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Background: This study compares postoperative outcomes of lower trapezius tendon transfers (LTTTs)
in massive irreparable rotator cuff (RC) tears based on the degree of teres minor (TM) fatty infiltration.
Methods: In this prospective longitudinal observational study, patients with massive RC tears under-
going arthroscopic-assisted LTTT by two surgeons were screened. TM fatty infiltration on preoperative
magnetic resonance imaging was graded using the Goutallier classification. Two groups were created as
follows: group A included grades 0 and 1 (no or little fatty infiltration), and group B included grades 2 to
4 (moderate-to-severe fatty infiltration). Participants completed the Single Assessment Numeric
Evaluation (SANE) score preoperatively, and 12- and/or 24 months postoperatively along with a clinical
assessment. Independent t-tests compared groups, and paired t-tests compared pre-vs. postoperative
results. Significance was defined as P < .05.
Results: There were 47 patients in group A and 19 in group B. No group differences were found in
preoperative SANE score, forward elevation or active external rotation (ER). Both groups showed sig-
nificant postoperative improvements in SANE score with no differences between the groups. An ER lag
sign was observed in 18/47 patients (38.3%) in group A and 11/19 patients (57.9%) in group B (P ¼ .177).
Preoperative ER strength was significantly different in group A (2.9 kg) vs. group B (0.7 kg; P ¼ .001), but
postoperative ER strength was similar (P ¼ .931).
Conclusion: LTTT is a suitable salvage procedure regardless of the degree of TM fatty infiltration and
should be considered an alterative procedure to latissimus dorsi tendon transfer in patients with
high-grade TM fatty infiltration.

© 2024 Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Rotator cuff (RC) tears are one of the most common pathologies
affecting the shoulder.11 Massive RC tears extend beyond 5 cm in
the anterior to posterior direction, involve 2 or more of the RC
tendons, or uncover >67% of the greater tuberosity footprint.17

Many patients with massive RC tears experience high pain levels
and/or poor range of motion. Patients with massive postero-supe-
rior tears may lack active external rotation (ER) or experience a
functional deficit of ER.
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Although direct repair of acute massive RC tears can be suc-
cessful, chronic tears with poor tendon quality necessitates the use
of alternative procedures to restore function and provide pain
relief. While reverse shoulder arthroplasty is a reasonable surgical
option for patients with RC arthropathy and/or advanced age, its
use in the younger patient population with massive irreparable
cuff tears is suboptimal with complication rates reported at
22.4%.8,15 The optimal treatment for massive irreparable poster-
osuperior cuff tears in young patients therefore presents a
significant therapeutic challenge. Younger patients with massive
irreparable cuff tears are often provided with alternative salvage
options, such as superior capsular reconstruction (SCR) or tendon
transfers, to restore range of motion, improve function, and
provide pain relief.1
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Tendon transfers have gained popularity in young patients with
massive irreparable RC tears. The two most common tendon
transfers in patients with massive irreparable RC tears are the
latissimus dorsi tendon transfer (LDTT) and lower trapezius tendon
transfer (LTTT). Both types of tendon transfer provide improvement
in objectively measured and patient-reported outcomes.5,22

However, patients with high-grade fatty infiltration of the teres
minor (TM) muscle demonstrated poor outcomes compared to
patients with minimal or no TM fatty infiltration following LDTT.3

This led to the conclusion that high-grade fatty infiltration of the
TM should be considered a relative contraindication to performing
a LDTT. The influence of TM fatty infiltration on outcomes following
LTTT has not been evaluated. Biomechanical studies suggest that
compared to the LDTT, the LTTT provides a line of pull, which more
closely replicates the native direction of activity of the infraspinatus
and TM tendons, and therefore may not be similarly influenced by
TM fatty infiltration.14

The purpose of this study was to evaluate patients who under-
went LTTT for the treatment of massive irreparable RC tears to
determine if the degree of fatty infiltration of TM influences
patient-reported outcomemeasures, shoulder range of motion, and
ER strength. We hypothesize that LTTT will provide improved
patient-reported and objective range of motion and strength-based
outcomes independent of the degree of fatty infiltration to the TM.

Materials and methods

This was a prospective longitudinal observational study con-
ducted by two upper extremity fellowship-trained orthopedic
surgeons at two university-affiliated teaching centers.

Participants

Consecutive patients presenting to one of the two participating
surgeons in their orthopedic outpatient clinics with a massive RC
tear confirmed on magnetic resonance imaging (MRI) that had
failed with more than three months of nonoperative management
were screened for study eligibility. Inclusion criteria were: 1) a
massive irreparable RC tear on preoperative MRI, 2) arthritic
Hamada grade of <3 on standardized anteroposterior preoperative
X-rays, 3) a minimum of 12months of follow-up, and 4) aminimum
18 years of age.

Massive RC tear size was defined on MRI as two or more RC
tendons or uncovering of the greater tuberosity of >67%.17 Irrep-
arability was defined as two or more of the following: 1) infra-
spinatus fatty infiltration at Goutallier grade II or greater; 2)
supraspinatus tendon length <15 mm; 3) Patte grade 3; and 4)
previously failed RC repairs. If the patient was deemed eligible and
agreed to discuss participation in the study, the informed consent
process was undertaken by a research coordinator. Final eligibility
was confirmed during the index operation. Intraoperative exclusion
criteria were as follows: 1) the presence of an irreparable sub-
scapularis tear and 2) grade 4 chondromalacia of the humeral head
or glenoid.

Outcome measures

The primary outcome measure of this study was patient-
reported outcome measures, while secondary outcomes included
shoulder range of motion and ER strength. Functional measure-
ments for ER strength were measured using a hand-held dyna-
mometer (Mark-10 Series 3; Mark-10 Corporation, Copiague, New
York). At each follow-up visit, eligible participants completed the
Single Assessment Numeric Evaluation (SANE) score. The SANE
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score is a self-reported assessment, which provides a single
numeric value reflecting overall function and satisfaction.20 Range
of motion measurements, including forward elevation (FE) and ER,
were measured directly in degrees. The number of surgical failures
was also determined, defined as a SANE score of �50%, FE <90
degrees, or second surgery performed or offered within the study
period. TM fatty infiltration was graded on preoperative MRI using
the Goutallier classification by two fellowship-trained orthopedic
surgeons not involved in performing the surgeries.6 Participants
were categorized into two groups as follows: group A included
patients with little or no fatty infiltration of the TM (grades 0 and 1)
and group B included patients with moderate or severe fatty
infiltration of the TM (grades 2, 3, or 4).

Study protocol

Upon consent, participants completed a preoperative baseline
visit, and postoperative study visits were conducted at 6, 12, and
24 months. Patient-reported outcomes were completed, and a
clinical assessment was performed by a trained research
coordinator (physical or athletic therapist). Approval for this
study was obtained from the University of Manitoba Bannatyne
Campus Research Ethics Board and the Emory University
Research Ethics Board before the commencement of study
activities. The authors have no conflicts of interest relevant to
this study to disclose

Surgery

An arthroscopic-assisted LTTT was performed using Achilles
tendon allograft in a standardized manner, as previously
described.4 The lower trapezius tendon was isolated with a mini-
open procedure along the posterior acromial spine. The Achilles
allograft was prepared on the back table and inserted into the
shoulder through the posterior incision in a subdeltoid position
after all required concomitant procedures were completed (eg, bi-
ceps tenotomy or tenodesis, subscapularis repair, acromioplasty,
partial RC repair) and secured to the greater tuberosity with two
commercially available anchors. With the arm in 60 degrees of
abduction and ER, the Achilles allograft was then secured to the
isolated lower trapezius tendon in a transtendinous pulvertaft
fashion. Patients were placed into an ER or abduction sling post-
operatively for 6 weeks and followed a standardized physiotherapy
protocol.

Statistics

Between group comparisons were performed using indepen-
dent student t-tests assuming equal variance. Pre-vs. postoperative
comparisons were performed for each group using paired t-tests.
The rate of ER lag sign was compared between groups using a chi-
square test. Failure within the postoperative study period was
defined as either a SANE score �50, FE �60 degrees, or having
completed or consented to revision surgery. Significance was
defined as P < .05. Tukey’s least significant difference was used for
adjusting for multiple comparisons.

Results

A total of 66 patients screened from a massive irreparable RC
tear prospective database undergoing arthroscopic-assisted LTTT
met full criteria for inclusion in the study. PreoperativeMRI analysis
of the ipsilateral shoulder stratified 47 patients into group A
(Goutallier grade 0 and 1) and 19 patients into group B (Goutallier



Table II
Pre-vs. postoperative Single Assessment Numeric Evaluation (SANE) scores for
group A (Goutallier grades 0 and 1 (G0-1)) and group B (Goutallier grades 2, 3, and 4
(G2-4)).

Group A Group B P value

SANE preop (mean[SD]) 35.4 [18.5] 28.1 [14.4] .119
SANE >12 mo (mean[SD]) 79.6 [17.1] 76.9 [18.6] .604
P value (pre- vs. postoperative) .000* .000*

SD, standard deviation.
*Significant difference between groups (P < .05). Table III

Pre-vs. postoperative range of motion for group A (Goutallier grades 0 and 1 (G0-1))
and group B (Goutallier grades 2, 3, and 4 (G2-4)).

Group A Group B P value

FE preop (mean[SD]) 118.3 [35.9] 110.5 [36.1] .437
FE > 12 mo (mean[SD]) 161.4 [16.8] 152.2 [29.5] .252
P value (pre vs. postoperative) .000* .002*

ER preop (mean[SD]) 23.8 [25.7] 10.8 [30.3] .120
ER > 12 mo (mean[SD]) 53.4 [21.7] 42.3 [26.8] .146
P-value (pre vs. postoperative) .000* .002*

FE, forward elevation; ER, external rotation; SD, standard deviation.
*Significant difference between groups (P < .05).

Figure 1 Pre-vs. postoperative Single Assessment Numeric Evaluation (SANE) scores
for group A (Goutallier grades 0 and 1 (G0-1)) and group B (Goutallier grades 2, 3, and
4 (G2-4)). (*) represents significance at P < .05.

Figure 2 Pre-vs. postoperative FE for group A (Goutallier grades 0 and 1 (G0-1)) and
group B (Goutallier grades 2, 3, and 4 (G2-4)). (*) represents significance at P < .05.

Table I
Patient demographics for group A (Goutallier grades 0 and 1 (G0-1)) and group B
(Goutallier grades 2, 3, and 4 (G2-4)).

Group A Group B

Number 47 19
Age (mean[range]) 59.0 y [39-73] 56.7 y [43-74]
Sex (F:M) 9:36 4:15
Revision surgery 10 7
WCB 6 3

WCB, Worker’s Compensation Board; F, female; M, male.
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grades 2, 3, and 4). Patient demographics for groups A and B are
shown in Table I.

Preoperative values for SANE score are shown in Table II. Pre-vs.
postoperative comparison of each group demonstrated statistically
significant improvement in SANE scores (group A, P ¼ .000; group
B, P ¼ .000; Table II and Fig. 1). No significant difference was found
between groups either preoperatively (P ¼ .119) or postoperatively
(P ¼ .604).

Range of motion measurements for pre and postoperative
assessments for degrees of active FE and ER are shown in
Table III and Figs. 2 and 3. Comparison between the two groups
demonstrated no statistically significant difference in preopera-
tive range of motion measurements (FE, P ¼ .437; ER, P ¼ .120),
or postoperative range of motion measurements (FE, P ¼ .252;
ER, P ¼ .146). Both groups experienced a statistically significant
increase in pre-vs. postoperative FE and ER (P < .002 in all
comparisons).

An ER lag sign was noted in 18/46 (39.1%) patients in group A,
compared to 11/19 (57.9%) patients in group B preoperatively,
though this difference was not found to be statistically significant
(P ¼ .177, Table IV). ER strength was significantly different in group
A (2.9 kg) vs. group B (0.7 kg) in baseline preoperative measure-
ments (P ¼ .001, Table IV and Fig. 4). This difference was no longer
noted in postoperative measurements (P ¼ .931).

Failure within the postoperative study period was defined as
either SANE score �50, FE �60 degrees, or having completed or
consented to revision surgery. One of the 46 (6.5%) patients in
group A had a SANE score �50, while 4/46 (8.7%) had revision
surgery. Two of the 46 patients had both a SANE score �50 and
revision surgery. One of the revision surgeries required conver-
sion to reverse shoulder arthroplasty; one involved latissimus
transfer to subscapularis and other intra-articular arthroscopic
procedures; and 4 involved minor procedures for wound infec-
tion, bicipital groove d�ebridement, or other arthroscopic
d�ebridement procedure(s). One of 19 (5.3%) of patients in group
B had a SANE score < 50, while 4/19 (21.0%) had revision surgery,
with two revisions to reverse shoulder arthroplasty, one revision
to LDTT with other intra-articular arthroscopic procedures, and
one minor procedure for biceps tenotomy and groove
d�ebridement. No patients in either group met criteria for failure
based on FE �60 degrees.
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Discussion

In patients with massive irreparable RC tears, LTTT significantly
improves patient-reported outcome measures, regardless of the
degree of fatty infiltration to the TM. Postoperative ER strength was
restored to similar levels despite patients with high fatty infiltra-
tion of TM having significantly lower ER strength at baseline. This
study demonstrates that LTTT is a suitable salvage procedure for
any degree of TM fatty infiltration and should be strongly consid-
ered over LDTT in patients with high-grade TM fatty infiltration.



Figure 3 Pre-vs. postoperative external rotation for group A (Goutallier grades 0 and 1
(G0-1)) and group B (Goutallier grades 2, 3, and 4 (G2-4)). (*) represents significance at
P < .05.

Table IV
Pre-vs. postoperative external rotation lag sign (present vs. absent) and isokinetic
external rotation strength (kilograms) for group A (Goutallier grades 0 and 1 (G0-1))
and group B (Goutallier grades 2, 3, and 4 (G2-4)).

Outcome Group A Group B P value

ER lag sign preoperative 18/46 11/19 .177
ER lag sign at >12 mo 1/46 0/19 1
ER strength (mean[SD]) 2.9 [2.9] 0.7 [1.3] .001*

ER strength >12 mo (mean[SD]) 6.6 [3.7] 6.7 [2.9] .931
P value (pre- vs. postoperative) .000* .000*

ER, external rotation; SD, standard deviation.
*Significant difference between groups (P < .05).

Figure 4 Pre-vs. postoperative isokinetic external rotation strength (in kilograms) for
group A (Goutallier grades 0 and 1 (G0-1)) and group B (Goutallier grades 2, 3, and 4
(G2-4)). (*) represents significance at P < .05. (kg: kilograms).
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Massive irreparable RC tears in young patients, though not a
common pathology, present considerable challenges in treatment
as there is currently no ideal operative intervention to restore
optimal mechanics in this otherwise high-functioning patient
group. Salvage options have focused on SCR and tendon transfers in
the recent literature. While SCR is a reasonable intervention to
provide static depression of the humeral head and centralization on
the glenoid, its utility in patients with severe ER weakness or an ER
lag and an irreparable infraspinatus or TM complex is limited.23 In
fact, failure rates exceeding 50% have been observed in the setting
of high-grade fatty infiltration of the external rotators. Tendon
transfers offer the theoretical advantage of restoring both static
depression of the humeral head and dynamic function of the
posterior force couple. However, when LDTTs were performed on
patients with advanced TM fatty infiltration, poor outcomes were
observed, rendering this pathology a relative contraindication for
LDTT.3 The results of the current study contradict the previous
literature, demonstrating significantly improved SANE scores when
LTTT is performed in the setting of moderate-to-high-grade fatty
infiltration of TM.

LTTT has gained considerable popularity in recent years due to
its biomechanical and kinematic advantages when compared to the
LDTT.14,18,21 TM has become increasingly recognized for its role in
maintaining ER and function in patients withmassive RC tears.2 The
muscle fibers of the lower trapezius pull in line and in phase with
the infraspinatus and TM muscle fibers. The more anterior and
inferior origin of the latissimus dorsi muscle on the posterior tho-
rax results in a pull vector that is out of line and out of phase
following tendon transfer. Furthermore, electromyographic studies
corroborate that the lower trapezius electrical activity mimics the
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timing and position of activity compared to infraspinatus activ-
ity.18,21 Although prior retrospective studies have demonstrated
similar clinical and patient-reported outcomes in patients with
arthroscopic-assisted LTTT compared to arthroscopic-assisted
LDTT,24 this study suggests that the improved biomechanics of
the LTTT may provide advantages in the restoration of ER.

Functional ER of the shoulder refers to the ability to perform
active ERwith sufficient range to perform activities of daily living as
well as to perform these motions with sufficient strength to have
meaningful function. In this study, a large proportion of the par-
ticipants presented with ER lag signs with a mean ER of 10.8 to 23.8
degrees (Table III). The minimum ER of the shoulder necessary for
daily tasks has been measured between 35 and 59 degrees.7,12

Similarly, a biomechanics study performed in 2012 quantified
how restriction of ER of the shoulder with an orthosis affected the
perceived ability to perform various activities of daily living.10 We
found that LTTT provided significant improvements in ER to 53.4
and 42.3 in groups A and B, respectively, allowing for the restora-
tion of ER to a degree that accommodates activities of daily living. In
a series of normal volunteers with minimal shoulder dysfunction,
isometric ER strength at 45 degrees of abduction was measured at
an average of 33.6 newton-meters, equivalent to 3.4 kgmeters.16 An
alternate study investigated isometric ER strength in overhead
throwing athletes and nonathletes at 90 degrees of shoulder
abduction and found mean ER strength of 9.39 kg and 7.90 kg,
respectively.13 In our study, patients in group B with high fatty
infiltration of TM exhibited isokinetic strength significantly below
these reported values at baseline (0.7 kg), whereas patients in
group A with minimal fatty infiltration of TM did not have such a
significant discrepancy (2.9 kg). Postoperative strength values
improved significantly in both patient groups from their preoper-
ative measurements and more closely approximated values in
these other studies. This implies that LTTT can restore functional ER
to the shoulder, validating previous biomechanical investigations
demonstrating that LTTT results in restoration of ER.9 It is note-
worthy that the strength scores remain lower than those recorded
in nonathletic adults, and this is also evident anecdotally where
patients have described relative weakness despite the restorative
ability to perform activities of daily living.

The overall rate of early failure in this study was relatively low.
However, medium-to-long-term follow-up is needed to determine
if LTTT is able to mitigate the longer-term deteriorative findings
observed following LDTT. The alternative vector of pull driven by
the LDTT has been hypothesized to lead to a higher risk of
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progression to glenohumeral osteoarthritis in cases when the TM
tendon has also been compromised. Mid-term results of LDTT for
massive RC tears demonstrate progression to mild arthritis
(Hamada grade 1 or 2) in a majority of patients (19/23, 82.6%) and
advanced arthritis (Hamada grade 3 or 4) in 4/23 (17.4%) of
patients.19 Although these numbers are high, a general lack of
long-term studies or comparative LTTT studies precludes a
conclusion as to whether this is secondary to the transfer itself or
due to the natural history of the underlying pathology.

Limitations of this study include the inability to monitor patient
adherence to physiotherapy protocols and instructions, which may
affect final outcomes. In addition, many patients demonstrated
concomitant pathology requiring a variety of interventions,
including subscapularis repair, partial supraspinatus/infraspinatus
repair, acromioplasty, biceps tenotomy or tenodesis, and/or
capsular releases, which could not be controlled for. Lastly, the
results described are of minimum 1 year and will need to be further
monitored in medium- and long-term time frames.

Despite these limitations, strengths of this study include a
regimented analysis of patient range of motion and strength by a
research team, allowing for reproducibility of measurements
between patients and along various time points. Additionally, all
surgeries performed in this multicenter study were performed by
two fellowship-trained surgeons who employ the same LTTT
technique, reducing variability of patient outcomes secondary to
experience, surgical technique, and provided postoperative
rehabilitation protocols. Despite having a more limited patient
population, this study represents the largest to date to investigate
factors affecting outcomes in patients with tendon transfers,
allowing our results to be generalized to this patient population.

Conclusion

LTTT in patients with massive irreparable RC tears results in
improved patient-reported outcome measures, range of motion,
and ER strength regardless of the level of fatty infiltration of TM.
LTTT is therefore a suitable operative intervention for patients with
massive irreparable posterosuperior RC tears and should be
strongly considered as a primary salvage option in this patient
population.
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