff tears, and
the retear rate of MIRTs is 90% after primary repair.1,18

An MIRT is clinically observed by pain in the shoulder
with an impairment of active forward flexion, abduction,
and external rotation.1,4,54 The symptoms may vary from
mild pain and maintained active shoulder motion to
severe pain with pseudoparalysis and loss of
strength.3,4,17,21,24,41,45,53 Pseudoparalysis is generally
defined as a limitation of active forward flexion to 90� with
no restriction in passive range of motion (ROM).17,67

Clinical pseudoparalysis does not develop in all patients
with MIRTs: It could be that the coupled coronal and
transverse forces are still balanced around the gleno-
humeral (GH) joint during active shoulder motion, and this
balance is lost in an MIRT with pseudoparalysis during
active ROM.6,17,68

Different treatment modalities have been reported for
MIRTs: physical therapy, tenotomy or tenodesis of the long
head of the biceps, d�ebridement, partial repair of the tear,
muscle transfer, rotator cuff advancement, graft interposi-
tion, superior capsular reconstruction, and reverse shoulder
arthroplasty.1,31,32,48 Latissimus dorsi transfer (LDT) has
been well described as a treatment option for an MIRTwith
good functional outcomes reported, but this procedure is
controversial for the treatment of a shoulder with pseudo-
paralysis.4,26,41,65 Several authors have reported inferior
outcomes after LDT in patients with preoperative
pseudoparalysis,9,16,24,25,41 and although recent literature
has demonstrated good outcomes, it may still be considered
controversial to perform LDT in a patient with
pseudoparalysis.14,56,58,63

Regarding transfers, the often implicit assumption is that
the transferred muscles are capable of adapting to their new
mechanical role.22,38,43,54 For the LDT shoulder, the latis-
simus dorsi (LD) is assumed to adapt to its change in
function, but the muscle might also work more as a
tenodesis without (the need for) active functional
adaptation.40,42 However, literature on the active contribu-
tion of the LD after transfer is scarce and several questions
are still unanswered, including whether the LD contributes
actively or not (ie, works as a tenodesis or shows active
force contribution) or whether the activity of the muscle
adapts its new mechanical reality.22,39,40,42,43

The aim of this study, therefore, was to analyze whether
LDT can restore shoulder function in patients with an
MIRT and clinical pseudoparalysis. LDT can affect active
shoulder elevation motions as well as rotation motions in
the shoulder. Therefore, maximal active elevation in 3
planes (forward flexion, scapular abduction, and abduction
in the coronal plane) and maximal rotation (internal rota-
tion and external rotation) in the shoulder were assessed in
the LDT shoulder and asymptomatic contralateral shoulder
(ACS). The maximal muscle activity of the LD and deltoid
muscle during each active shoulder movement was re-
ported. The hypothesis was that restoration of function in
the LDT shoulder would be accompanied by active
contraction of the LD muscle that is linked to its new
mechanical role.

Materials and methods

Study design and participants

This was a retrospective cohort study. We recruited patients in
June 2018 by searching for the surgical code for LDT in the
participating clinicsdOnze Lieve Vrouwe Gasthuis (OLVG,
Amsterdam, The Netherlands) and Spaarne Gasthuis (Hoofddorp,
The Netherlands)dand included patients treated by 3 shoulder
surgeons. The inclusion criteria were as follows: (1) patients with
a chronic (>6 months) MIRT (tear size > 5 cm in diameter with
�2 tendons completely torn and retracted) treated with LDT, (2)
clinical preoperative pseudoparalysis of the affected shoulder, (3)
grade 3 or higher fatty infiltration of the rotator cuff tear, (4) no
concomitant repair of the subscapularis muscle, (5) intact teres
minor muscle, (6) no GH arthritis, (7) no adhesive capsulitis, (8)
follow-up period of at least 1 year, (9) contralateral shoulder with
no previous surgery or symptoms, and (10) no neurologic or
vascular deficiencies in either arm. We included patients who
underwent primary LDT or LDT after previous attempts at rotator
cuff repair. The LDT surgical procedure was performed in all
patients as described by Gerber et al26 with protocolized post-
operative care (Supplementary Appendix S1).

A total of 28 patient files were reviewed, and 21 patients
eligible for verbal screening were contacted by phone to provide
information and were invited to participate in the study (Fig. 1).
After verbal screening, 2 patients with symptoms and 4 patients
with a conservatively treated rotator cuff tear in the contralateral
shoulder were excluded. Fifteen patients were eligible for radio-
graphic screening and signed informed consent forms. Prior to
final inclusion, a radiograph was obtained at either clinic to assess



Database search with LDT surgical code from 2008 – 2017 (n=28) 
OLVG (n=23)
Spaarne Gasthuis (n=5)

Exclusion 1 (n=7)
Subscapularis repair (n=2)
Rotator cuff repair contralateral (n=3)
Cerebral Vascular Accident with 
hemiparesis of either arm (n=1) 
Conversion to RSA (n=1)

Eligible for verbal 
screening (n=21)

Eligible for X ray 
screening (n=15)

Exclusion 2 (n=6)
Pa�ents with contralateral shoulder 
symptoms (n=2)
Conserva�ve treated contralateral RCT 
with physical therapy (n=4)

Included to study 
(n=13)

Exclusion 3 (n=2)
Hamada stage >3 (n=2)

Figure 1 Flowchart of inclusion and exclusion criteria. LDT,
latissimus dorsi transfer; OLVG, Onze Lieve Vrouwe Gasthuis,
Amsterdam, The Netherlands; RSA, reverse shoulder arthroplasty;
RCT, rotator cuff tear.
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the Hamada stage.35 Two patients showed progressive cuff
arthropathy to Hamada stage 4 and were excluded, resulting in a
total of 13 patients in this study. Included patients followed the
study procedures summarized in Table I. All included patients
underwent preoperative magnetic resonance imaging (MRI) and
underwent postoperative radiography and an MRI scan of the LDT
shoulder, which were analyzed by 2 independent musculoskeletal
radiologists; the findings were documented in separate lists to
preserve blinding of the assessors.
Three-dimensional kinematics and active ROM

Measurements were performed at the Reade Rehabilitation and
Rheumatology Center, Amsterdam, the Netherlands. By use of the
Flock-of Birds system (Ascension Technologies, Burlington, VT,
USA) and accompanying software (Motion Monitor Biomech I;
Innovative Sports Training, Chicago, IL, USA), 3-dimensional
kinematics were measured. By use of Fixomull self-adhesive tape
(Beiersdorf, Hamburg, Germany), 4 sensors were attached to the
patient: (1) sternum, (2) humerus, (3) forearm, and (4) acromion
(Fig. 2). A pointer was used to locate the bony landmarks and
construct anatomic local coordinate systems. The thoracohumeral
(TH) motion and GH motion were assessed from bony landmarks
and expressed as angles according to the International Society of
Biomechanics standardization proposal of the International
Shoulder Group35 (Table II).

Three-dimensional kinematics of 5 different active movements
were analyzed: forward flexion, abduction in the scapular plane
(scapular abduction), abduction in the coronal plane, internal
rotation, and external rotation, performed with the arm stabilized
in 90� of abduction and 90� of elbow flexion by one of the in-
vestigators. Two semicircular arches with a scale of 10�, ranging
from 0� to 180�, functioned as a goniometer for the executed
motions and were used to guide active movements (Fig. 2).
Patients were instructed to maximally move the investigated arm
in the respective plane starting with the arm in the anatomic po-
sition adjacent to the body. The shoulders were analyzed sepa-
rately and not concurrently; all measurements were performed 3
times and at each participant’s own pace. The outcome measures
for each active maximal shoulder movement were (1) TH motion
and (2) GH motion, reported in degrees. Three-dimensional ki-
nematic data were processed with the use of MATLAB (The
MathWorks, Natick, MA, USA). The highest value of the TH
elevation angle was selected as the maximal TH angle for that
movement. The same procedure was used for GH angles.

Muscle activity

Muscle activity of the deltoid and LD muscles was measured
simultaneously during each active shoulder movement with
wireless electromyography (EMG) sensors (Trigno Wireless;
Delsys, Boston, MA, USA). Furthermore, muscle activity was
recorded during 3 activities–of–daily living (ADL) tasks: (1)
scratching the lower back, (2) grasping a cup at chest level and
moving it to the mouth, and (3) combing the hair from the front to
the back of the head. All tasks started from the neutral position,
with the arm adjacent to the body.

The LD sensor was placed approximately 6 cm under the
angulus inferior of the scapula. For the anterior and middle deltoid
muscles, the sensors were placed on the respective muscle bellies.

To scale the EMG signal of the performed tasks to the maximal
performance of the muscle in question, maximal isometric
voluntary contractions (MIVCs) of both shoulders of each patient
were performed during 6 different movements in a fixed order,
separated by 1-minute rest periods: forward flexion at 45�, flexion
in the scapular plane at 45�, internal rotation and external rotation
at 90� of shoulder abduction, retroflexion, and horizontal adduc-
tion at 90� of shoulder forward flexion. One of the researchers
held a handheld dynamometer (Lafayette Instrument, Lafayette,
IN, USA), and the patient was asked to push against it as force-
fully as he or she could for that specific movement. This was
performed 3 times, and the muscle activity during the best per-
formance for each task was selected for further analysis.

Raw EMG data were corrected for offset before rectification
and low-pass filtering (2-Hz recursive Butterworth) to obtain a
linear envelope. The maximal EMG value measured during the
MIVCs was used to scale the EMG signal of the performed tasks
to the maximal performance of the muscle in question (100%
EMG max). The highest value during each movement was
selected as the maximal value of the muscle in question and was
reported as a percentage of the EMG max for the different
movements.

Shoulder function

The Constant-Murley score11 and the activities of daily living
requiring active external rotation (ADLER) score5 were collected
during the visit at Reade and are reported separately in
Supplementary Appendix S1.

Statistical analysis

The maximal active elevation of the shoulder (MAES), which
consisted of forward flexion, scapular abduction, and abduction in



Table I Study procedure

Procedure

First phone contact Verbal screening was performed, and study information was
provided.

Written information Patients were provided with information folders containing the
study rationale and goals, study procedure, minimal health risks
of participation, and important contact details in case of
questions about the study.

Two-week pause Patients were given time to consider their participation.
Second phone contact Radiography was planned, and questions regarding participation

were answered.
Informed consent and radiography Informed consent was acquired, and radiography of the affected

shoulder was performed.
Third phone contact Patients with Hamada stage > 3 were excluded. Patients were

informed about their shoulder radiographs and final inclusion.
PROM questionnaires (ADLER) were sent to patients’ address of
residence. The included patients’ general practitioners received
study information and contact details of the study coordinator
in case of questions.

Visit to OLVG An MRI scan of the affected shoulder was performed.
Visit to Duyvensz-Nagels research facility (Reade Rehabilitation
and Rheumatology Center, Amsterdam, The Netherlands)

The ADLER score was received and checked with patients in case of
any ambiguity; the Constant-Murley score was obtained; and 3D
kinematic range-of-motion, muscle activation (EMG), and
strength assessments were performed.

PROM, patient-reported outcome measure; ADLER, activities of daily living requiring active external rotation; OLVG, Onze Lieve Vrouwe Gasthuis,

Amsterdam, The Netherlands; MRI, magnetic resonance imaging; 3D, 3-dimensional; EMG, electromyography.
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the coronal plane, was analyzed collectively for the LDT shoulder
and ACS in a 2-way repeated-measures analysis of variance with
post hoc tests andBonferroni correction. TheMAESwas reported in
TH motion and GH motion. TH motion and GH motion were also
analyzed separately for each maximal active shoulder movement
(forward flexion, scapular abduction, abduction in the coronal
plane, internal rotation, and external rotation) with paired t tests.

The percentage EMG max values of the LD and deltoid
muscles were analyzed collectively during MAES for the LDT
shoulder and ACS in a 2-way repeated analysis of variance with
post hoc tests and Bonferroni correction. The percentage EMG
max was also analyzed separately during each maximal active
shoulder movement (forward flexion, scapular abduction, abduc-
tion in the coronal plane, internal rotation, and external rotation)
and ADL task (grasping cup, combing hair, and scratching back)
with paired t tests. The significance level was set at .05.
Results

Baseline characteristics

Patients were assessed after a mean follow-up period of
66.9 � 36.7 months (range, 12-112 months). The average
age was 60.7 years, and the male-to-female ratio was 10:3.
Primary LDT was performed in 6 patients, whereas LDT
was performed after previous cuff repair in 10. All patients
had an intact LDT on MRI. Constant-Murley scores can be
found in Supplementary Appendix S1.
LDT shoulder vs. ACS

Active shoulder ROM
In MAES, TH motion of the LDT shoulder was not
significantly different from that of the ACS (F1,12 ¼ 1.174,
P ¼ .300) but GH motion was significantly lower in the
LDT shoulder (F1,12 ¼ 11.230, P ¼ .006) (Table III, Fig. 3).
When we looked at the individual elevation movements
(forward flexion, scapular abduction, and abduction in the
coronal plane), during all movements, GH motion
contributed less to TH motion in the LDT shoulder than
was observed in the ACS (Table III). Significantly lower
maximal external rotation of the shoulder was seen for the
LDT shoulder (26� � 10� for LDT shoulder vs. 42� � 10.9�

for ACS, P < .001).

LD activity
The LD percentage EMG max during MAES did not show
any difference between the LDT shoulder and ACS
(F1,11 ¼ 0.005, P ¼ .946). An example of this finding is
shown in Figure 4. During maximal external rotation, a
higher LD percentage EMG max was seen in the LDT
shoulder (3.0% � 2.9% EMG max) than in the ACS (1.2%
� 2.0% EMG max, P ¼ .006).

No significant differences in LD percentage EMG max
values in the LDT shoulder and ACS were observed for all
the ADL exercises. The ADL task of grasping a cup did not
show any LD activity.



Figure 2 Patient setup.

Table II Bony landmarks for 3-dimensional kinematic
analysis

Landmark

Thorax and spine Jugular notch
Xiphoid process
Seventh cervical vertebra
Eighth thoracic vertebra

Scapula Acromial angle
Scapular trigonum
Angulus inferior

Humerus Medial epicondyle
Lateral epicondyle

Forearm Radial styloid
Ulnar styloid
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Deltoid activity
The LDT shoulder showed a higher percentage EMG max
of the deltoid muscle in MAES compared with the ACS
(F1,12 ¼ 17.241, P ¼ .001). When we looked at the indi-
vidual movements, the LDT shoulder did not show a higher
deltoid percentage EMG max than the ACS only in
maximal active forward flexion (73.5% � 26.2% EMG max
for LDT shoulder vs. 62.3% � 23.9% EMG max for ACS,
P ¼ .249). An example of these findings is shown in
Figure 4.

Discussion

The aim of this study was to evaluate whether LDT can
restore shoulder function in patients with an MIRT and
whether this is done actively in it is new mechanical role.
The LDT shoulder showed similar TH motion in MAES to
the ACS, although not for maximal active external rotation.
Moreover, it became apparent that the functional result was
reached with less movement in the GH plane. Despite the
near-normal maximum elevation, however, it could not be
concluded that this result was associated with a change in
the LD’s native activity after transfer.

Previous studies compared 3-dimensional motion of the
LDT shoulder with the ACS as well.22,40 Galasso et al22

reported forward flexion and abduction values after LDT
that were approximately 40� higher than those observed in
our patients, but this difference was also found for the



Table III Comparison of active movement of LDT shoulder vs. ACS

Active movement n LDT shoulder ACS P value

TH ROM, �

Forward flexion 13 103 � 26 112 � 18 .325
Scapular abduction 13 108 � 25 115 � 18 .416
Abduction 13 108 � 27 119 � 17 .218
Internal rotation 13 48 � 15 54 � 12 .077
External rotation 13 26 � 10 43 � 11 <.001

GH ROM, �

Forward flexion 13 57 � 19 82 � 14 .004
Scapular abduction 13 60 � 17 84 � 19 .012
Abduction 13 57 � 19 84 � 20 .006

Latissimus dorsi, % EMG max
Forward flexion 12 11.5 � 7.6 10.9 � 6.9 .747
Scapular abduction 13 14.2 � 11.1 13.3 � 9.0 .795
Abduction 13 11.5 � 10.4 10.4 � 8.4 .605
Internal rotation 13 11.8 � 11.7 10.8 � 7.9 .776
External rotation 13 3.0 � 2.9 1.2 � 2.0 .006
Scratching back 12 28.6 � 23.2 33.5 � 25.2 .511
Grasping cup 13 NA NA NA
Combing hair 13 9.3 � 10.6 5.2 � 10.6 .182

Deltoid, % EMG max
Forward flexion 13 73.5 � 26.2 62.3 � 23.9 .249
Scapular abduction 13 87.6 � 19.4 64.0 � 15.2 <.001
Abduction 13 88.0 � 16.3 66.1 � 24.9 .005

LDT, latissimus dorsi transfer; ACS, asymptomatic contralateral shoulder; TH, thoracohumeral; ROM, range of motion; GH, glenohumeral; ADL, activity

required for daily living; ADLER, activities of daily living requiring active external rotation; EMG max, largest electromyographic value for specific muscle;

NA, not applicable.
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contralateral shoulder.12 In line with our findings, Galasso
et al described an increase in thoraco-scapular motion in
active elevation for the LDT shoulder when compared the
ACS. Higher thoraco-scapular motion is also seen in active
elevation in patients with cuff tears but is restored to normal
after repair.47,50,68 This restorative effect on joint kine-
matics was not observed after LDT in our study, which is in
accordance with the findings of Galasso et al22 and Hens-
eler et al.38
LD activity

In this study, no modified LD activation (percentage EMG
max) in active shoulder ROM was found between the LDT
shoulder and ACS, except for minimal differences in
external rotation. If the LD muscle had gained a new active
role in external rotation after a mean follow-up period of
66.9 months, more activity would have been expected.
Apparently, the LD muscle remains active in its native
function, either because it does not need to change its
function or because it does not have the necessary adaptive
capacity. LD muscle activity after transfer has been the
subject of several studies. However, varying results have
been reported.2,8,23,28,34,39-42,44,59 The method of analyzing
LD muscle activity varies among studies, which likely adds
to the inconsistency.

Habermeyer,34 Iannotti et al,41 Ippolito et al,42 and
Henseler et al39 measured MIVCs to compare preoperative
and postoperative LD activity and observed increased LD
muscle activity, concluding active muscle contraction it its
new function. However, MIVCs do not mimic isokinetic
active ROM in the shoulder, and the LD muscle activity
could be the result of increased co-contraction after trans-
fer.57,60 In addition, De Casas et al14 and Irlenbusch et al44

reported that active muscle contraction was responsible for
the observed favorable outcome after LDT. However, these
authors used the contralateral LD muscle as a reference, set
to 100% EMG max, and reported peak EMG values of
LDT. As the LDs on both sides cannot be assumed to be
strong and they are mechanically different owing to the
transfer, activity scaled to only 1 side is risky: The same
activity for both muscles thus does not refer to the same
force level or even mechanical action. In our opinion, it is
more accurate to scale muscle activation to the MIVC of
that same muscle. Clavert et al8 reported an active role of
the LD after transfer but reported minimal information on
their assessment in the description of their methods. Recent
studies by Galasso et al22 and Hetto et al40 comparing the
LDT shoulder with the ACS with isokinetic movements
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reported similar results to our study, that is, no difference in
LD muscle activation after LDT compared with the ACS.
GH joint stability after LDT

The rationale behind restoration of shoulder function after
LDT is to restore a stable GH joint by providing a suffi-
ciently balanced shoulder and glenoid-directed joint
compression force.6,17,37 An MIRT is characterized by
deficient supraspinatus and infraspinatus muscles and oc-
casionally a deficient teres minor muscle.56 In the absence
of a properly balanced force couple around the glenoid in
an MIRT, the humeral head is unstable in the poster-
osuperior direction during active shoulder movements.61

LDT is assumed to restore stability in the GH joint
because of its (posterior) caudally directed pull, either
actively by contraction or passively by the tenodesis effect.
Because it was not quantified in this study, whether GH
stability was restored by performing LDT remains un-
known. LDT yielded improved TH motion but did not
provide a lower GH motion contribution comparable to the
ACS. However, we can only assume that the transfer
increased TH elevation in shoulders with pseudoparalysis;
no local preoperative pain inhibitor was administered, and
it remains unclear whether pain was the limiting factor.20

In active elevation in an MIRT, the deltoid muscle will
produce joint-destabilizing shear forces, causing cranial
migration of the humeral head. To (partially) counteract the
cranial migration, the shoulder adductor muscles (LD and
teres major) are activated during active shoulder elevation
(coactivation).15,37,57 This counteracting effect is not suf-
ficient to restore shoulder function in patients with pseu-
doparalysis.17,37,49 It could be that LDT, with its new
proximal insertion site, exerts a stronger caudally directed
pull, counteracts the cranially directed forces, and stabilizes



Figure 4 Example curves of elevation (3-dimensional) and surface electromyography (EMG) of latissimus dorsi transfer (LDT) shoulder
and asymptomatic contralateral shoulder (ACS). Scapulohumeral elevation indicates glenohumeral elevation. max, maximum.
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the GH joint by providing a stable fulcrum for the del-
toid.36,37,51 This is supported by the findings of increased
deltoid activity in scapular abduction and abduction after
LDT.36 The smaller GH motion found after an MIRT and/or
LDT could be explained by the change in function of the
remnant GH muscles from mobilizing the GH joint to
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increasing the joint reaction force to prevent the cranially
directed force of the deltoid during active elevation.36 Other
authors have suggested that the smaller GH motion is
because of the relatively increased scapular rotation that
improves deltoid tension compensating for loss of the torn
rotator cuff muscles.22,52 In future studies, it would be
useful to also focus on the function of the thoraco-scapular
muscles after LDT.51,64

Limitations

It remains unknown at which time point after surgery the
LDT shoulder has adapted its new course of action. The
follow-up period in this study ranged widely from 12 to 112
months postoperatively. As we only included patients �12
months after LDT, it could be that some patients, with time,
displayed increased active ROM and clinical outcomes
owing to training and muscle adaptation. Although other
patients with a much longer follow-up period may have
shown deterioration over time, we could not prove this
because we did not have the interim data of the patients
with longer follow-up periods. Moreover, because of the
limited number of patients included in our study, conclu-
sions need to be made with care.

For future studies, it is essential to compare 3 groups
regarding shoulder kinematics (TH, thoraco-scapular, and
GH) and surface EMG muscle activity of the LD muscle
and other shoulder muscles: the preoperative group with
MIRTs (1), the postoperative LDT group (2), and the ACS
group or age-matched controls (3). By comparing the ac-
tivity of the LDT shoulder with the preoperative MIRT state
and the ACS, it could be possible to track different muscle
activity after LDT. This could lead to a better understanding
of what the LDT shoulder does after transfer.
Conclusion
Although TH elevation returns to near normal after LDT,
this does not seem to be due to a restoration of normal
GH motion. Because no clear difference in the muscle
activity of the LD muscle in the LDT shoulder and the
ACS was observed in active ROM, we cannot conclude
that the LD changed its activity after transfer. We can
only assume that the positive outcome could be related
to a tenodesis effect or the positive effects of the original
activation in its new position on the proximal humer-
usdor a combination thereof.
Disclaimers:
Funding: No funding was disclosed by the authors.
Conflicts of interest: The authors, their immediate
families, and any research foundations with which they
are affiliated have not received any financial payments
or other benefits from any commercial entity related to
the subject of this article.
Acknowledgments

We express our sincere gratitude to A. van Noort
(Spaarne Gasthuis, Hoofddorp, The Netherlands) for
assisting in patient inclusion and H.J. van der Woude,
V.P.M. Van der Hulst, and M. Schavenmaker (muscu-
loskeletal radiologists at Onze Lieve Vrouwe Gasthuis
[OLVG], Amsterdam, The Netherlands) for radiologic
assessment.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jse.2022.01.121.
References
1. Anastasopoulos PP, Alexiadis G, Spyridonos S, Fandridis E. Latissi-

mus dorsi transfer in posterior irreparable rotator cuff tears. Open

Orthop J 2017;11:77-94. https://doi.org/10.2174/1874325001711

010077

2. Aoki M, Okamura K, Fukushima S, Takahashi T, Ogino T. Transfer of

latissimus dorsi for irreparable rotator-cuff tears. J Bone Joint Surg Br

1996;78:761-6.

3. Axe JM. Tendon transfers for irreparable rotator cuff tears: an update.

EFORT Open Rev 2016;1:18-24. https://doi.org/10.1302/2058-5241.1.

000003

4. Bedi A, Dines J, Warren RF, Dines DM. Massive tears of the rotator

cuff. J Bone Joint Surg Am 2010;92:1894-908. https://doi.org/10.

2106/JBJS.I.01531

5. Boileau P, Chuinard C, Roussanne Y, Bicknell RT, Rochet N,

Trojani C. Reverse shoulder arthroplasty combined with a modified

latissimus dorsi and teres major tendon transfer for shoulder pseudo-

paralysis associated with dropping arm. Clin Orthop Relat Res 2008;

466:584-93. https://doi.org/10.1007/s11999-008-0114-x

6. Burkhart SS. Arthroscopic treatment of massive rotator cuff tears:

clinical results and biomechanical rationale. Clin Orthop Relat Res

1991;267:45-56.

7. Burkhart SS, Danaceau SM, Pearce CE. Arthroscopic rotator cuff

repair: analysis of results by tear size and by repair techniquedmargin

convergence versus direct tendon-to-bone repair. Arthroscopy 2001;

17:905-12.

8. Clavert P, Arndt J, Daemgen F, Kempf JF. Long-term outcomes of

latissimus dorsi transfer for irreparable rotator cuff tears. Int Orthop

2020;44:905-10. https://doi.org/10.1007/s00264-020-04540-x

9. Codsi MJ, Hennigan S, Herzog R, Kella S, Kelley M, Leggin B, et al.

Latissimus dorsi tendon transfer for irreparable posterosuperior rotator

cuff tears. Surgical technique. J Bone Joint Surg Am 2007;89(Pt 1,

Suppl 1):1-9. https://doi.org/10.2106/JBJS.F.01160

10. Cofield RH. Current concepts review. Rotator cuff disease of the

shoulder. J Bone Joint Surg Am 1985;67:974-9.

11. Constant CR, Murley AHG. A clinical method of functional assess-

ment of the shoulder. Clin Orthop Relat Res 1987;214:160-4.

https://doi.org/10.1016/j.jse.2022.01.121
https://doi.org/10.2174/1874325001711010077
https://doi.org/10.2174/1874325001711010077
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref2
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref2
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref2
https://doi.org/10.1302/2058-5241.1.000003
https://doi.org/10.1302/2058-5241.1.000003
https://doi.org/10.2106/JBJS.I.01531
https://doi.org/10.2106/JBJS.I.01531
https://doi.org/10.1007/s11999-008-0114-x
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref6
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref6
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref6
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref7
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref7
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref7
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref7
https://doi.org/10.1007/s00264-020-04540-x
https://doi.org/10.2106/JBJS.F.01160
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref10
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref10
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref11
http://refhub.elsevier.com/S1058-2746(22)00216-6/sref11


1366 N. Gurnani et al.
12. Cutti AG, Giovanardi A, Rocchi L, Davalli A, Sacchetti R. Ambula-

tory measurement of shoulder and elbow kinematics through inertial

and magnetic sensors. Med Biol Eng Comput 2008;46:169-78. https://

doi.org/10.1007/s11517-007-0296-5

13. Davidson J, Burkhart SS. The geometric classification of rotator cuff

tears: a system linking tear pattern to treatment and prognosis.

Arthroscopy 2010;26:417-24. https://doi.org/10.1016/j.arthro.2009.

07.009

14. De Casas R, Lois M, Cidoncha M, Valadron M. Clinic and electro-

myographic results of latissimus dorsi transfer for irreparable poster-

osuperior rotator cuff tears. J Orthop Surg Res 2014;9:83. https://doi.

org/10.1186/s13018-014-0083-6

15. Grimberg J, Kany J. Latissimus dorsi tendon transfer for irreparable

postero-superior cuff tears: current concepts, indications, and recent

advances. Curr Rev Musculoskelet Med 2014;7:22-32. https://doi.org/

10.1007/s12178-013-9196-5

16. Degreef I, Debeer P, Van Herck B, Van Den Eeden E, Peers K, De

Smet L. Treatment of irreparable rotator cuff tears by latissimus dorsi

muscle transfer. Acta Orthop Belg 2005;71:667-71.

17. Denard PJ, Koo SS, Murena L, Burkhart SS. Pseudoparalysis: the

importance of rotator cable integrity. Orthopedics 2012;35:e1353-7.

https://doi.org/10.3928/01477447-20120822-21

18. Elhassan BT, Wagner ER, Werthel JD. Outcome of lower trapezius

transfer to reconstruct massive irreparable posterior-superior rotator

cuff tear. J Shoulder Elbow Surg 2016;25:1346-53. https://doi.org/10.

1016/j.jse.2015.12.006

19. Ellman H, Kay SP, Wirth M. Arthroscopic treatment of full-thickness

rotator cuff tears: 2- to 7-year follow-up study. Arthroscopy 1993;9:

195-200.

20. Ettinger L, Shapiro M, Karduna A. Subacromial injection results in

further scapular dyskinesis. Orthop J Sports Med 2014;2:1-7. https://

doi.org/10.1177/2325967114544104

21. Fehringer EV, Sun J, VanOeveren LS, Keller BK, Matsen FA. Full-

thickness rotator cuff tear prevalence and correlation with function and

co-morbidities in patients sixty-five years and older. J Shoulder Elbow

Surg 2008;17:881-5. https://doi.org/10.1016/j.jse.2008.05.039

22. Galasso O, Mantovani M, Muraccini M, Berardi A, De Benedetto M,

Orlando N, et al. The latissimus dorsi tendon functions as an external

rotator after arthroscopic-assisted transfer for massive irreparable

posterosuperior rotator cuff tears. Knee Surg Sports Traumatol

Arthrosc 2020;28:2367-76. https://doi.org/10.1007/s00167-019-0

5819-2

23. Gerber C. Latissimus dorsi transfer for the treatment of irreparable

tears of the rotator cuff. Clin Orthop Relat Res 1992:152-60.

24. Gerber C, Fuchs B, Hodler J. The results of repair of massive tears of

the rotator cuff. J Bone Joint Surg Am 2000;82:505-15.

25. Gerber C, Rahm SA, Catanzaro S, Farshad M, Moor BK. Latissimus

dorsi tendon transfer for treatment of irreparable posterosuperior ro-

tator cuff tears: long-term results at a minimum follow-up of ten years.

J Bone Joint Surg Am 2013;95:1920-6. https://doi.org/10.2106/JBJS.

M.00122

26. Gerber C, Vinh TS, Hertel R, Hess CW. Latissimus dorsi transfer for

the treatment of massive tears of the rotator cuff. A preliminary report.

Clin Orthop Relat Res 1988;33:51-61.

27. Gerber C, Wirth SH, Farshad M. Treatment options for massive rotator

cuff tears. J Shoulder Elbow Surg 2011;20:S20-9. https://doi.org/10.

1016/j.jse.2010.11.028

28. Gerhardt C, Lehmann L, Lichtenberg S, Magosch P, Habermeyer P.

Modified L’Episcopo tendon transfers for irreparable rotator cuff tears:

5-year follow-up. Clin Orthop Relat Res 2010;468:1572-7. https://doi.

org/10.1007/s11999-009-1030-4

29. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty

muscle degeneration in cuff ruptures: pre- and postoperative evalua-

tion by CT scan. Clin Orthop Relat Res 1994;304:78-83.

30. Greenspoon JA, Millett PJ, Moulton SG, Petri M. Irreparable rotator

cuff tears: restoring joint kinematics by tendon transfers. Open Orthop

J 2016;10:266-76. https://doi.org/10.2174/1874325001610010266
31. De Groot JH, Van De Sande MAJ, Meskers CGM, Rozing PM.

Pathological teres major activation in patients with massive rotator

cuff tears alters with pain relief and/or salvage surgery transfer. Clin

Biomech 2006;21:27-32. https://doi.org/10.1016/j.clinbiomech.2005.

09.011

32. Guery J, Favard L, Sirveaux F, Oudet D, Mole D, Walch G. Reverse

total shoulder arthroplasty. Survivorship analysis of eighty re-

placements followed for five to ten years. J Bone Joint Surg Am 2006;

88:1742-7. https://doi.org/10.2106/JBJS.E.00851

33. Gumina S, Castricini R, De Benedetto M, Orlando N. Latissimus dorsi

transfer for primary treatment of irreparable rotator cuff tears. In:

Gumina S, editor. Rotator cuff tear: pathogenesis, evaluation, and

treatment. New York: Springer; 2016. p. 323-33.

34. Habermeyer P. Transfer of the tendon of latissimus dorsi for the

treatment of massive tears of the rotator cuff: a new single-incision

technique. J Bone Joint Surg Br 2006;88-B:208-12. https://doi.org/

10.1302/0301-620X.88B2.16830

35. Hamada K, Fukuda H, Mikasa M, Kobayashi Y. Roentgenographic

findings in massive rotator cuff tears. A long-term observation. Clin

Orthop Relat Res 1990;254:92-6.

36. Hansen ML, Otis JC, Johnson JS, Cordasco FA, Craig EV, Warren RF.

Biomechanics of massive rotator cuff tears: implications for treatment.

J Bone Joint Surg Am 2008;90:316-25. https://doi.org/10.2106/JBJS.F.

00880

37. Hawkes DH, Alizadehkhaiyat O, Kemp GJ, Fisher AC, Roebuck MM,

Frostick SP. Shoulder muscle activation and coordination in patients

with a massive rotator cuff tear: an electromyographic study. J Orthop

Res 2012;30:1140-6. https://doi.org/10.1002/jor.22051

38. Henseler JF, Kolk A, Zondag B, Nagels J, de Groot JH,

Nelissen RGHH. Three-dimensional shoulder motion after teres major

or latissimus dorsi tendon transfer for posterosuperior rotator cuff

tears. J Shoulder Elbow Surg 2017;26:1955-63. https://doi.org/10.

1016/j.jse.2017.03.023

39. Henseler JF, Nagels J, Nelissen RGHH, de Groot JH. Does the latis-

simus dorsi tendon transfer for massive rotator cuff tears remain active

postoperatively and restore active external rotation? J Shoulder Elbow

Surg 2014;23:553-60. https://doi.org/10.1016/j.jse.2013.07.055

40. Hetto P, Spranz D, Zeifang F, Wolf SI, van Drongelen S, Maier MW,

et al. Muscle activity of the latissimus dorsi after tendon transfer in

patients with rotator cuff tears. J Clin Med 2020;9:433. https://doi.org/

10.3390/jcm9020433

41. Iannotti JP, Hennigan S, Herzog R, Kella S, Kelley M, Leggin B, et al.

Latissimus dorsi tendon transfer for irreparable posterosuperior rotator

cuff tears: factors affecting outcome. J Bone Joint Surg Am 2006;88:

342-8. https://doi.org/10.2106/JBJS.D.02996

42. Ippolito G, Serrao M, Napoli F, Conte C, Miscusi M, Coppola G, et al.

Three-dimensional analysis of the shoulder motion in patients with

massive irreparable cuff tears after latissimus dorsi tendon transfer

(LDT). Arch Orthop Trauma Surg 2016;136:1363-70. https://doi.org/

10.1007/s00402-016-2547-0

43. Irlenbusch U, Bernsdorf M, Born S, Gansen HK, Lorenz U. Electro-

myographic analysis of muscle function after latissimus dorsi tendon

transfer. J Shoulder Elbow Surg 2008;17:492-9. https://doi.org/10.

1016/j.jse.2007.11.012

44. Irlenbusch U, Bracht M, Gansen HK, Lorenz U, Thiel J. Latissimus

dorsi transfer for irreparable rotator cuff tears: a longitudinal study. J

Shoulder Elbow Surg 2008;17:527-34. https://doi.org/10.1016/j.jse.

2007.11.022

45. Kanatlı U, €Ozer M, Atao�glu MB, €Ozt€urk BY, G€ul O, Çetinkaya M,
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