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Augmentation of Massive Rotator Cuff Repairs Using
Biceps Transposition Without Tenotomy Improves

Clinical and Patient-Reported Outcomes: The
Biological Superior Capsular Reconstruction

Technique

Samuel Gray McClatchy, M.D., Douglas E. Parsell, Ph.D., Edward Rhettson Hobgood, M.D.,

and Larry D. Field, M.D.
Purpose: To evaluate the outcomes of a consecutive series of patients after transposition of the biceps without
tenotomy (biological superior capsular reconstruction [bio-SCR] technique) to augment massive rotator cuff repairs.
Methods: Thirty massive rotator cuff tears repaired and augmented using the bio-SCR technique between June 2018
and July 2021 were identified and retrospectively reviewed. American Shoulder and Elbow Surgeons (ASES) scores,
visual analog scale pain scores, supraspinatus and infraspinatus strength, and range of motion were collected preop-
eratively and postoperatively. Results: The average age of patients undergoing bio-SCR augmentation was 67.0 years
(range, 28.4-81.9 years), and the mean clinical follow-up period was 2.9 years (range, 1.8-4.5 years). The average
ASES score improved from 33.2 preoperatively to 80.8 at 6 months postoperatively, 92.0 at 1 year, and 87.0 at 2 years
(P < .001). The minimal clinically important difference for the ASES score was exceeded at all postoperative
intervals. Active forward flexion improved from 120.6� to 156.8� (P < .001). The pain score improved from 7.1 to 0.9
(P < .001). Postoperatively, 1 complication (3.3%) occurred: a proximal biceps rupture. Conclusions: Incorporating a
transposed biceps tendon into the repair of a massive rotator cuff tear using the bio-SCR technique resulted in
significant clinical improvements with a low complication rate. Level of Evidence: Level IV, case series.
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assive rotator cuff tears are challenging to muscle atrophy. Even when complete or partial repair
Mmanage. Operative repair of these tears can be
difficult because of tendon retraction, inelasticity, bursal
scarring, and atrophy of the rotator cuff.1-3 Some
chronic massive rotator cuff tears are not completely
repairable owing to tendon retraction and rotator cuff
ter, Jackson, Mis-

terest or sources of
side the submitted
this article online,

pi Sports Medicine
MS 39202, U.S.A.

of the Arthroscopy
under the CC BY-
d/4.0/).

hroscopic and Related S
is possible, poor tissue quality and/or increased repair
tension may lead to failure and poor outcomes.2

Several procedures have been proposed to surgically
manage massive rotator cuff tendon tears, including
partial repair, patch augmentation, tendon transfer,
superior capsular reconstruction (SCR), reverse total
shoulder arthroplasty, and subacromial balloon spacer
placement.1-3 However, no consensus has been reached
on how to best treat such tears. A surgical technique
coined the biological superior capsular reconstruction
(bio-SCR) technique was recently published.4 This
technique uses the biceps tendon to augment partial or
complete massive rotator cuff repairs and is carried out
by posteriorly transposing and securing the intact long
head of the biceps tendon (LHBT) from the bicipital
groove to the greater tuberosity. The transposed biceps
is then used to augment the rotator cuff tissue and
superior capsule. The biceps is otherwise left intact, and
a tenotomy is not carried out.
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The purpose of this case series was to evaluate the
outcomes of a consecutive series of patients after
transposition of the biceps without tenotomy (bio-SCR
technique) to augment massive rotator cuff repairs. We
hypothesized that the outcomes after biceps augmen-
tation would show significant clinical improvement and
yield no complications related to biceps transposition.

Methods
All bio-SCR procedures performed by a single surgeon

(L.D.F.) from June 2018 to July 2021 were identified. A
retrospective chart review was performed under insti-
tutional review board approval. The inclusion criteria
included all patients who underwent the bio-SCR pro-
cedure for massive rotator cuff tears. The only exclusion
criterion maintained throughout the study period was
reserved for patients with massive rotator cuff tears in
which the presence of intact anterior cable tissue was
confirmed at the time of arthroscopic assessment. In
such instances, we did not believe that releasing the
anterior cable from its attachment at the greater tu-
berosity to accommodate placing the transposed biceps
underneath the rotator cuff was advisable. Because we
always left the anterior cable connected in these pa-
tients, biceps transposition using the bio-SCR technique
would have necessitated that the biceps be positioned
superior to the anterior rotator cuff cable, and this was
not carried out in any patient presented in our case
series.
In all patients in this consecutive series, arthroscopic

rotator cuff repair was indicated based on history,
physical examination findings, magnetic resonance
imaging findings, and failure of nonoperative man-
agement to yield adequate improvement. Patients were
not otherwise excluded based solely on radiographic
evidence of some degree of either superior humeral
head migration or glenohumeral osteoarthritis if we
believed they had a high likelihood of benefitting from
arthroscopic rotator cuff repair. In addition, although
patients requiring revision arthroscopic rotator cuff
repair were not specifically excluded as potential can-
didates for the bio-SCR procedure, none of the patients
in this consecutive series had undergone prior shoulder
surgery. Moreover, when we made the intraoperative
decision to perform the bio-SCR procedure, the quality
and quantity of the available biceps were not consid-
ered. We believed that, regardless of the quantity and
quality of biceps tissue, incorporation of this biceps
tissue was potentially valuable in improving the repair
construct, and thus, we transposed the biceps in all
cases regardless of the condition of the biceps tendon.
The final decision on when to use the bio-SCR tech-
nique was made intraoperatively after assessment of
rotator cuff repairability and tissue quality. Because the
bio-SCR technique was a newly described procedure,
we used it sparingly and with discretion during the
study period. This technique was generally reserved for
the most challenging of our massive rotator cuff repair
cases. A review to determine the total number of
massive rotator cuff tears repaired by the senior author
during the study period was carried out to estimate the
percentage of patients who underwent bio-SCR
augmentation during this period, but only patients
who underwent the bio-SCR technique were included
for detailed analysis.
Operative reports, preoperative and postoperative

clinical assessment findings, intraoperative arthroscopic
photographs, and shoulder radiographs were reviewed.
Patient demographic characteristics including sex, age,
and handedness were identified and recorded. Preop-
erative anteroposterior radiographs were used to eval-
uate for superior humeral head migration using the
Hamada classification and acromiohumeral interval
measurements.5 Operative reports were reviewed for
type of repair (partial vs complete), residual rotator cuff
defect area (measured in square centimeters) that
persisted if a partial repair was performed, additional
concomitant procedures carried out, and any intra-
operative complications that occurred.

Clinical Assessment
The American Shoulder and Elbow Surgeons (ASES)

shoulder score6,7 and visual analog scale (VAS) pain
score were collected from all patients preoperatively
and at the 6-month, 1-year, and latest follow-up visits.
Range of motion, external rotation strength, and
supraspinatus strength were documented preopera-
tively and compared with repeated measurements at
the last clinical evaluation. All clinical assessments were
conducted by the senior author.

Operative Technique
The surgical procedure was carried out as previously

described byAdrian and Field.4 After induction of general
anesthesia, range of motion and stability of the operative
shoulder were evaluated and recorded. The patient was
positioned in the beach-chair position, and the operative
extremitywas prepared anddraped in standard fashion.A
posterior glenohumeral joint portalwas created, and a30�

arthroscope was inserted. Under direct visualization, an
anterior glenohumeral joint portal was created. Diag-
nostic arthroscopy of the glenohumeral joint was per-
formed, and the presence of the LHBT was confirmed.
After any intra-articular pathology was identified and
addressed, the arthroscope was reinserted into the sub-
acromial space through the same posterior portal, and a
lateral subacromial portal was created. A subacromial
bursectomy was performed, and an acromioplasty and
distal clavicle excision were completed if indicated.
The rotator cuff tendon tear size and pattern were

assessed and measured in each patient (Fig 1). A rotator
cuff tear was classified as massive if it had a width



Fig 1. Arthroscopic photograph, as viewed from lateral portal,
showing massive, retracted rotator cuff tear with intact long
head of biceps tendon (BT) in left shoulder with patient in
beach-chair position. (HH, humeral head; IS, infraspinatus;
SS, supraspinatus.)
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greater than 5 cm, involved 2 or more tendons, and had
an area of 30 cm2 or greater.8-11 Cuff tear area was
measured before and after repair. Measurements were
obtained arthroscopically with a calibrated probe
oriented anterior-posterior and medial-lateral to the
tear.12 Release of the capsule and adhesions was then
performed as necessary to improve lateral mobility of
the rotator cuff tissue, and the greater tuberosity was
debrided of soft tissue and lightly abraded. By use of an
arthroscopic soft-tissue grasper, evaluation of the
quality and repairability of the rotator cuff tissue was
accomplished by lateralizing the rotator cuff tendon to
the greater tuberosity. On the basis of this assessment,
the surgeon made an intraoperative decision on
whether to transpose the biceps tendon to augment the
rotator cuff repair construct. When the decision to
transpose the biceps was made, the surgeon then per-
formed the bio-SCR technique regardless of biceps
tendon size or quality.
In all patients in this study, the biceps tendon was

mobilized thoroughly via a complete release of the
transverse humeral ligament with an arthroscopic
shaver (Dyonics Incisor Plus Platinum, 4.5 mm; Smith
& Nephew, Memphis, TN). A soft-tissue grasper was
then used to transpose the biceps tendon from its po-
sition within the bicipital groove to a new location at
the central aspect of the greater tuberosity. When only
a partial repair was possible, we positioned the biceps
tendon into the area on the tuberosity that could not be
completely covered with rotator cuff tissue. After the
biceps tendon was stabilized in its transposed position
on the greater tuberosity by use of 1 suture from a
triple-loaded anchor, the rotator cuff tissue was also
secured to the greater tuberosity by using the addi-
tional suture anchor sutures from the same anchor, as
well as by using additional suture anchors as needed. It
is important to note that sutures were also used to
approximate the rotator cuff tissue directly to the
repositioned biceps tendon. The transposed, physio-
logically tensioned biceps serves as a valuable conver-
gence post in this role by providing additional stability
to the repair construct and by aiding in offloading
repair tension of the rotator cuff tissue (Fig 2). Triple-
loaded suture anchors (Healicoil Reginasorb, 5.5 mm;
Smith & Nephew) were used in all patients in the
study, and suture anchor sutures were retrieved
through the rotator cuff and biceps tissue with a
retrograde suture retriever (IDEAL Suture Grasper;
DePuy Mitek, Raynham, MA). Any residual rotator cuff
defects that persisted after rotator cuff repair and biceps
transposition were measured arthroscopically using a
calibrated probe (Elite Calibrated Probe; Smith &
Nephew) and recorded. In patients in whom residual
tissue gaps exposed the greater tuberosity surface after
rotator cuff repair, the repair was considered a partial
repair.

Postoperative Rehabilitation
All surgical procedures were performed on an

outpatient basis. Postoperatively, patients were immo-
bilized in a shoulder abduction sling (DonJoy Ultrasling;
DJO, Lewisville, TX). Formal physical therapy was
initiated at 4 weeks postoperatively and was limited to
passive and active-assisted range-of-motion exercises
for 2 to 4 weeks. Next, limited strengthening exercises
were initiated between 6 and 8 weeks after surgery,
with the timing of the introduction of gentle strength-
ening based on intraoperative assessment of rotator cuff
repair security and tissue quality. Strengthening exer-
cises were initiated under low load conditions with
minimal biceps recruitment and then progressively
increased over 4 to 8 additional weeks under physical
therapist oversight. All study patients were allowed to
use the operative shoulder without restriction after 3 to
4 months postoperatively. For higher-level athletes or
heavy manual laborers, additional recovery time was
allocated on a case-by-case basis.

Statistical Analysis
Paired t tests were used to compare preoperative and

postoperative outcomes in all patients. Statistical anal-
ysis software (Excel Analysis ToolPak; Microsoft, Red-
mond, WA) was used to calculate the mean, standard
deviation, and level of significance for all outcome
measures. P < .05 was considered statistically signifi-
cant. The primary study measures were ASES score,
VAS pain score, range of motion, and supraspinatus
and infraspinatus strength. The secondary study mea-
sure was the rate of procedural complications.



Fig 2. (A) Arthroscopic photograph, as viewed from lateral portal, showing transposition of long head of biceps tendon (BT) with
sutures passed through rotator cuff tendon in rip-stop configuration in left shoulder with patient in beach-chair position. (B)
Completed repair of massive rotator cuff tendon tear with transposition of biceps tendon (BT) in same patient. (HH, humeral
head; IS, infraspinatus; SS, supraspinatus.)
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Results

Patients
Thirty consecutive massive rotator cuff repairs in

which we carried out the bio-SCR transposition tech-
nique were retrospectively evaluated. No bio-SCR cases
were excluded from this study. There were 16 male and
14 female patients included. The average age of the
patients was 67 years (range, 28-83 years), and the
mean period of clinical follow-up was 34 months
Table 1. Patient Demographic Characteristics and Outcomes

Data P Value

Shoulders, n 30
Mean age (range), yr 67.0 (28.4-81.9)
Male/female, n 16/14
Mean follow-up (range), mo 34 (22-54)
AHI, mean � SD, mm 5.32 � 1.83
Hamada classification, n

Stage 1 9
Stage 2 10
Stage 3 6
Stage 4a 3

ASES score, mean� SD (95%CI)
Preoperative 33.2 � 0.8 (27.8-39.0)
2-yr follow-up 87.0 � 3.7 (83.3-90.7) <.001

VAS score, mean� SD (95% CI)
Preoperative 7.1 � 0.2 (6.2-8.1)
2-yr follow-up 0.9 � 0.2 (0-1.6) <.001

Forward flexion, mean � SD
(95% CI), �

Preoperative 122.4 � 5.0 (112.5-132.3)
Final 156.8 � 11.2 (145.5-168.0) <.001

AHI, acromiohumeral interval; ASES, American Shoulder and
Elbow Surgeons; CI, confidence interval; SD, standard deviation; VAS,
visual analog scale.
(range, 22-54 months). The patient-reported onset of
symptoms averaged 1.34 years prior to initial evalua-
tion (range, 1 week to 10 years). There were 17 right
and 13 left shoulders, with the dominant arm involved
in 15 cases. According to the Hamada classification of
rotator cuff arthropathy,5 9 patients had Hamada stage
1, 10 patients had stage 2, 6 patients had stage 3, and 3
patients had stage 4a. The average preoperative acro-
miohumeral interval was 5.32 � 1.83 mm. Patient de-
mographic characteristics and outcomes are listed in
Table 1. All patients in this study were classified as
having massive rotator cuff tears by satisfying the 3
aforementioned criteria (tear width > 5 cm, involve-
ment of � 2 tendons, and area � 30 cm2), as described
by Iagulli et al.8 Of the 30 bio-SCR repairs, 12 involved
3-tendon tears. The remaining 18 repairs involved
massive supraspinatus-infraspinatus tears. The massive
rotator cuff tears in the 30 patients in this consecutive
series were completely repairable in 13 and partially
repairable in 17. The mean preoperative defect
measured 38.1 cm2 (range, 30-48 cm2), and the mean
residual defect, in partial repair cases, measured 5.9 cm2

(range, 1-12 cm2). The average number of triple-loaded
suture anchors implanted during repair was 1.53
(range, 1-2). An acromioplasty was performed in 17
shoulders. The final decision to perform an acromio-
plasty was made intraoperatively in these massive ro-
tator cuff tear patients and was based on acromial
morphology and intraoperative evaluation of rotator
cuff repairability. The decision not to carry out an
acromioplasty was sometimes made when only a partial
rotator cuff repair was possible or when intraoperative
assessment of the quality of the rotator cuff tissue or
security of the partial repair was deemed especially
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concerning to us. Distal clavicle resection was carried
out in 17 patients and was based on preoperative
symptoms and the observation of acromioclavicular
joint tenderness on palpation.
A total of 1,658 rotator cuff repairs were carried out

by the senior author during the study period. A previ-
ous and more detailed review of the senior author’s
rotator cuff repairs during a similar period revealed that
massive tears (>30 cm2) were present in 18.4% of cases
(unpublished internal analysis, D.E.P.). Thus, approxi-
mately 305 massive repairs were carried out during the
study period. If one assumes that the biceps was intact
in approximately two-thirds of these massive tears
undergoing repair during the same study period
(approximately 200 massive tears), then only about
15% of these massive tears with the biceps present had
the bio-SCR augmentation procedure performed during
the study period.

Clinical Assessment
No patients were lost to follow-up. The average ASES

score of 33.2 (range, 0-56.6) preoperatively improved
to 80.8 (range, 76.6-94.9) at the 6-month follow-up
evaluation, 92.0 (range, 85.0-100) at 1 year, and 87.0
(range, 63.3-100) at 2 years (Fig 3). Average active
forward flexion improved from 122.4� (range, 60�-
170�) preoperatively to 156.8� (range, 120�-170�) at
latest follow-up (P < .001). The average increase in
forward flexion from preoperatively to the latest
follow-up visit was 34.4�. The range of active forward
flexion improvement was 0� to þ100�. The average
VAS pain score (on a scale of 0-10) improved from 7.1
preoperatively to 1.4 at 6 months postoperatively, 0.6 at
1 year, and 0.9 at 2 years. The average preoperative
supraspinatus strength grade (on a scale of 1-5) was 3.4,
and the postoperative strength grade improved to 4.2
(P ¼ .003). The average preoperative external rotation
strength grade (on a scale of 1-5) was 3.4, and the
Fig 3. Patient-reported American Shoulder
and Elbow Surgeons (ASES) survey out-
comes from preoperatively (Pre-Op) to 2-
year follow-up in study cohort undergoing
biological superior capsular reconstruction
(bio-SCR) repair.
postoperative rotation strength grade improved to 4.6
(P < .001) at latest follow-up.
As published by Cvetanovich et al.,13 the minimal

clinically important difference for the ASES score was
defined as a change of 11.1 and substantial clinical
benefit for the ASES score was defined as a change of
17.5. Substantial clinical benefit for the ASES score was
exceeded by all study patients at 2 years postoperatively
(range of gains in ASES score, 31.7-81.7). Student t test
analysis of ASES scores showed significant differences
(P < .01) for all postoperative time intervals when
compared with preoperative measures.

Complications
Among the 30 patients in this study, 1 (3.3%) had a

postoperative complication. A 54-year-old male laborer
sustained a postoperative rupture of the LHBT that was
identified by the physical therapist based on clinically
apparent biceps asymmetry at 6 weeks postoperatively.
This patient returned for clinical evaluation, and after
examination and discussion of management options, he
elected to undergo revision open subpectoral biceps
tenodesis. This revision surgical procedure gave us the
opportunity to additionally perform a concurrent
arthroscopic assessment of the shoulder. The biceps
rupture was noted arthroscopically to have occurred
immediately distal to the rotator cuff repair site on the
greater tuberosity. The biceps tendon more proximal to
the rupture location was seen to be incorporated
into the otherwise healing rotator cuff tissue. There
were no other complications, and no additional patients
underwent subsequent surgical intervention.

Discussion
The results of this case series support the hypothesis

that the bio-SCR technique, when feasible and indi-
cated, is a safe and effective repair construct for cases in
which such autograft tissue augmentation is carried
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out. Complete repair of massive rotator cuff tears is not
always possible. Even when complete repair can be
accomplished, poor tissue quality can predispose to
repair failure. To reduce the rate of repair failure,
various structural and biological augmentations have
been described.14-19 However, these supplemental
implants and additional techniques often increase the
cost and complexity of the repair.
Because of its anatomical location, the LHBT has

garnered interest as a graft source for a variety of
shoulder procedures, including anterior shoulder
instability reconstruction and SCR, and as a biological
patch for rotator cuff repairs.14,20-23 Alternatively,
tenotomy or tenodesis of the LHBT is frequently per-
formed at the time of rotator cuff repair as a definitive
treatment.24 Although several reports have described
techniques using the LHBT to augment rotator cuff
repairs, these techniques differ from our bio-SCR pro-
cedure because the LHBT is almost always released
from its origin at the superior glenoid or distal to the
rotator cuff repair site.23,25-27

All biceps tissue is preserved for the bio-SCR tech-
nique. The biceps is mobilized from the bicipital groove,
but it does not undergo tenotomy at any location along
its course. Our intraoperative decision-making process
regarding when to use the bio-SCR augmentation
technique was based primarily on our intraoperative
perception of rotator cuff tear repairability and tissue
quality. The bio-SCR technique was used sparingly and
with discretion during the study period. Because it was
a newly described technique, we generally reserved
bio-SCR augmentation for the most challenging
massive rotator repair cases, as evidenced, in part, by
the fact that more than half of the cases in this series
were only partially repairable. Of the approximately
300 massive rotator cuff repairs performed during the
study period, only approximately 15% underwent
the bio-SCR augmentation technique. On the basis of
the results of this retrospective study, however, we do
currently apply the bio-SCR augmentation technique
more liberally in the repair of massive rotator cuff tears.
We believe that transposition of the LHBT without

tenotomy offers significant potential benefits. Leaving
the LHBT intact after transposition allows the biceps
muscle-tendon unit to theoretically provide a dynamic
humeral head depressor force given that some degree
of biceps long head contraction is present when the
rotator cuff muscles are activated. Likewise, we believe
that this transposed position of the biceps as it traverses
over the superior humeral head in a more central
location, combined with the slightly longer course that
the biceps travels in the transposed position, could
potentially provide a static humeral head depressive
effect, as well as a stabilizing effect. However, whether
the transposed biceps actively or statically depresses the
humeral head in these patients or stabilizes the humeral
head in some other fashion is beyond the scope of this
retrospective clinical study.
Some authors have hypothesized that the LHBT may

contribute as a stabilizer against proximal humeral head
migration.28-32 Kido et al.33 showed that in rotator
cuffedeficient patients, there was significantly greater
proximal humeral head migration with a nonfunc-
tioning biceps but that humeral head depression was
noted when the biceps was functioning. Maintaining
the LHBT attachments may allow the biceps muscle to
provide a depressive force to actively resist proximal
humeral head migration. Additionally, a recent
biomechanical study in a rabbit model showed that the
biceps tendon was progressively remodeled after
transposition, that the biceps healed in the newly
transposed position, and that the biomechanical
strength of the superior capsule after biceps trans-
position exceeded the strength of the native superior
capsule.34

SCR is one procedure often used when complete ro-
tator cuff repair cannot be achieved. SCR provides a
passive restraint to superior translation of the humeral
head and attempts to restore the rotator cuff force
couple.35 SCR was first performed using autologous
fascia lata as a graft source. However, owing to donor-
site morbidity and increased operative time, human
dermal extracellular matrix allograft (HDA) is now
frequently used.36-38 HDA negates the concerns of
autograft harvest but carries risks of disease trans-
mission, infection, and rejection, as well as significantly
increased costs.
Some studies have suggested that patient outcomes

after SCR are similar regardless of the SCR graft mate-
rial used.38 SCR graft thickness, however, has been
shown to influence patient outcomes. An SCR graft
thickness of less than 3 mm carries an increased risk of
clinical and radiologic failure.39 On average, folded
fascia lata autograft measures 6 to 8 mm in thickness
and acellular dermal allograft measures 3 to 4 mm in
thickness.39 It is interesting to note that the biceps has
an average thickness of 6.6 mm at the articular margin
of the tendon.40 A thicker graft source such as the LHBT
may provide benefits compared with thinner graft
choices. Moreover, similarly to HDA, LHBT graft
negates the necessity for a separate incision and
consequent donor-site morbidity of fascia lata harvest.
The bio-SCR procedure offers several distinct advan-

tages when compared with traditional SCR using HDA.
Bio-SCR can be performed at a much lower cost than
SCR because it avoids the expense of an allograft; the
bio-SCR technique requires fewer suture anchors as
well. Various techniques have been described in the
literature for traditional SCR that reported the necessity
for between 4 and 9 anchors for graft fixation.1,4,41 The
bio-SCR technique incorporates the biceps tendon into
the rotator cuff repair construct using only those suture
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anchor sutures that are needed to accomplish the
rotator cuff repair. In our study patients, additional
anchors were rarely, if ever, required to secure the
transposed biceps on the greater tuberosity. In addition,
because the transposed biceps tendon is not released
either proximal or distal to the greater tuberosity, it
maintains its normal physiological tension. This pre-
served tension creates a valuable convergence post for
the rotator cuff tissue. We believed that, owing to the
utility of this transposed, normally tensioned biceps,
fewer total anchors were needed to accomplish these
massive rotator cuff repairs.
A study published by Kim et al.42 examined the re-

sults of rerouting of the intact LHBT combined with
rotator cuff repair. They created a new groove for the
biceps on the greater tuberosity, and an anchor was
placed on both the medial side and lateral side of the
footprint to secure the biceps, followed by repair of the
rotator cuff tendon in a double-row fashion. Their
procedure differs from the bio-SCR technique in that
the bio-SCR approach does not create a new biceps
groove or routinely include the performance of a
double-row repair technique. Despite these differences,
the outcomes of the study by Kim et al. and our bio-
SCR study were similar, with statistically significant
improvements in the ASES score (64.3 to 85.3,
P < .001), the VAS score (3.7 to 1.6, P ¼ .019), and
forward flexion (138� to 146�, P < .001) in their
study.40 Two patients in their study underwent revision
surgery. The results of Kim et al. are consistent with our
study findings and further support using a transposed
biceps to augment massive rotator cuff repairs.
There was 1 patient with a proximal biceps rupture

postoperatively among the 30 patients included in our
study population. This complication occurred at 6
weeks postoperatively and was treated with subsequent
open biceps tenodesis. The patient was a young, active
man who worked as a physical laborer. The quality and
condition of the biceps tendon at the time of rotator cuff
repair were not documented in the operative record. At
the time of revision, the biceps was arthroscopically
noted to have ruptured immediately distal to the
greater tuberosity. This patient subsequently recovered
uneventfully after revision surgery.
In addition, transposing the biceps tendon without

performing tenotomy at any location along its anatomic
course did not result in demonstrable negative clinical
consequences and facilitated massive rotator cuff repair
by providing structural support without the necessity
for remote-site donor autograft tissue or allograft. The
thickness of the LHBT, its viability and immediate
proximity to the greater tuberosity, and the ease with
which it can be transposed and incorporated into
massive rotator cuff repair constructs using the bio-SCR
technique create a desirable and effective surgical
option for repair of some massive rotator cuff tears.
Limitations
This study has several limitations. The retrospective

study design and subjective intraoperative patient se-
lection carry the potential for bias. Additionally, the
study was not blinded, and all the procedures and
clinical follow-up assessments were performed by the
same examiner. The lack of surgical selection blinding
and follow-up evaluations process risks implicit bias
from the investigator’s knowledge of specific study pa-
tients, which could have affected the study’s results.
However, patient-reported outcome scores and objec-
tive measures were used postoperatively to limit
inherent bias. The lack of a matching control group of
cuff repairs performed with an alternative surgical
augmentation method or with no augmentation is a
further limitation of this study.
Conclusions
Incorporating a transposed biceps tendon into the

repair of a massive rotator cuff tear using the bio-SCR
technique resulted in significant clinical improvements
with a low complication rate.
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