
Original Article
From the
and Gifu Un
Gifu, Japan.

The autho
and publica
available for

This study
University G

Received J
Arthroscopic Long Head of the Biceps Transposition
for Superior Capsular Augmentation Results in

Comparable Clinical Outcomes to Arthroscopic Partial
Repair for Irreparable Rotator Cuff Tears
Kenji Kawashima, M.D., Ph.D., Nobuo Terabayashi, M.D., Ph.D., Hiromi Asano, M.D., and
Haruhiko Akiyama, M.D., Ph.D.
Purpose: To describe a modified arthroscopic technique of long head of biceps transposition (LHBT) for superior capsular
augmentation; to investigate the outcomes and effectiveness of LHBT in patients with irreparable rotator cuff tears; and to
compare the results with those of arthroscopic partial repair (APR) after a 2-year minimum follow-up. Methods: We
retrospectively reviewed patients who underwent arthroscopic repair of large to massive superior rotator cuff tears. The
inclusion criteria were an irreparable rotator cuff with inability of the tendon to reach the original footprint and
postoperative follow-up for a minimum of 2 years. We investigated 22 patients followed up for 30.7 months (mean); 10
patients underwent isolated partial repair and 12 patients underwent LHBT combined with partial repair. The acromio-
humeral interval (AHI) was measured using anteroposterior radiographs. Cuff integrity was defined using Sugaya’s
classification 2 years postoperatively. Clinical outcomes were assessed preoperatively and during postoperative follow-up
(minimum 2 years) using the American Shoulder and Elbow Surgeons and University of California, Los Angeles shoulder
rating scales. Results: Postoperative functional scores significantly improved in both groups. In the LHBT group, both
American Shoulder and Elbow Surgeons and University of California, Los Angeles scores significantly improved
postoperatively from 52.0 � 14.6 to 89.3 � 10.4 points (P ¼ .002) and 15.2 � 2.2 to 32.5 � 2.6 points (P ¼ .002),
respectively. In addition, the AHI at the final follow-up was significantly greater in the LHBT group (7.5 � 2.0 mm) than in
the APR group (5.8 � 1.9 mm) (P ¼ .032). The retear rate, forward flexion, and postoperative functional scores at the final
follow-up were better in the LHBT group; however, the intergroup differences were not statistically significant.
Conclusions: Arthroscopic LHBT for irreparable rotator cuff tears showed comparable clinical outcomes and improve-
ment in postoperative AHI compared with APR after a minimum 2-year follow-up. Level of Evidence: Level III,
retrospective comparative trial.
ecently, superior capsular reconstruction (SCR)
Rhas been presented as a possible alternative for
treating irreparable rotator cuff tears (RCTs) and
restoring superior glenohumeral stability and shoulder
joint function. Mihata et al.1 described an increased
postoperative acromiohumeral interval (AHI) and
clinical improvement after SCR. The graft used was a
tensor fasciae latae (TFL) autograft that was attached
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medially to the superior glenoid and laterally to the
greater tuberosity. However, there is the need for
another operative procedure for TFL harvesting because
of the morbidity and risk for complications associated
with this treatment. In an effort to avoid TFL-associated
autograft harvest-site complications, such as pain, local
swelling, hematoma, numbness, and infection, the long
head of the biceps (LHB) tendon has been proposed as
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Table 1. Patient Demographics and Preoperative Clinical Data

APR Group
(n ¼ 10)

LHBT Group
(n ¼ 12) P Value*

Age, yy 71.9 � 7.5 67.8 � 2.0 .22
Mean follow-up (range), mo 37.2 (24-72) 24.8 (24-30)
Sex (male:female) 6:4 7:5
AHI, mm* 7.7 � 2.8 6.8 � 1.8 .67
Hamada grade
I 6 8
II 3 4
III 1

Size
Large 2 4
Massive 8 8

GFDI* 2.33 � 0.70 2.14 � 0.25 .69
Preoperative ROMy

FF, � 116 � 40 108 � 47 .69
ER, � 37 � 20 44 � 19 .24
IR, � L1 � 4 T11 � 3 .32

Preoperative clinical score*

ASES 53.5 � 14.1 52.0�14.6 .36
UCLA 16.1 � 2.8 15.1�2.2 .35

AHI, acromiohumeral interval; APR, arthroscopic partial repair;
ASES, American Shoulder and Elbow Surgeons; ER, external rotation;
FF, forward flexion; GFDI, Goutallier fatty degeneration index; IR,
internal rotation behind the back; LHBT, long head of biceps trans-
position; ROM, range of motion; UCLA, the University of California,
Los Angeles.
*ManneWhitney U test.
yData are presented as means � standard deviation.
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an alternative to standard SCR grafts, and several
technical notes of SCR using LHB have been recently
reported.2-4 In this technique, the native LHB attach-
ment on the glenoid side was preserved, and the
proximal part of the LHB was transposed posteriorly
and fixed onto the footprint as the SCR. However, only
a few published reports compared the clinical results of
this technique with those of other techniques.5 The
purposes of this study were to describe a modified
arthroscopic technique of long head of biceps trans-
position (LHBT) for superior capsular augmentation; to
investigate the outcomes and effectiveness of LHBT in
patients with irreparable rotator cuff tears; and to
compare the results with those of arthroscopic partial
repair (APR) after a 2-year minimum follow-up.

Methods

Patient Selection
We retrospectively investigated patients who under-

went arthroscopic repair for irreparable RCTs, including
the intact or repairable subscapularis tendon, between
January 2013 and April 2019. Ethical approval for this
study was obtained from the Gifu University School of
Medicine Institutional Review Board (No. 29-316). The
inclusion criteria of this study were irreparable large-to-
massive RCTs with isolated APR or LHBT combined
with a partial repair and a minimum of 2-year follow-
up postoperatively. Two patients in the APR group
and one in the LHBT group were excluded because
their follow-up was less than 2 years. In general, we
indicated APR or LHBT for operatively irreparable ro-
tator cuff with inability of the tendon to reach the
original footprint after significant releases of the capsule
and subdeltoid synovial tissue to complete the repair.
An isolated partial repair had been performed until
2017 and then LHBT combined with partial repair has
been performed since 2018.
A total of 22 patients (13 men and 9 women) with a

mean age of 69.3 years (range, 58-79 years) underwent
APR or LHBT for irreparable RCTs during the study
period. Ten patients underwent APR, and 12 patients
underwent arthroscopic LHBT combined with partial
repair. The mean follow-up period was 30.7 months
(range, 24-72 months). Details of the patient’s de-
mographics and preoperative clinical data are presented
in Table 1.

Radiographic Evaluation
Standardized anteroposterior radiographs of the

shoulder, which are routine for patients with shoulder
problems, were used for the evaluation of the AHI. The
AHI, the closest distance between the humeral head
and the undersurface of the acromion, was measured
using the preoperative and final postoperative ante-
roposterior radiographs of the patients in standing
position to evaluate superior migration of the humeral
head. Rotator cuff tear-related shoulder arthritis was
evaluated on plain preoperative radiograph using the
Hamada classification.6 All shoulders were assessed by
an experienced shoulder surgeon (H.A.) in a blind
fashion.

Magnetic Resonance Imaging (MRI) Evaluation
MRI was performed with a 1.5-T system (Vantage

Titan 1.5T; Toshiba Medical Systems, Otawara, Japan).
Preoperative fatty degeneration was evaluated for each
muscle using the Goutallier classification on oblique
sagittal T2-weighted MRIs.7 The global fatty degenera-
tion index, which corresponds to the mean value of the
Goutallier stages for the subscapularis (SSC), supra-
spinatus (SSP), and infraspinatus (ISP) muscles, was
calculated for each shoulder.8 Repaired cuff integrity
was evaluated using Sugaya’s classification9 on oblique
coronal T2-weighted MRIs 2 years after surgery, and
type V (the presence of a major discontinuity) was
considered as a retear. Although types IV and V were
commonly considered as retears in most studies, type IV
was not considered as such in this study, because a
minor discontinuity of the repaired superior rotator cuff
often remained after partial repair. Transposed LHB
grafts in the LHBT group also were evaluated on obli-
que coronal T2-weighted MRIs. We used a slice that
showed the attachment of the LHB. Discontinuity of the



Fig 1. Grade of long head of the
biceps (LHB) lesions. Intra-articular
view from the posterior portal in
the right shoulders, with the pa-
tients in the beach-chair position.
The LHB lesions are classified into 4
grades (6 subgrades) and assessed
by arthroscopic findings. LHB is
divided into 4 equal parts, and the
extent of the partial tendon tear,
which is focal fiber rupture, is
assessed. Longitudinal tears are
excluded from the partial tears.
Grade 0: normal; grade Ia: redness,
flattening, fraying, or longitudinal
split; grade Ib: <25% partial tear;
grade Ic: 25% to 50% partial tear;
grade II: >50% partial tear; grade
III: complete tear.
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transposed LHB was defined as graft failure. The MRI
parameters of the T2-weighted oblique coronal scans
were as follows: repetition time 3,500 milliseconds;
echo time 94 milliseconds; field of view 200 mm; and
matrix 512 � 800. For the T2-weighted oblique sagittal
scans, the parameters were: repetition time 4,400 mil-
liseconds; repetition time 94 milliseconds; field of view
200 mm; and matrix 224 � 352.
Surgical Procedure

Diagnostic Arthroscopy
Surgeries were performed by 2 experienced shoulder

surgeons (K.K. and N.T.) with the patient under general
anesthesia and in the beach-chair position with an
interscalene block. The glenohumeral joint, articular side
of the SSP tendon, SSC tendon, and LHB were viewed
through the posterior portal and evaluated. We modified
Lafosse’s grade10 of LHB lesions based on arthroscopic
findings and divided grade I into 3 subtypes. The quality
of the LHB was graded as follows: 0, intact LHB; Ia,
minor lesions with redness, flattening, fraying or longi-
tudinal split of the LHB; Ib, < 25% partial tear; Ic, 25%
to 50% partial tear; and II, >50% partial tear; III, com-
plete tear. Details of the grades are presented in Fig 1.
Mobilization
After diagnostic arthroscopy, subacromial decom-

pression was performed. Both the articular and sub-
acromial sides of the SSP and ISP tendons were
mobilized, and degenerative tendons were debrided.
After significant releases of the capsule, coracohumeral
ligament, and subdeltoid synovial tissue, tear size was
evaluated as the mediolateral width according to the
classification of DeOrio and Cofield11: small, <1 cm;
medium, 1 to 3 cm; large, 3 to 5 cm; and massive, >5
cm. Then, rotator cuffs in which the tendon could not
reach the lateral edge of the normal footprint were
diagnosed as irreparable RCTs, thus indicated for LHBT
combined with partial repair (Fig 2).

Long Head of Biceps Transposition
The transverse humeral ligament was released, and

the LHB was removed from the bicipital groove. A no. 2
nylon suture was used to grasp, control, and check the
mobility of the LHB. By pulling the nylon suture pos-
teriorly, the appropriate position of the LHB shift at the
superior facet of the greater tuberosity was confirmed.
Two anchors with triple-loaded sutures were used for
dual-row fixation. The medial anchor was placed at the
edge of the articular cartilage medial to the highest



Fig 2. Arthroscopic view from the
lateral portal in a right shoulder,
with the patient in the beach-
chair position, showing a massive
rotator cuff with inability of the
supraspinatus and infraspinatus
tendons to reach the original
footprint after routine release of
the capsule and subdeltoid syno-
vial tissue. (D, deep layer of rota-
tor cuff; G, glenoid; HH, humeral
head; LHB, long head of the
biceps; RC, rotator cuff.)
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point of the greater tuberosity (Fig 3A). Two different
sutures of the medial anchor were passed through the
LHB with lasso-loop stitch,12 and the end of another
suture was passed under the LHB using IDEAL Suture
Grasper 60� (DePuy Mitek, Raynham, MA) (Fig 3B).
The lateral anchor was placed 5 to 10mm posterior to
the bicipital groove at the superior facet (Fig 3C), and
the same suture management as the medial anchor was
performed, with the sutures tied using half-hitch knots
for lasso-loop stitch, and another suture tied using a
sliding knot to secure the LHB at 30� of shoulder
abduction and 15� of external rotation (Fig 3D).
Fig 3. Long head of the biceps
(LHB) transposition procedures.
Arthroscopic view from the lateral
portal in the right shoulder, with
the patient in the beach-chair
position. (A) The medial row
anchor is placed at the edge of the
articular cartilage medial to the
highest point of the greater
tuberosity. (B) Suture passage
through the LHB with lasso-loop
stitch (arrow) using a retrograde
suture retriever. (C) The lateral
anchor is inserted 5 to 10mm
posterior to the bicipital groove at
the superior facet. (D) The sutures
are tied and LHB is secured onto
the superior aspect of the greater
tuberosity at 30� of shoulder
abduction and 15� of external
rotation. (G, glenoid; HH, hu-
meral head; LHB, long head of the
biceps; RC, rotator cuff.)
Suprapectoral LHB Tenodesis
After the proximal part of the LHBwas secured in a new

location, suprapectoral LHB tenodesis was performed.
The triple-loaded suture anchor was inserted just prox-
imal to the insertion of the pectoralis major at the bicipital
groove. The sutures were passed through the LHB using a
lasso-loop technique, as previously described. Before
tying the suture, LHB was transected using radio-
frequency distal to the lateral anchor used for LHBT at the
superior facet. Then, the distal part of the tenotomized
LHB was fixed to the proximal humerus by tying the
remaining sutures for suprapectoral biceps tenodesis.



Fig 4. Partial repair of posterior
esuperior rotator cuff. Arthro-
scopic view from the lateral portal
in the right shoulder, with the
patient in the beach-chair posi-
tion. (A) The triple-loaded anchor
for posterior-superior rotator cuff
repair is inserted at the slightly
medialized footprint posterior to
the transposed long head of the
biceps (LHB). (B) Suture passage
through the rotator cuff tendon.
(C) The posterioresuperior
rotator cuff is secured using a
single-row technique. (D) A
microfracture awl is used to
penetrate the subchondral bone
on the footprint immediately
lateral to the fixation points with
suture anchors as a bone marrow-
stimulating technique. (FP, foot-
print; G, glenoid; HH, humeral
head; LHB, long head of the
biceps; RC, posterior-superior
rotator cuff.)
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SSC Tendon Repair
Repair of full-thickness SSC tears was performed us-

ing the single-row or suture-bridge technique13,14 ac-
cording to the tear size.

Partial Repair of Superior Rotator Cuff
After LHBT, down-migration of the humeral head

was often achieved, making it easier to repair the
retracted rotator cuff tendon without excessive tension.
The triple-loaded suture anchor for anterior-superior
rotator cuff repair was placed at a slightly medialized
footprint anterior to the transposed LHB. The sutures
were then passed through the anterior-superior rotator
cuff, and the knot was tied for single-row fixation. An
additional anchor for posterior-superior rotator cuff
repair was inserted at the slightly medialized footprint
posterior to the transposed LHB (Fig 4A). Then, the
posterior-superior rotator cuff was secured in the same
way as the anterior-superior rotator cuff (Fig 4B-C).
Side-to-side suturing between the transposed LHB and
repaired anterior or posterior rotator cuff tendons was
not performed to prevent undue tension on the graft.
Finally, microfracture as a bone marrowestimulating
technique15 was performed on the footprint immedi-
ately lateral to the fixation points with suture anchors
to enhance tendon-to-bone healing (Fig 4D).
Postoperative Rehabilitation
Shoulders were immobilized using an abduction sling

for 5 weeks after surgery. Isometric rotator cuff and
relaxation exercises of the shoulder girdle muscles were
initiated immediately after surgery. Passive and active-
assisted range of motion (ROM) exercises were initi-
ated after sling removal, and active ROM and muscle
strengthening exercises were initiated 6 weeks after
surgery. Light physical activity or exercise was allowed
3 months after surgery, and heavy labor or sports ac-
tivities were allowed 6 months after surgery, according
to each patient’s functional recovery.

Patient Assessment
Each patient’s active ROM (forward flexion, external

rotation at the side, and internal rotation behind the
back) was pre- and postoperatively measured with a
goniometer by one of our experienced shoulder sur-
geons (K.K. or N.T.). Shoulder function was also
assessed using the American Shoulder and Elbow Sur-
geons (ASES) and the University of California, Los
Angeles (UCLA) shoulder rating scales. Clinical
outcome measures were evaluated preoperatively and
postoperatively at the final follow-up. Complications
and reoperations were reviewed from the medical
records.



Table 2. Comparison of Preoperative and Postoperative Data
in Each Group

Pre Final P Value*

APR group
ROM
FF, � 116 � 40 134 � 44 .23
ER, � 37 � 20 40 � 17 .50
IR, � L1 � 4 T11 � 2 .28

Clinical score
ASES 53.5 � 14.1 83.4 � 10.1 .006
UCLA 16.1 � 2.8 29.8 � 4.7 .006
AHI, mm 7.7 � 2.8 5.8 � 1.9 .08

LHBT group
ROM
FF, � 108 � 47 160 � 13 .01
ER, � 44 � 19 40 � 19 .59
IR, � T11 � 3 T10 � 2 .09

Clinical score
ASES 52.0 � 14.6 89.3 � 10.4 .002
UCLA 15.1 � 2.2 32.5 � 2.6 .002
AHI, mm 6.8 � 1.8 7.5 � 2.0 .29

NOTE. Data are presented as means � standard deviation.
AHI, acromiohumeral interval; APR, arthroscopic partial repair;

ASES, American Shoulder and Elbow Surgeons; ER, external rotation;
FF, forward flexion; IR, internal rotation behind the back; LHBT, long
head of biceps transposition; ROM, range of motion; UCLA, the
University of California. Los Angeles.
*Wilcoxon signed rank test.

Table 3. Comparison of the Final Outcomes Between the 2
Groups

APR LHBT P Value

ROM*

FF, � 134 � 44 160 � 13 .20y

ER, � 40 � 17 40 � 19 .81y

IR, � T11 � 2 T10 � 2 .42y

Clinical score*

ASES 83.4 � 10.1 89.3 � 10.4 .21y

UCLA 29.8 � 4.7 32.5 � 2.6 .19y

AHI, mm* 5.8 � 1.9 7.5 � 2.0 .032y

Retear rate, n (%) 8/10 (80) 5/12 (42) .099z

AHI, acromiohumeral interval; APR, arthroscopic partial repair;
ASES, American Shoulder and Elbow Surgeons; ER, external rotation;
FF, forward flexion; IR, internal rotation behind the back; LHBT, long
head of biceps transposition; ROM, range of motion; UCLA, the
University of California, Los Angeles.
*Data are presented as means � standard deviation.
yManneWhitney U test.
zFisher exact test.
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Statistical Analysis
Statistical differences between the 2 groups were

analyzed using the ManneWhitney U test. The Fisher
exact test was used to compare retear rates. Preopera-
tive and postoperative clinical scores were compared
using the Wilcoxon signed-rank test. All analyses were
performed using GraphPad Prism 8.0 software
(GraphPad Software, Inc., San Diego, CA), and P values
<.05 were considered statistically significant.

Results

Acromiohumeral Interval
In the APR group, the AHI measured on ante-

roposterior shoulder radiographs decreased from 7.7 �
2.8 mm before surgery to 5.8 � 1.9 mm at final follow-
up without statistical significance (P ¼ .08). In the LHB
group, the AHI increased from 6.8 � 1.8 mm before
surgery to 7.5 � 2.0 mm at final follow-up without
statistical significance (P ¼ .29) (Table 2). However, the
intergroup difference in AHI at the final follow-up point
showed statistical significance (P ¼ .032) (Table 3),
indicating that the LHBT group maintained a post-
operative AHI better than the APR group.

Repaired Cuff Integrity
The retear rates based on MRI 2 years after surgery

were 80% in the APR group and 42% in the LHBT
group. The LHBT group showed better outcomes in
terms of the retear rates; however, the difference was
not statistically significant (odds ratio, 0.18; P ¼ .099)
(Table 3). In the LHBT group, graft failure was observed
in 5 patients (42%). All 5 patients with graft failure
showed retear of the rotator cuff repair on post-
operative MRI, whereas all 7 patients without graft
failure did not have retear. Patients with <25% partial
tears of LHB (grades 0 to Ib in our classification) had
neither graft failure nor retear.

Clinical Outcomes
In the APR group, no statistically significant changes

were observed in shoulder forward flexion (from
116� � 40� to 134� � 44�, P ¼ .23), external rotation at
the side (from 37� � 20� to 40� � 17�, P ¼ .50), and
internal rotation behind the back (from L1 � 4 to T11 �
2, P ¼ 0.28).
In the LHB group, shoulder forward flexion improved

significantly (from 108� � 47� to 160� � 13�, P ¼ .013);
however, no statistically significant changes were
observed in external rotation at the side (from 44� �
19� to 40� � 19�, P ¼ 0.59) and internal rotation behind
the back (from T11 � 3 to T10 � 2, P ¼ .085) (Table 2).
Postoperative forward flexion was greater in the LHBT

group, although it did not reach statistical significance
(P ¼ .20) (Table 3). In the APR group, the mean ASES
score significantly improved from 53.5 � 14.1 points
(range, 16-68 points) to 83.4 � 10.1 points (range,
68-100 points; P ¼ .006), and the mean UCLA score also
improved from 16.1 � 2.8 points (range, 12-22 points)
to 29.8 � 4.7 points (range, 21-35 points; P ¼ .006). In
the LHBT group, the mean ASES score significantly
improved from 52.0 � 14.6 points (range, 19-80 points)
to 89.3 � 10.4 points (range, 73-100 points; P ¼ .002),
and the mean UCLA score also improved from 15.1 �
2.2 points (range, 13-21 points) to 32.5 � 2.6 points
(range, 26-35; P ¼ .002) (Table 2). Both the ASES scores
(P ¼ .21) and UCLA scores (P ¼ .19) at the final



Table 4. Number of Patients Meeting the Threshold for
Minimal Clinically Important Difference, Substantial Clinical
Benefit, and Patient Acceptable Symptomatic State16 for Each
Procedure

Threshold16 APR Group (n ¼ 10) LHBT Group (n ¼ 12)

ASES score
MCID (21.0) 8/10 10/12
SCB (26.0) 7/10 9/12
PASS (78.0) 7/10 10/12

UCLA score
MCID (6.0) 9/10 12/12
SCB (8.0) 8/10 9/12
PASS (23.0) 9/10 12/12

ASES, American Shoulder and Elbow Surgeons; LHBT, long head of
biceps transposition; MCID, minimal clinically important difference;
PASS, patient acceptable symptomatic state; SCB, substantial clinical
benefit; UCLA, the University of California, Los Angeles.

Fig 5. Postoperative T2-weighted oblique coronal magnetic
resonance image of right shoulder in the 70-year-old male
patient 2 years after arthroscopic long head of the biceps
(LHB) transposition. The transposed LHB (arrow) remains
attached at the superior facet. The repaired superior rotator
cuff (arrowhead) covers the transposed LHB.
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follow-up were better in the LHBT group than in the
APR group; however, the intergroup differences were
not statistically significant (Table 3).
One patient in the APR group required reverse

shoulder arthroplasty 3 years postoperatively, because
of loss of shoulder function and persistent pain. In
contrast, one patient in the LHBT group required
reoperation because of graft failure with early suture
anchor pullout. Neither infection nor abnormal in-
flammatory reactions were observed in any of the pa-
tients postoperatively.
In terms of clinically meaningful outcomes, number

of patients meeting the threshold for minimal clinically
important difference, substantial clinical benefit, and
patient acceptable symptomatic state16 for each pro-
cedure is listed in Table 4.

Discussion
Our LHBT technique demonstrated good functional

and radiologic outcomes after a 2-year minimum
follow-up. Postoperative functional scores significantly
improved compared with the preoperative scores. The
LHBT group maintained the AHI better than the APR
group at the final follow-up. Thus, arthroscopic LHBT
for superior capsular augmentation could be an option
for surgical treatment of irreparable RCTs.
Previous studies have described various LHB

augmentation techniques and good clinical results for
massive RCTs.17-20 In some studies, LHB was used as a
free graft to augment rotator cuff repairs for massive
RCTs.19,21-23 Sano et al.19 reported that the LHB tendon
patch grafting method provided significant improve-
ment in both the active elevation angle and the Japa-
nese Orthopaedic Association score. In other studies,
LHB tenotomy was performed at the insertion site of
the tendon at the border of the glenoid, and the teno-
tomized LHB was attached to the greater tuberosity in
the rotator cuff footprint.20,24-26 Cho et al.20 reported
that the arthroscopic augmentation technique using a
tenotomized biceps tendon was effective in achieving
fewer structural failures and equivalent Constant and
UCLA scores in comparison with the traditional
arthroscopic repair techniques.
Recently, SCR using a TFL autograft has been intro-

duced as an effective procedure for retaining the static
stability of the shoulder joint and preventing progres-
sion to cuff tear arthropathy (CTA). Several studies
have indicated an increased AHI postoperatively and
clinical improvement in patients with irreparable
massive RCTs after rotator cuff repair with SCR using a
TFL autograft.27,28 Along with the popularization of
SCR, there have been several technical reports of SCR
using proximal LHB, in which the native LHB attach-
ment on the glenoid side was preserved and the LHB
was shifted to its new location on the greater tuberos-
ity.2-4,29-31 Although the LHB was not as wide as the
TFL, it was observed that the transposed LHB could
potentially serve as the superior capsule. This technique
was called “biological SCR,”2 “partial SCR,”3 or
“modified SCR as reinforcement.”4 There have been
several biomechanical studies on SCR using LHB.32,33

Using a cadaveric rotator cuff tear model, Han et al.32

found that shoulders in which the biceps were used
for SCR showed decreased subacromial peak contact
pressures and shifted the humeral head inferiorly. In
addition, El-Shaar et al.33 described that SCR using the
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LHB was biomechanically equivalent to using a TFL
autograft by analyzing matched cadaveric shoulders.
These biomechanical studies showed that SCR using the
LHB appeared to provide an effective downward force
to the humeral head, increasing postoperative AHI. A
decrease in AHI was associated with re-tear of RCTs and
increased risk of CTA in other studies.34,35 In the past,
we were not satisfied with a decreased postoperative
AHI with the conventional APR method. The patients
after APR occasionally had persistent pain with sub-
acromial impingement. We found that it was important
to increase AHI to prevent retear and CTA. Thus, we
have switched surgical techniques and added LHBT for
superior capsular augmentation since 2018.In this
article, we describe our modified surgical techniques
that use LHB for superior capsular augmentation in
patients with irreparable RCTs. The LHBT technique
has several advantages. First, this technique potentially
appears to provide an effective downward force to the
humeral head, reducing superior head migration and
making it easier to repair the retracted rotator cuff
tendon without excessive tension. Partial repair of the
rotator cuff with static ligamentous support for superior
capsular augmentation may help maintain a congruent
glenohumeral joint. Second, the blood supply to the
proximal part of the LHB, mainly coming from the
anterodorsal surface of the tendon,36 may be main-
tained, compared with that of the free autograft,
because the native LHB attachment on the glenoid side
is preserved. Thus, this technique may enhance the
healing potential of rotator cuff repair and reduce re-
tear rates. Third, donor-site morbidity associated with
TFL autografts is avoided. LHB tenodesis is one of the
surgical methods used to address LHB lesions, which
are commonly associated with RCTs. In the LHBT
procedure, tenotomized proximal LHB can be used
more effectively as a local autograft for superior
capsular augmentation without the need for additional
graft harvesting. Lastly, this technique is much less
technically demanding, and the operation time may be
reduced compared with SCR using a TFL autograft.
However, the LHBT technique has several disadvan-

tages. First, this technique may cause side effects such
as pain related to loading of the LHB, including a SLAP
lesion, which has not been previously reported. In our
case, all patients in the LHBT group had type 1 SLAP
lesions according to diagnostic arthroscopy, and there
were no complaints postoperatively associated with the
SLAP lesions. Further research is needed to determine
whether these side effects may occur. Second, this
technique cannot be used for completely torn or
severely damaged LHB. Previous studies have described
that their technique could not be used in patients with
more than 20% to 30% partial tear of the biceps
tendon.3,4 However, we were unable to find the basis of
these reports, and it remained unclear how much
damage to LHB was acceptable. Thus, it is important to
establish indication criteria for LHBT. Lafosse et al.10

created an arthroscopic grade of LHB lesions, which
was classified as normal (grade 0), having a minor
lesion (grade I), or having a major lesion (grade II). We
further classified grade I into 3 subtypes to determine
the indications for LHBT. In this retrospective study,
graft failure was observed in 5 patients (42%) with LHB
lesions grades Ic to II. Unfortunately, all 5 patients
showed retear of the rotator cuff repair on post-
operative MRI. In contrast, transposed LHB with grade
0 to Ib lesions in 7 patients (58%) was well fixed at
postoperative follow-up after 2 years (Fig 5). Moreover,
retear of the rotator cuff was not observed in any of the
7 patients. These results suggest that preventing graft
failure is key to achieving better clinical outcomes. The
procedure can be an option for irreparable RCTs as long
as the LHB is not severely damaged. Therefore, we
recommend that LHBT should be used in patients with
<25% partial tears of LHB (grades 0 to Ib in our clas-
sification). If the LHB is partially torn by more than
25% (grades Ic and II) or completely torn (grade III
lesion), another treatment option should be considered.
Additional research is needed to validate these findings.
To avoid graft failure and improve clinical results after

arthroscopic LHBT, it is important to prevent overload of
the transposed LHB. Thus, unlike that described in pre-
vious technical notes, side-to-side suturing between the
transposed LHB and repaired anterior or posterior rota-
tor cuff tendon was not performed.29,37,38 Furthermore,
it is necessary to evaluate the proper shoulder position
for LHB fixation to avoid undue tension.

Limitations
This study has several limitations. First, this was a

retrospective study with a mid-term follow-up,
different lengths of the follow-ups, and it lacked mul-
tiple follow-up time points. In addition, the number of
patients was small; a study with a larger number of
patients is required to better appreciate the differences
between groups. Second, we compared the results with
only partial repair and not with other augmentation
techniques such as SCR using a TFL or allograft.
Another limitation is that, in the case of a severely torn
LHB, alternative techniques, including SCR using a TFL
or allograft, are indicated.

Conclusions
Arthroscopic LHBT for irreparable rotator cuff tears

showed comparable clinical outcomes and improve-
ment in postoperative AHI compared with APR after a
minimum 2-year follow-up.
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