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Abstract
Background: While arthroscopic superior capsule reconstruction (SCR) has been recently introduced to
treat irreparable rotator cuff tear with encouraging outcomes, graft options and �xation remain debated.
The purpose of this article is to describe a novel technique and present preliminary results in using long
head of biceps tendon (LHBT) as augmentation for SCR with fascia lata autograft.

Methods: Retrospective analysis was performed on 18 patients undergoing arthroscopic SCR with LHBT
augmentation for irreparable rotator cuff tear between October 2017 and November 2019. Preoperative
radiographic survey con�rmed massive rotator cuff tear with moderate to severe muscle fatty in�ltration
and availability of LHBT. Fascia lata autograft harvested from ipsilateral thigh was folded and securely
sutured. The folded fascia graft was then introduced through standard anterolateral portal and �xed to
superior glenoid superiorly and greater tuberosity laterally with suture anchors. Anteriorly, fascia lata graft
was sutured with proximal portion of LHBT instead of subscapularis tendon. A full coverage of rotator
cuff defect by facial graft was then con�rmed arthroscopically to allow tension-free suturing between
posterior margin of fascia graft and residual infraspinatus tendon. Postoperative abduction brace and
regular follow-up was arranged.

Results: Being intact in 4 patients and either partially torn or subluxed in 14 patients, LHBT in all 18
patients were available for augmentation surgery. Preliminary functional survey revealed encouraging
outcomes with a mean follow-up of 11.5 months. Nine patients with more than one year follow-up
regained full forward elevation; ASES improved from 24.3 to 90.2. Acromiohumeral distance improved
from 3.3 mm to 8.6 mm with radiographic analysis in those 9 patients.

Conclusions: Arthroscopically LHBT augmented SCR is a novel technique and can be one of feasible
opinions for irreparable rotator cuff tear.

Background
Given tremendous advances in arthroscopic techniques, treatment of massive rotator cuff tear (RCT)
remains a challenge to shoulder surgeons. In case that the tear was irreparable or too extensive to have
an optimal repair, the rotator cuff muscle became stiffer and atrophy with fatty in�ltration. The absence
of rotator cuff integrity and coordination leads to proximal migration of humeral head with a loss of
balanced force couple [1]. As the condition is progressed, the shoulder becomes signi�cantly painful with
diminished range of motion and functional disabling [2].

Clinical presentations of irreparable RCT include chronic pain, functional limitation, weak external
rotation, and even pseudoparalysis [3,4].

Superior capsule reconstruction (SCR) is a new technique and has been currently introduced to treat
irreparable RCT by using tensor fascia lata (FL) autograft [5] or human dermal (HD) allograft [6]. Both
showed encouraging short-term outcomes. SCR was originally designed by Mihata et al. Biomechanical
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study showed the interposed patch graft completely restored superior stability in the cadaveric shoulder
with massive RTC when the graft was securely attached to the superior glenoid tubercle and sutured to
the torn tendons [7]. Despite encouraging outcome in recent reports, debates still exist regarding options
and �xation of the graft [8] and the importance of marginal convergence [9]. Owing to proximal
availability, long head of biceps tendon (LHBT) has been used to support RCT repair [10]. In this paper, we
described an arthroscopic technique of LHBT augmentation in autologous FL SCR for irreparable RCTs.

Methods
Statement of ethics approval and description of patient data

Ethics committee approval was obtained from our Institutional Review Board for this study. We
conducted a retrospective analysis in 18 patients, who underwent the index surgery between October
2017 and November 2019. There were 9 male and 9 female patients with an average of 66.1 years (range,
57 to 73). Time interval of exaggerating disability with the presentation of painful drop arm averaged 6.1
months (range, 2 to 12) according to patients’ description. Preoperatively, consensus in clinical
impression and radiographic �ndings have been reached by the orthopedic surgeon and radiologists.

Preoperative Survey

Eligible indications for performing the index surgery are irreparable rotator cuff tear with Goutallier stage
2 to 4 muscle fatty in�ltration in the preoperative radiographs. The retracted supraspinatus tendon was
con�rmed to be irreparable during shoulder arthroscopy as the torn tendon cannot reach to the original
footprint [5]. Infraspinatus tendon was completely or partially torn and subscapularis tendon was either
intact or only partial articular-side tear. An existing LHBT either intact or partially torn was used and
incorporated with FL graft for reconstruction of superior joint capsule. Before surgery, all patients signed
informed consents and underwent complete assessment including shoulder physical examination, plain
radiographs and magnetic resonance image (MRI) for con�rmation of diagnosis and surgical indications.

Surgical Technique

Under general anesthesia, the patient was placed in lateral decubitus position. Longitudinal skin incision
was made over lateral thigh of the same side with the lesioned shoulder. Tensor FL graft of about 4 x 15
cm in size was harvested under meticulous dissection and hemostasis. Then the wound was
approximated layer by layer with subcutical suture. After proper dressing, the patient was changed to
beach-chair position. Standard arthroscopic portals was used including posterior, posterolateral, lateral,
anterolateral, anterior, and Neviaser portals. A meticulous examination was undertaken to con�rm the
massive RCTs, the availability of LHBT, the condition of subscapularis tendon and articular cartilage. For
the articular-sided or upper full-thickness subscapularis tear, approximation with 2.3mm Iconix all-suture
anchor (Stryker Endoscopy, San Jose CA) was performed at the tuberosity footprint. Then the arthroscope
was introduced into the subacromial space through posterior portal. A motorized shaver and a
radiofrequency device (Super TurboVac 90; ArthroCare, Texas, USA) were used for thorough bursectomy,
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release of tendon adhesion, and debridement of tendon stump on the greater tuberosity through
anterolateral and posterolateral working portals. Acromioplasty was not undertaken routinely unless
remarkable anterolateral spur was found and removed by the motorized shaver. Further preparation of
supraglenoid fossa and greater tuberosity to facilitate graft-bone healing was performed by a 4.0-mm
motorized burr. Then an extended skin incision of 2 cm was made along the lateral portal from acromion
margin downward. A 2-cm cannula was inserted through deltoid muscle splitting.

With the shoulder in 30o forward �exion and 30o abduction position and supported stably in an arm
holder, the FL graft was then folded and securely sutured to become a 3x4 cm2 patch with thickness
about 6 to 8 mm. The FL graft patch was then introduced through the anterolateral portal. Two 1.4-mm
Iconix all-suture anchors (Stryker Endoscopy, San Jose CA) were used to �x the medial 3-cm side of the
graft patch. The lateral portion of the graft patch was then secured to the greater tuberosity in
compression suture-bridging technique using two 2.3-mm Iconix all-suture anchors (Stryker Endoscopy,
San Jose CA) and two 4.5-mm Reelx anchors (Stryker Endoscopy, San Jose, CA). Then the proximal part
of LHBT was sutured to the anterosuperior part of fascia graft (Figure 1). Before suturing the fascia graft
to residual infraspinatus posteriorly, the integrity and of graft patch and full coverage of the rotator cuff
defect was meticulously con�rmed with arthroscopic examination (Video). Then the wounds were closed
with 3-O Nylon suture. Abduction pillow brace was applied for arm immobilization in 45o abduction
position.

Postoperative Care

The operation arm was immobilized in 45o abduction brace for 4 weeks. Then the rehabilitation program
started with Codman exercise and gentle assisted forward elevation. Active motion was prohibited until
full passive elevation was reached, and began at least 4 months after SCR surgery. For patients with
inadequate internal rotation, passive stretch was started at least 6 months after surgery. Resistant
exercise was allowed at 9 months postoperatively.

Preliminary Results
Under arthroscopic examination, LHBT was available to augmentation surgery in all 18 patients. LHBT
was intact in 4 patients and partially torn in 5 patients; in the remaining 9 patients, LHBT was grossly
intact but subluxed. Postoperative follow-up averaged 11.5 months (range, 6 to 24); 9 patients were more
than one year; 5 patients, 9 months; 4 patients, 6 months. In the 9 patients of more than one year follow-
up , residual soreness was only noted in one patient with daily activity; ASES improved from 24.3 (range,
18 to 53) preoperatively to 90.2 (range, 82 to 96). All 9 patients regained full forward elevation with either
no or slight limitation of internal rotation Radiographic assessment (Figure 2) in the those 9 patients
revealed acromiohumeral distance increased from 3.3 mm (range, 0 to 6.3) to 8.6 mm (range, 5.1 to 9.3).

Discussion
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Owing to disruption of shoulder force couple, absence of rotator cuff and superior capsule may change
mechanics of shoulder joint with subsequent upper migration of glenohumeral articulation [11,12]. The
technique of SCR was designed to provide a biologic constrain to superior migration and thus to obtain a
stable fulcrum of humeral head [13,14]. Autogenous FL and allogenic HD patch are two common grafts
used for SCR to achieve encouraging outcome. In this report, FL autograft is chosen for SCR simply
because it is readily available and patients do not have any payment for the graft patch. Other
advantages with FL autograft may include thicker spacing, less elongation [8, 15] and no concerns in
immune responses.

In addition, we incorporated LHBT into FL graft for SCR. The rationales are threefold. Firstly, LHBT is
regionally available inside the shoulder joint and has been successfully used as augmentations for
supporting biomechanical forces in rotator cuff repair [10,16]. Incorporation of LHBT with FL patch may
provide additional thickness and stabilizing effect against anterior translation. Secondly, FL patch could
be secured antero-superiorly by suturing to LHBT instead of subscapularis tendon since anterior side-to-
side suture may not be necessary or even cause concerns of shoulder stiffness owing to closure of
rotator interval [15]. Thirdly, LHBT is rich in tenocytes that may imitate the physiological demands of
rotator cuff and is thus considered a suitable graft for augmentation in RCT repair and reconstruction
[16,17]. 

Currently, LHBT was adapted as a suitable and locally available graft for SCR [18]. The intraarticular
portion of LHBT was cut distally and �xed to greater tuberosity by either suture anchors [18-20] or trans-
osseous suture [21]. While LHBT was used to bridge superior glenoid and greater tuberosity similar to FL
in SCR, general concerns in those techniques are regarding the size and quality of tendon graft. LHBT in
patients with massive RCT is commonly found to be partially torn or degenerative [22], which is not able
to be accurately evaluated before arthroscopy. Instead of using LHBT alone for SCR, we incorporated
LHBT to FL autograft for augmentation. By preservation of LHBT insertion and continuity, not only the
incorporated LHBT could further secure the FL patch and stabilize the humeral head by creating a
downward force [19] but also may provide better vascularity for graft healing [23].

The critical concern of this technique remains on the availability and quality of LHBT. Even though
degenerative change and partial tear are commonly seen in massive RCT, our technique could be applied
whenever LHBT is available. It is because LHBT is incorporated to FL patch and preservation of tendon
vascularity and continuity may enhance tendon-fascia healing. Being different from other techniques
using LHBT alone for SCR surgery, our method con�rms availability of LHBT from preoperative MRI and
thus can be readily planned before surgery. Other limitations and disadvantages include possible pain
generator of LHBT, additional suture tangling for LHBT-FL suture, and technically demanding in passing
FL patch to superior glenoid in the presence of LHBT. Short term follow-up in our patients as well as
surgical outcomes in other reports may minimize the consideration of LHBT complications in serving as
a graft for SCR. While incorporation of LHBT to FL patch may create more suture tangling, this technique
does not need additional suture anchor �xation and thus skip the possible complications with suture
anchor and poor bone quality.
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Conclusions
With the advantages in augmenting antero-superior glenohumeral stability while skipping anterior side-to-
side suture to avoid potential stiffness, we believe the proposed technique by incorporating LHBT with FL
autograft for SCR can be one of useful options in irreparable massive RCT.
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Figure 1

A 30 Arthroscope is introduced via standard posterior portal in right shoulder of 67 year-old female
patients. [A] Anteriorly, identifying long head of biceps tendon (LHBT) above the fascia graft (G) by
probing (hollow arrow). [B] Posteriorly, con�rming optimal size and location of fascia graft (G) to fully
cover the rotator cuff defect and reach the margin (white arrow) of residual rotator cuff tissue (RC). [C]
Proximal part of the LHBT (P) is then sutured (hollow arrow) the fascia graft (G). [D] Laterally, fascial
graft (G) is �xed to graft tuberosity using suture bridging technique (hollow arrow).
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Figure 2

Radiographic assessment for acromiohumeral distance (white arrows). [A] Before surgery. [B] One year
after surgery.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SCRvideooriginal.mp4

https://assets.researchsquare.com/files/rs-23765/v1/SCRvideooriginal.mp4

