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Hypothesis and/or background: Management of irreparable posterosuperior rotator cuff tears (RCTs) presents a significant challenge
to shoulder surgeons. Previous studies on latissimus dorsi transfer (LDT) have demonstrated good to excellent outcomes in younger
patients, but this indication is debatable in the elderly. The main objective of this study was to compare the results of LDT in a
group of patients aged �55 years vs. one of patients aged �75 years. We hypothesized that LDT could give equally good results in
the elderly as in the younger population.
Methods: Between 2014 and 2017, a total of 153 patients who underwent LDT either for irreparable posterosuperior RCT or for failed
prior repair were enrolled. All LDTs were performed by a single surgeon, were arthroscopically assisted, and fixed onto the humeral
head with 2 anchors. A retrospective comparative clinical study was conducted. Patients with a minimum of 24 months of follow-up
were divided into 2 groups: group A (�55 years old at surgery) and group B (�75 years old at surgery). The age-adjusted Con-
stant-Murley score (aCMS), Subjective Score Value (SSV), Simple Shoulder Test (SST), Activities of Daily Living requiring active
External Rotation (ADLER) score, visual analog scale for pain (VAS), American Shoulder and Elbow Surgeons Standardized Shoulder
Assessment Form (ASES) score, patient’s satisfaction, and rate of LD tendon rupture at last follow-up were compared.
Results: A total of 66 patients met inclusion criteria. Four in 66 patients (6%) were lost to follow-up. There were 31 patients in group A
and 31 patients in group B. The mean age was 52 and 77 years for the respective groups. Preoperatively, the 2 groups were comparable
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with respect to other characteristics like the mean number of ruptured tendons, mean preoperative Hamada stage, mean SST, and mean
aCMS. The mean follow-up was 33 and 31 months, respectively. At last follow-up, there was no significant difference in the scores
evaluated between groups A and B with SSV (61 vs. 66.7 points), ADLER (23 vs. 26.4 points), VAS (2.8 vs. 2.2 points), and ASES
(64.4 vs. 72.4 points), respectively, except for the aCMS (75 vs. 96.3; �001) and the SST (6.2 vs. 8.3; P < .001). Patient’s satisfaction
was not significantly different in both groups (81% of either satisfied or very satisfied patients in both groups). The rate of LD tendon
rupture was higher in group A: 10 (33%) vs. 8 (26%).
Conclusion: Posterior transfer of latissimus dorsi tendon could be an effective surgical option for the treatment of massive irreparable
posterosuperior cuff tears in patients �75 years of age.
Level of evidence: Level III; Retrospective Cohort Comparison; Treatment Study
� 2020 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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The management of rotator cuff tears (RCTs) presents a
significant challenge to shoulder surgeons. RCT can happen
after major traumatic injury to the shoulder in young pa-
tients. However, most RCTs occur in the older population
because of degenerative changes in the tendons and muscle
bellies.31,50 The tendons may be severely degenerated,
which can lead to a spontaneous tear without any traumatic
event. The onset of degeneration can happen early in life
and progress very quickly in some patients. The prevalence
of RCT at the age of 70 years can range from 35%-
40%.34,50 Standard care of management involves repair of
the torn rotator cuff tendons depending on age, symptoms,
clinical examination, and anatomic lesions.16,35 Of the
RCTs that are diagnosed, 10%-30% are massive and
irreparable.49 Currently, shoulder surgeons have different
treatment options for the massive and irreparable cuff tears.
These include partial repair, repair with medialization, su-
perior capsule reconstruction, muscle transfers, graft jacket
reconstruction, subacromial balloon spacer, and reverse
shoulder arthroplasty (RSA).7,8,19,21,33,43 Overall, RSA is
considered as one of the most effective and reliable pro-
cedures in the elderly.15,37,44 This might be true considering
the current available evidence, but RSA has its own
drawbacks: it is an artificial prosthesis with limited life
span, a salvage nonanatomic procedure with
complication rates up to 50% leading to possible severe
consequences. Moreover, RSA alone has not been suc-
cessful in restoring rotations at the shoulder joint.7 Finally,
with the increasing life span of populations around the
world,32 the average number of years spent by an individual
with an RCT and disability is on the rise. Apart from the
medical aspects, the other important consideration to be
taken into account is the cost factor.3,11,40 Hence, there is a
need to develop alternative procedures already known to
match the needs of the patients and for optimum outcomes.

One of the most promising procedures available for the
treatment of massive irreparable RCT is tendon transfer.
Latissimus dorsi (LD) tendon has been shown to give
satisfactory outcomes when transferred posteriorly for
irreparable posterosuperior tears.17-19 Several studies have
reported favorable outcomes for this transfer in the last
decade, but these focus mainly on younger patients.2,14,39

LD transfer (LDT) has the advantage of restoring eleva-
tion and external rotation at the shoulder compared to a sole
RSA except in case of pseudoparalytic shoulder.5 Previous
studies on LD have demonstrated good to excellent out-
comes in younger patients, especially the ones where the
transferred tendon healed successfully and where the
function of the subscapularis is preserved,27 but this tech-
nique is still debatable in the elderly as it is considered as a
demanding and invasive procedure. On the contrary, tendon
transfers have revolutionized the treatment of non-
recovering nerve palsies in the upper limb such as radial
nerve palsy without any age limit.1,42

The main objective of this study was to document,
analyze, and compare the results of LDT for massive and
irreparable posterosuperior RCT in a group of patients aged
�55 years vs. one of patients aged �75 years. We put
forward a hypothesis that posterior LDT can be an effective
procedure for massive irreparable cuff tears in the elderly.
Materials and methods

Study population

Between January 2014 and December 2017, we conducted a
retrospective single-institute clinical level III study with a single
surgeon (J.K.) performing the same surgical procedure. During
this time frame, 153 patients underwent arthroscopy-assisted LDT
for a massive and irreparable posterosuperior RCT. All patients
aged �55 years (group A) or �75 years (group B) with a mini-
mum of a 24-month follow-up were included in the analysis.
Written information forms and signed patient consents were ob-
tained before the surgical procedure.

LDT inclusion and exclusion criteria

Indications for arthroscopy-assisted LDT were persistent pain,
after failed conservative treatment or after failure of a previous
surgical treatment (including biceps tenotomy, d�ebridement, or an



Figure 1 (a) After the tenotomy, the tendon is flat and reinserted onto the footprint of the supraspinatus. Three metallic markers are
placed into the tendon every 2 cm from the tip. (b) Ruptured tendon transfer: radiograph 3 months postoperatively. The distance between
the metallic markers M2 and M3 is the same as it was immediately postoperatively, but the distance between M1 and M3 increased from 2
cm to 6 cm. This is a proximal rupture of the tendon.
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attempt at partial or complete repair); 2 ruptured tendons with at
least 1 tendon retracted to the glenoid that could not be pulled to
the greater tuberosity after bursal d�ebridement and capsular
release; magnetic resonance imaging showing a massive irrepa-
rable tear of the posterosuperior rotator cuff with fatty infiltration
of grade III or higher according to the Goutallier classification22

on at least 1 of the 2 torn tendons; and a minimum follow-up of
24 months.

Patients were not eligible for this procedure if they had asso-
ciated irreparable tear of the subscapularis; cuff tear arthropathy
with glenohumeral arthritis stage IV or V according to Hamada
classification24; associated complete and permanent axillary nerve
palsy; a pseudo-paralytic shoulder9 (active forward flexion [FF]
<45� despite 3 months of physiotherapy); and a stiff shoulder
(limitation of passive range of motion despite 3 months of
physiotherapy).

Surgical technique

Patients were operated on following a surgical technique
described by Kany et al.28 All surgeries were performed in the
beach chair position under general anesthesia and an interscalene
nerve block. A 5-cm incision was performed along the anterior
(axillary) border of the scapula. The LD (the first visible muscle)
was separated from the muscle belly of the teres major, and its
neurovascular bundle was identified. Once the muscle belly had
been released from its surrounding structures, the aponeurotic
band leading to the LD tendon was identified and carefully fol-
lowed until its humeral insertion. The LD tendon was then cut on
its axillary attachments and detached from the humerus. The
tendon was left flat and 3 metal clips (Suturpack 2/0; Ethicon,
Somerville, NJ, USA) were placed systematically inside at a fixed
distance of 2 cm (M1), 4 cm (M2), and 6 cm (M3) from the tendon
tip as described previously27 (Fig. 1, a). The subcutaneous space
was then released under the posterior deltoid and behind the long
head of the triceps using blunt scissors from the insertion site of
the LD to the subacromial space to prepare the most direct route
for the transfer. Arthroscopic d�ebridement of the subacromial
space was performed and the long head of the biceps, when pre-
sent, was tenodesed with an anchor into its groove. The sub-
scapularis was repaired at the same time in case of combined
partial lesion. The plane between the teres minor, when intact, and
the deltoid was developed to allow the passage of the transfer. The
free sutures of the flat LD tendon were retrieved through this
newly created space under arthroscopic visualization. Fixation
was achieved using 2 knotless anchors (Versalok; DePuy Mitek,
Raynham, MA, USA) implanted close to the upper part of the
bicipital groove and a third absorbable 5.5-mm anchor
(ArthroVfix; Vims Inc., Toulouse, France) implanted at the junc-
tion between the footprints of the supra- and infraspinatus to
enhance compression of the flat tendon. At the end of the pro-
cedure, the first metallic marker was located 2 cm distally from
the Versalok anchors, that is, at the junction between the insertion
of the supra- and infraspinatus (Fig. 1, a). We did not perform any
additional posterior partial repair of the remaining cuff.

Postoperative care

Patients were placed in a 30� abduction and a neutral-rotation
sling for 6 weeks. Pendulum exercises were recommended
immediately after the surgery. At 6 weeks, the sling was removed
and passive full range of motion was authorized. Patients were
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allowed to begin active assisted range of motion exercises in every
direction for a minimum of 3 months associated with bio-feedback
exercises to stimulate the transfer.

Outcome measures

Preoperative age-adjusted Constant-Murley score (aCMS)13 and
Subjective Shoulder Value (SSV)20 were collected from patients’
records. All patients underwent a preoperative and postoperative
radiologic evaluation of the shoulder with assessment of the
subacromial distance (SAD) and the grade of glenohumeral
arthritis according to the Hamada classification24 on standard true
anteroposterior radiographs in neutral rotation. All patients un-
derwent either a preoperative CT arthrogram or magnetic reso-
nance imaging to assess tendon retraction according to Patte38;
fatty infiltration of the subscapularis, supraspinatus, infraspinatus,
and teres minor according to Goutallier et al22; and the number of
involved tendons according to Collin classification.12

Postoperative pain, function, and physical findings were
assessed using the aCMS,13 the SSV,20 the Simple Shoulder Test
(SST),45 the Activities of Daily Living requiring active External
Rotation (ADLER) score,5 and the American Shoulder and Elbow
Surgeons Standardized Shoulder Assessment Form (ASES)
score.41 Subjective satisfaction was assessed by self-questionnaire
before and after surgery and divided into 4 categories to assign a
rating of very satisfied, satisfied, disappointed, or unsatisfied.
Anatomic integrity of the transferred tendon was analyzed on
plain radiographs thanks to the metallic markers implanted into
the transferred tendon at fixed intervals. As previously reported, an
increased distance (up to 2 cm) between 2 metallic markers meant
rupture of the transferred tendon27 (Fig. 1, b). When none of the 3
markers had migrated by at least 2 cm, the transfer was considered
to be intact. Finally, an electromyographic (EMG) study using
needle electrodes was carried out to demonstrate contractions of
the LDT with both active forward flexion and active external
rotation at the side (ER1).

Statistical analysis

The primary objective of the study was to find out if the outcomes
of the surgery were different between the 2 age groups. A
between-group comparison of postoperative outcomes was per-
formed as the primary statistical analysis. In addition, a within-
group comparison of the preoperative vs. postoperative outcome
measures were also done to establish if both groups improved
postoperatively. t tests and Wilcoxon signed-rank tests were used
to test the statistical significance of this comparison.

As a secondary objective, regression analysis was done to
understand if the postoperative outcomes were predicted by the
age of the patients. Regression analyses also included other pre-
operative factors, including patient characteristics (sex, smoking,
type of work, compensation) and injury characteristics (number of
involved tendons, infraspinatus fatty infiltration, subscapularis
repair, SAD, Hamada stage, and Collin classification). As a sec-
ondary analysis, relative risk and odds ratio were calculated for all
the preoperative factors, especially age, to understand their in-
fluence on patient satisfaction; a chi-square test was performed to
understand the statistical significance of the relationship.

A statistical significance level was set at .05, and all the
analysis were performed by an independent statistician not
involved in the documentation of outcomes. The statistical soft-
ware package SPSS, version 20.0 (IBM, Armonk, NY, USA), was
used for the statistical analysis.
Results

Demographic and perioperative results

Sixty-six patients met the inclusion criteria (global series;
see Table I). Four patients were lost to follow-up (6%) after
1 year and were excluded, which meant that 62 patients
with complete follow-up were available for the study. One
patient died 3 years after the surgery from an independent
cause and was kept for the study. The mean follow-up
period was 32 months (range 24-69 months). There were
35 male and 27 female patients, with a mean age of 64
years at the time of surgery (range 43-83 years). The
dominant arm was involved in 55 cases. The mean duration
of symptoms before the surgical procedures was 24 months
(range 3-108 months). For 27 patients, the LDTwas the first
surgical procedure. Thirty-five patients had already under-
gone 1 or more previous operations including arthroscopic
cuff repair (27 patients) and open cuff repair (8 patients). In
47 patients, 2 tendons were involved in the tear (supra- and
infraspinatus). In 15 patients, 3 tendons were involved in
the tear, among which 3 subscapularis tears were consid-
ered significant enough to be repaired, which was done
during the procedure. Therefore, there were 3 patients at
Collin stage C (supraspinatus, infraspinatus, and upper part
of the subscapularis involved), 47 patients at Collin stage D
(supra- and infraspinatus involved), and 12 patients at
Collin type E (supraspinatus, infraspinatus, and teres minor
involved), with 3 Hornblower signs. The mean fatty infil-
tration stage of the supraspinatus was 3.7 (range 3-4), the
mean fatty infiltration stage of the infraspinatus was 3.5
(range 2-4), and the mean fatty infiltration stage of the
subscapularis was 0.4 (range 0-2).
Entire group

The aCMS improved significantly from a mean of 41 �
11.3 preoperatively to 86 � 25.8 postoperatively (P <.001)
with all the parameters of the Constant score also
improving significantly (P ¼.001) (Table II). The SSV
improved significantly from a mean of 23% � 9.7% pre-
operatively to 64% � 23.9% postoperatively (P ¼.001).
The preoperative and postoperative data on range of motion
and strength are detailed in Table II. Fifty patients (81%)
were satisfied or very satisfied with the surgical procedure
and 12 (19%) were disappointed or unsatisfied. There were
18 ruptured transfers (29%). EMG studies revealed active
and normal contractions of the LDT in both FF and ER1 in
24 cases (39%); active and normal contractions in FF but
weak in ER1 in 18 cases (28%); active but weak



Table I Patient demographics

Patient characteristics No. of patients (n¼62)

Work style
Sedentary 23
Manual work 39

Previous surgery
No 27
Once 31
Twice 3
3 times 1

Management of LHB
LHB absent (previous surgery) 34
LHB tenotomy/ tenodesis 28

Workers’ compensation
Yes 18
No 44

Type of previous surgery
Open cuff repair 8
Arthroscopic cuff repair 27

Collin classification
Type C 3
Type D 47
Type E 12

LHB, long head of the biceps.
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contractions in both FF and ER1 in 16 cases (27%); no
contractions at all in 4 cases (6%).

Risk factors of poorer outcome

Baseline characteristics were analyzed as potential predic-
tor risk factors of poorer outcome. Univariate odds ratio
and relative risks were calculated for patient satisfaction
and preoperative subject and clinical characteristics (Table
III). With odds ratio greater than 1, both groups of patients,
�55 and �75 years old, reported greater satisfaction levels
at the last follow-up. Patient satisfaction was also better
when the number of involved tendons was less than 3 (but
more than 1), when the SAD was less than 6 mm, when the
infraspinatus fatty infiltration was less than Goutallier stage
3, and when the rupture was Collin type D (supra- and
infraspinatus involved but normal teres minor). Poor satis-
faction was reported in patients with previous surgery and/
or subscapularis repair. However, none of those factors
were found to statistically have significant influence. We
did not find any statistical result regarding smoking status
because their proportions in the 2 groups were different and
quite small. Although those results can be found to be
clinically significant, we could not obtain a statistical sig-
nificance for all the parameters owing to variability in
sample size for each parameter.

A simple linear regression was undertaken to understand
if age predicted the postoperative outcomes in all the pa-
tients who underwent surgery (entire group). The regression
analysis revealed a statistically significant model for age
and the analyzed outcome measures (R2¼ 0.67, F[11, 25] ¼
4.75, P ¼ .001). Individual analysis of the outcome mea-
sures revealed that age predicted the aCMS score B ¼ 0.76
(95% CI 0.44-1.0, P ¼ .001) and SST score B ¼ 2.2 (95%
CI 0.4-4.3, P ¼.04) significantly, with no statistical signif-
icance achieved for other outcome measures (Table IV).

Complication and failure rates

There were 10 complications in the global series (16%). Six
patients sustained a hematoma localized on the lateral
thoracic side that healed uneventfully with nonoperative
treatment. Two patients had a superficial infection but did
not need any revision surgery. Treatment with oral antibi-
otics for those 2 cases resulted in very satisfied and intact
LDT for one and satisfied but ruptured LDT for the second.
One patient had to undergo revision surgery for a deep
infection (Staphylococcus aureus). Local d�ebridement and
intravenous antibiotic therapy followed by oral antibiotics
for this infected case resulted in an unsatisfying result
(disappointed and ruptured LDT). One patient sustained a
fall 1 month after the procedure, leading to an ante-
rosuperior escape of the humeral head with a bad result
(disappointed and ruptured LDT), but the patient has had no
desire for any revision surgery so far. There were no neu-
rovascular lesions.

Primary outcome (group A vs. group B)

The baseline preoperative characteristics (Table V) were
similar across both groups with comparable scores in po-
tential predictors of surgical outcomes such as the number
of ruptured tendons and Hamada stage. There were no
significant mean differences in the preoperative aCMS and
SSV scores. However, there were more smokers in group A
(6;20%) than in group B (1;3.3%).

Group 1: Patients �55 years of age. Thirty-one of the 62
patients (50%) with a mean age of 52 years (range, 43-55)
at the time of surgery were reviewed at last follow-up
(average 33 months, range 24-69). Statistically significant
difference in all postoperative outcome measures except for
ER1 (mean difference 3.3� � 18�; P ¼.41) was reported as
compared to the preoperative scores. Of those 31 patients,
25 (81%) were satisfied or very satisfied with the surgical
procedure. Pre- and postoperative data on scores, range of
motion, strength, SAD, and Hamada stage are detailed in
Table II. Ten LD tendon ruptures (33%) were observed at
the second control postoperatively. Finally, 2 patients un-
derwent revision surgery among those 31 patients �55
years of age who turned from a Hamada stage 2 before
surgery to a Hamada stage 4 at 24 and 72 months post-
operatively. They were revised with a reverse shoulder
arthroplasty. Intraoperative findings during these revision
surgeries revealed that the tendon was no longer visible in
the joint.



Table II Clinical results

Clinical data Preoperative Review P value, preoperative
review

Global Group A Group B Global Group A Group B Global Group A Group B

Constant
score

31.1 � 7.7 32.2 � 7.5 29.9 � 7.9 65.3 � 17.9 64 � 17.9 66.6 � 18 <.001) <.001) <.001)

Constant
subscore
Pain 0.2 � 0.9 0.2 � 0.9 0.2 � 0.9 12.3 � 3.2 11.8 � 3.2 12.9 � 3.1 .001) .001) .001)

Activity 6.7 � 1.6 6.7 � 1.5 6.8 � 1.6 15.2 � 4.2 14.8 � 4.2 15.6 � 4.1 .001) .001) .001)

Mobility 22.9 � 7 23.9 � 6.9 22 � 7 32 � 9.4 31.3 � 9.7 32.7 � 9.2 .001) .001) .001)

Strength 1.3 � 1 1.5 � 1.1 1 � 0.7 5.6 � 4.2 5.3 � 4.2 5.9 � 4.3 .001) .001) .001)

aCMS 40.8 � 11.3 38.4 � 9.1 43.1 � 12.8 85.6 � 25.9 75 � 22.4 96.3 � 25 .001) .001) .001)

SSV, % 23 � 9.7 20.2 � 6 25.5 � 11.6 63.8 � 24 60.9 � 24.5 66.7 � 23.6 .001) .001) .001)

Active FF,
degrees

124.5 � 34.2 127.4 � 32.9 121.6 � 31.8 148 � 41.5 149 � 43.3 146.8 � 40.4 .001) .004) .004)

Active
abduction,
degrees

82.1 � 42.4 82.7 � 42.1 81.4 � 45.4 128 � 44.5 125.5 � 48.3 130.3 � 41 .001) .001) .001)

Active ER
at side
(ER1),
degrees

23.9 � 14.9 25.6 � 17 22.1 � 12.5 33 � 18.5 31.6 � 18 36.6 � 14.1 .001) .410) .003)

Active IR
vertebral
level

6.2 � 1.9 6.2 � 2.1 6.2 � 1.8 7.9 � 2.3 7.6 � 2.1 8.2 � 2.4 .001) .001) .001)

VAS score NA 2.5 � 2.7 2.8 � 2.2 2.2 � 2.5 NA
SST score NA 7.3 � 3.4 6.2 � 3.2 8.3 � 3.4 NA
ADLER score NA 24.7 � 8.6 22.9 � 7.8 26.4 � 9.2 NA
ASES score NA 66.6 � 23 64.4 � 22.8 72.4 � 23.1 NA
Patient
satisfaction,
n (%)
Very
satisfied

NA 33 (53.2) 14 (45.2) 19 (61.3) NA

Satisfied NA 17 (27.4) 11 (35.5) 6 (19.3) NA
Disappointed NA 7 (11.3) 5 (16.1) 2 (6.5) NA
Unsatisfied NA 5 (8.1) 1 (3.2) 4 (12.9) NA

SAD, mm 7.5 � 2.4 7.4 � 2.7 7.5 � 2.2 7.2 � 2.4 7.4 � 2.5 7.1 � 2.3 .001) .001) .001)

Hamada stage 1.6 � 0.6 1.4 � 0.5 1.7 � 0.6 2 � 0.9 1.8 � 0.8 2 � 0.8 .001) .001) .001)

EMG, n (%)
Active FF
and ER1

NA 24 (39) 11 (36) 13 (42) NA

Active FF
but weak
ER1

NA 18 (28) 11 (36) 7 (23) NA

Weak FF
and ER1

NA 16 (27) 8 (26) 8 (26) NA

Inactive NA 4 (6) 1 (2) 3 (9) NA

aCMS, age-adjusted Constant-Murley score; SSV, Subjective Shoulder Value; FF, forward flexion; ER, external rotation; IR, internal rotation; VAS, visual

analog scale; SST, Simple Shoulder Test; ADLER, Activities of Daily Living requiring active External Rotation; ASES, American Shoulder and Elbow

Surgeons Standardized Shoulder Assessment Form; SAD, subacromial distance; EMG, electromyography; NA, not applicable.

Unless otherwise noted, values are mean � standard deviation.

Group A: patients �55 years of age (n¼31); group B: patients beyond 55 years of age (n¼31).
* Statistically significant.
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Table IV Regression analysis model summary age at surgery vs. postoperative outcomes

Postoperative outcome Beta value 95% CI of Beta Significance

Constant –0.44 –0.98, 0.10 .10
SSV –0.13 –0.41, 0.15 .34
Forward flexion –0.13 –0.31, 0.06 .18
Abduction –0.17 –0.36, 0.02 .08
External rotation 0.01 –0.19, 0.22 .90
Internal rotation –0.53 –2.66, 1.51 .59
VAS score 0.54 –3.39, 4.47 .78
SST score 2.21 0.04, 4.36 .04)

ADLER score –0.27 –0.80, 0.26 .30
ASES score –0.02 –0.61, 0.57 .94
aCMS 0.77 0.44, 1.09 .001)

SSV, Subjective Shoulder Value; VAS, visual analog scale; SST, Simple Shoulder Test; ADLER, Activities of Daily Living requiring active External Rotation;

ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form score; aCMS, age-adjusted Constant-Murley score; CI, confidence

interval.
* Statistically significant.

Table III Univariate odds ratios and risk ratio for patient satisfaction

Subject factors Odds ratio Risk ratio 95% CI of odds ratio P value

Smoker) d d d d
SAD <6 mm 2.17 1.6 0.51, 9.1 .23
No. of tendons involved <3 1.75 1.1 0.38, 7.9 .36
IS Goutallier stage <3 1.64 1.29 0.46, 5.8 .32
Collin classification 1.46 1.09 0.33, 6.5 .44
Age � 55 yr 1.3 1.1 0.36, 4.4 .47
Age � 75 yr 1.0 1.0 0.28, 3.5 .62
Male gender 0.90 0.96 0.25, 3.2 .57
Manual worker 0.81 0.93 0.21, 3.0 .52
Hamada stage <2 0.78 0.88 0.46, 1.6 .47
Previous surgery 0.52 0.78 0.14, 2.0 .27
Worker’s compensation 0.49 0.62 0.13, 1.8 .23
Subscapularis repair 0.39 0.36 0.04, 2.1 .24

SAD, subacromial distance; IS, infraspinatus; CI, confidence interval.

Odds ratio less than 1: factor associated with lower patient satisfaction; odds ratio greater than 1: factor associated with higher patient satisfaction.
* Smoker status ratio could not be calculated because their proportionate number was very low.
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Group B: Patients �75 years of age. Thirty-one of the
62 patients (50%) with a mean age of 77 years (range,
75-83) at the time of surgery were reviewed at last follow-
up (average 31 months; range, 24-53). Statistically signif-
icant difference was observed in all postoperative outcome
measures including ER1 as compared to preoperative
scores. Twenty-five patients among those 31 (81%) were
satisfied or very satisfied with the surgical procedure. Pre-
and postoperative data on range of motion, strength, SAD,
and Hamada stage are detailed in Table III. Eight tendon
ruptures (26%) were observed at the second control
postoperatively. No RSA was performed among those 31
patients �75 years of age.

Secondary outcomes: relation between age and
clinical outcomes

Within-group comparisons reveal that both group scores
significantly improved the aCMS, with group B, the elderly
population (53 � 23.5; P ¼ .001), reporting better im-
provements from the preoperative levels compared with
group A, the younger population (36 � 17.4; P ¼ .001)



Table V Preoperative group characteristics

Group A:
31/62
patients
(age � 55 yr)

Group B:
31/62 patients
(age � 75 yr)

Age at surgery (yr),
mean (range)

52 (43-55) 77 (75-83)

Smoking status, n (%) 6 (20) 1 (3)
Involved tendons, n 2.1 � 0.3 2.2 � 0.4
Constant score 32.2 � 7.5 29.9 � 7.9
Constant subscore
Pain 0.2 � 0.9 0.2 � 0.9
Activity 6.7 � 1.5 6.8 � 1.6
Mobility 23.9 � 6.9 22.0 � 7.0
Strength 1.5 � 1.1 1 � 0.7

aCMS 38.5 � 9.1 43.1 � 12.8
Active FF, degrees 127.4 � 32.9 121.6 � 31.8
Active abduction,
degrees

82.7 � 42.1 81.4 � 45.4

Active ER at side
(ER1), degrees

25.6 � 17 22.1 � 12.5

SSV 20.2 � 6 25.5 � 11.6
SAD, mm 7.5 � 2.7 7.5 � 2.2
Hamada stage 1.5 � 0.5 1.7 � 0.6

aCMS, age-adjusted Constant-Murley score; FF, forward flexion; ER,

external rotation; SSV, Subjective Shoulder Value; SAD, subacromial

distance.

Unless otherwise noted, values are mean � standard deviation.
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(Table II). Analysis of the postoperative aCMS scores
revealed statistically significant difference between the 2
groups (21 � 36.5; P ¼ .006) (Table VI). Overall, we found
that functional outcome measures for parameters such as
mobility, more specifically the ER range of motion, VAS,
SST, SSV, ADLER, and ASES scores, were equal for both
groups. Nonparametric tests did not reveal any significant
differences in the postoperative outcomes for each of the
variables of both groups except the SST score.
Discussion

We can confirm our hypothesis: LDT can be as effective in
the elderly (�75 years of age) as in the younger population
(�55 years of age) for the treatment of irreparable poster-
osuperior RCT. Nevertheless, patients older than 70 years
have been considered not to be eligible for such a procedure
because of significant muscle weakness, low capacity of
healing, and poor ability to activate the transfer.14,18,25,46

However, these studies have demonstrated good to excel-
lent outcomes in younger patients, especially those for
whom the transferred tendon healed successfully.27 We
found only 3 reports that enrolled patients older than 75
years,23,36,47 but no cut-off age has been defined in those
studies. In our series, the functional outcome measures for
parameters such as range of motion (and more specifically
ER1-ER2 [active external rotation at 90

�
of abduction]),

VAS, SST, SSV, ADLER, ASES, and patient’s satisfaction
scores were in general equal in both groups.

Tendon transfers have revolutionized the treatment of
nonrecovering nerve palsies in the upper limb such as radial
nerve palsy at the hand even in the elderly population.1,42

We have considered that a tendon transfer could work
actively in the elderly at the shoulder as it works at the hand
and could be proposed in irreparable posterosuperior RCT.
Three points have to be highlighted in the elderly group
from this study: at first both the age-adjusted Constant-
Murley score and the SST are significantly better (96 vs. 75
points; P ¼ .001); second, the rate of the transferred tendon
rupture is lower (26% vs. 33%); and third, no patient had to
be revised to an RSA. Our previous study suggests a strong
correlation between the functional scores and the status of
the transfer, intact or ruptured, 28 with a better Constant
score when the LDT heals. The rate of rupture seems
correlated to (1) the type of fixation into (tunneled tendon)
or onto ‘‘over-the-top’’ the humeral head and (2) the
applied tension on the tendondthe higher the tension, the
higher the rate of rupture. A more posterior fixation is now
recommended29 to decrease the rate of rupture. In this se-
ries, we fixed the tendon flat onto the humeral head, which
could explain our high rate of rupture in both groups (29%).
Since 2018, we have been performing a full-arthroscopic
LD transfer technique46 with a more posterior fixation
(onto the footprint of the infraspinatus) to improve the rate
of tendon healing and is currently being
investigated.30 Finally, a tendon transfer could be a better
option than RSA in the elderly population regarding po-
tential drawbacks of a reverse. These include high
complication rates, incomplete restoration of satisfactory
rotation, and a higher cost. Moreover, a tendon transfer
does not cut the bridges to an RSA in case of failure.48

Our EMG study shows a dynamic forward flexion effect
of the transferred tendon in 42 of the 62 cases (67%),
including 20 aged patients, which suggests the LDT not
only acts passively with a tenodesis effect but also could act
as an active tool for rebalancing humeral head muscular
horizontal biodynamics when healed.8 Thirty-four patients
(55%) had a weak EMG with ER1 that could be explained
by the fact that the transferred LD has a different line of
pull from that of the infraspinatus when the elbow is on the
side but similar to that of the teres minor when the arm is
abducted. This result confirms publication from Clavert
et al, 10 who report electrical activity in abduction and
external rotation suggesting that the LDT transfer acts as an
active muscle transfer and not only as a muscle tenodesis
that covers the humeral head.

Our patients had a higher risk of being less satisfied with
their results in case of prior rotator cuff repair (relative risk
[RR] 0.78) and/or combined subscapularis repairdCollin
type C cuff tear (RR 0.36). Conversely, our patients had a
higher chance of being more satisfied with their results in



Table VI Comparison of clinical results between group A and group B

Group A: 31/62 patients
(age � 55 yr)

Group B: 31/62 patients
(age � 75 yr)

P value: group A vs. B

Follow-up, mo 33 � 13 31 � 9.6 NA
Constant score 64 � 17.9 66.6 � 18 .56
aCMS 75 � 22.4 96.3 � 25 .001)

SSV, % 60.9 � 24.5 66.7 � 23.6 .22
Pain 11.8 � 3.2 12.9 � 3.1 .18
Activity 14.8 � 4.2 15.6 � 4.1 .50
Mobility 31.3 � 9.7 32.7 � 9.2 .56
Strength 5.3 � 4.2 5.9 � 4.3 .53
Active forward flexion, degrees 149 � 43.3 146.8 � 40.4 .84
Active abduction, degrees 125.5 � 48.3 130.3 � 41 .68
Active ER1, degrees 31.6 � 18 36.6 � 14.1 .56
Active ER2, degrees 41.5 � 22.7 48.5 � 22.2 .03)

Active internal rotation (vertebral level) 7.6 � 2.1 8.2 � 2.4 .31
VAS score 2.8 � 2.2 2.2 � 2.5 .54
SST score 6.2 � 3.2 8.3 � 3.4 .001)

ADLER score 22.9 � 7.8 26.4 � 9.2 .24
ASES score 64.4 � 22.8 72.4 � 23.1 .44
Very satisfied, n (%) 14 (45.2) 19 (61.3) NA
Unsatisfied, n (%) 1 (3.2) 4 (12.9) NA
Transfer rupture, n (%) 10 (33) 8 (26) NA

aCMS, age-adjusted Constant-Murley score; SSV, Subjective Shoulder Value; ER1, active external rotation at the side; ER2, active external rotation at 90
�

of abduction; VAS, visual analog scale; SST, Simple Shoulder Test; ADLER, Activities of Daily Living requiring active External Rotation; ASES, American

Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form score; NA, not applicable.

Unless otherwise noted, values are mean � standard deviation.
* Statistically significant
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case of SAD less than 6 mm (RR 1.6), infraspinatus fatty
infiltration lower than Goutallier stage 3 (RR 1.29), number
of involved ruptured tendons fewer than 3, and Collin type
D cuff tear (supra- and infraspinatus involved but normal
teres minor) (RR 1.09). These data might be helpful to
consider elderly patients with large 2-tendon tears, and
suggest the LDT may not be indicated in cases where the
teres minor is involved (3 tendons). In such cases of
extended irreparable posterosuperior cuff tear but without
pseudoparalytic shoulder, either a lower trapezius transfer
or a L’Episcopo procedure could be a better option. As a
result, we have moved and limited our LDT indications to
patients with a painful loss of active elevation or painful
shoulder as described by Boileau et al6 with Collin type D.
We have turned to the lower trapezius transfer in cases of
isolated loss of active external rotation according to Boil-
eau et al,4 that is, a non pseudo-paralytic shoulder with a
positive Hornblower sign, a positive external lag sign, and a
Collin type E cuff tear. We still consider that RSA remains
the only option to restore active elevation in pseudopar-
alytic shoulders.26
Limitations

There are several limitations to this study, including a short-
term follow-up period. However, it has been reported that
failures always occur between the first and third months
postoperatively without any symptoms,28 and the results are
stable with time18 without significant clinical worsening.
Moreover our study was performed in a single center,
without any interobserver reliability assessment. However,
the procedures were performed within a short but contin-
uous period of time by a senior shoulder surgeon with
significant experience in arthroscopically assisted LDT and
the statistical results were analyzed by an independent
observer (P.S.).
Conclusion
Posterior transfer of latissimus dorsi is an effective
surgical option for the treatment of massive irreparable
posterosuperior cuff tears in the elderly (�75 years of
age) and has similar results as in younger patients (�55
years of age).
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