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Abstract  

Background  

Purpose The purpose of this study was to investigate the effect of using the long head of the 

biceps tendon (LHBT) for reconstruction of the superior capsule on shoulder kinematics along 

with different fixation constructs in a dynamic biomechanical model. The authors hypothesized 

that each of the three proposed fixation techniques would restore native joint kinematics; 

including glenohumeral superior translation, maximum abduction angle, cumulative deltoid 

force, and subacromial contact pressure. 

 

Study Design Controlled laboratory study 

 

Methods Eight fresh-frozen cadaveric shoulders (mean age: 53.4±14.2 years) were tested using 

a dynamic shoulder simulator. Each specimen underwent the following five conditions: (1) 

native, (2) irreparable posterosuperior rotator cuff tear (psRCT), (3) V-shaped reconstruction, 

(4) Box-shaped reconstruction, (5) Single-stranded reconstruction. Maximum abduction angle 

(MAA), glenohumeral superior translation (ghST), cumulative deltoid force (cDF) and 

subacromial contact pressure (sCP) were assessed in each tested condition. 

 

Results Each of the three LHBT techniques for reconstruction of the superior capsule 

significantly increased MAA, while significantly decreasing ghST and cDF compared to the 

psRCT (P < .001, respectively). Additionally, the V-shaped and the Box-shaped technique 

significantly decreased sCP (p=.009 and p=.016, respectively) compared to the psRCT. The V-

shaped technique further showed a significantly increased MAA (P < .001, respectively) and 

decreased cDF (p= .042; p=.039, respectively) when compared to the Box-shaped and Single-

stranded techniques as well as a significantly decreased ghST (p=.027) when compared to the 

Box-shaped technique.  



 

Conclusion Reconstruction of the superior capsule using the LHBT significantly improved 

shoulder kinematics when compared to a posterosuperior rotator cuff tear.  

 

Clinical Relevance Using a biologically viable and locally available LHBT autograft is a cost-

effective, potentially timesaving and technically feasible alternative for reconstruction of the 

superior capsule, which may result in favorable outcomes in irreparable posterosuperior rotator 

cuff tears due to biological advantages. Moreover, each of the three techniques restored native 

shoulder biomechanics, which may help improving shoulder function by preventing superior 

humeral head migration and the development of rotator cuff tear arthropathy in young patients 

with irreparable rotator cuff tears.  

 

 

Key Terms Superior Capsular Reconstruction; SCR; Rotator Cuff Tear; Irreparable Rotator 

Cuff Tear; Long Head of the Biceps Tendon; Biomechanics 

What is known about the subject Recent literature focuses on utilizing locally available and 

biological viable autografts, such as the long head of the biceps tendon (LHBT) for 

reconstruction of the superior capsule, with promising early resultsA LHBT autograft has 

biological advantages, such as local availability ad viability, and is easily accessible for harvest 

without donor side site morbidity when compared to an allograft.  

What this study adds to existing knowledge Using the LHBT for reconstruction of the 

superior capsule may help to improve shoulder function by preventing superior humeral 

migration, thus delaying the development of rotator cuff tear arthropathy in young patients with 

irreparable RC tears and an intact LHBT. 

 



 

Introduction 

In the past decade, superior capsular reconstruction (SCR) has emerged as a potential 

surgical approach in young patients with irreparable posterosuperior rotator cuff tears (RCT) 

and absence of severe degenerative changes. 32 Originally proposed by Mihata et al, 38 

continuous evolvement of arthroscopic techniques has led to the use of different materials for 

SCR, including allografts, autografts, xenografts or synthetic patches. 12, 16, 19, 28, 29, 32, 49 

Subsequent preliminary clinical trials yielded promising satisfactory results, 7, 14, 35-39 however, 

optimal choice of graft type remains a matter of debate among shoulder surgeons due to donor 

side morbidity, time of surgery, cost-effectiveness, and graft failures with subsequent functional 

impairment. 9, 14, 17, 21, 31 

Thus, recent literature focuses on utilizing locally available and biological viable autografts, 

such as the long head of the biceps tendon (LHBT) for reconstruction of the superior capsule, 

with promising early results. 6, 11, 16, 19, 45, 48 As the LHBT plays a dynamic role in contributing 

to glenohumeral stability and humeral head depression, especially in chronic rotator cuff tears, 

23-25, 27, 46, 50 reconstruction of the superior capsular using a biologically viable LHBT autograft 

may be a feasible alternative resulting in more favorable outcomes compared to SCR autografts 

due to biological advantages. 5, 6, 33, 50 Additionally, the mechanical properties of the LHBT such 

as ultimate strength, ultimate strain and strain energy density have been reported to be similar 

or even higher compared to other tendons around the shoulder joint, indicating that the LHBT 

may have the ability to act as a humeral head depressor. 34 Thus, using a LHBT in these patients 

may be appealing, as it is locally available, free of additional costs, technically less demanding 

and timesaving when compared to conventional SCR.  

  So far, LHBT autograft techniques have only been described and tested in static 

biomechanical shoulder models 6, 16, 42, without a consensus on how to position the graft. The 

purpose of this dynamic biomechanical study was to investigate the effect of using the long 



head of the biceps tendon (LHBT) for reconstruction of the superior capsule on shoulder 

kinematics along with different fixation techniques. The authors hypothesized that each of the 

three proposed fixation techniques of the LHBT for reconstruction of the superior capsule 

would restore native joint kinematics; including glenohumeral superior translation, maximum 

abduction angle, cumulative deltoid force, and subacromial peak contact pressure. 

 

  



Materials and Methods 

This study was reviewed via Human Research Determination Form by the institutional 

review board (IRB) of the University of Connecticut, and it was concluded that no IRB approval 

was required. Eight fresh-frozen, independent cadaveric shoulders specimens with a mean age 

of 53.4 ± 14.2 years (range: 20 – 64 years, eight males, five left shoulders) were obtained from 

Medcure Inc. (Portland, OR). All specimens underwent visual and radiographic inspection to 

detect and exclude those with any tears of the rotator cuff tendons or capsule, moderate to severe 

osteoarthritis, bony defects, or joint contractures. No specimens had to be excluded. 

 

Specimen Preparation 

Specimen preparation was performed according to a previously described method. 1, 15, 

47 Specimens were thawed overnight at room temperature prior to dissection. Specimens were 

then dissected free of skin, subcutaneous tissue and muscles leaving the rotator cuff muscles 

and the coracoacromial ligament carefully preserved. At the deltoid tuberosity, the anterior, 

middle, and posterior portions of the deltoid tendon were detached from the muscle belly and 

preserved with anchor loops being sutured to the tendinous insertions using a locking running 

stitch (No. 2 FiberWire, Arthrex Inc., Naples, FL, USA), allowing for attachment of each of the 

three deltoid heads to an individual shoulder simulator actuator. 1, 15, 47 The rotator cuff muscles 

(supraspinatus (SSP), subscapularis (SSC), infraspinatus (ISP), and teres minor (TM)) were 

sharply released of the scapula and separated from the underlying capsule, while meticulously 

preventing disruption of the tissue. The ISP and TM were simulated as one unit as previously 

described. 1, 15, 22, 47 

The individual rotator cuff tendons were sutured to pulley-straps using No. 2 FiberWire 

to avoid pull-through during load application. The scapular body was placed in a custom 

rectangular box with the medial border aligned perpendicular to the ground and the glenoid 

tilted 10° superiorly and bone cement was poured in to ensure proper fixation.1, 15, 20, 47, 53 A 



steel rod was cemented into the distal humerus and loaded with 1.7 kg, 30 cm distal from the 

center of the humeral head, representing a constant moment arm for each tested shoulder.22, 53 

The glenohumeral joint capsule was vented by opening the rotator interval, in order to prevent 

changes during testing.1, 15, 47 

 

Testing Setup 

For biomechanical testing, a standard dynamic shoulder model was utilized, adapted 

from previously validated cadaveric shoulder studies. 1, 13, 15, 20, 22, 40, 47, 53 (Figure 1) The 

shoulder simulator consisted of up to six linear screw-driven actuators (Bimba, Monee, IL, 

USA) connected to 444 N load cells (Futek, Irvine, CA, USA). A universal strain gauge signal 

conditioner (Futek Model CSG110) was linked to a panel mount display (Futek Model IMP 

650), and a test and measurement software (Sensit V2.5.1.0, Futek, Irvine, CA, USA) was used 

for load cells data acquisition in real time. 1, 15, 47 

The specimen was mounted to the simulator on a 6 degrees-of-freedom jig with the 

scapula in 10° of anteflexion, 10° superior tilt of the glenoid, resulting in a 110 ° angle between 

the scapular spine and vertical axis. 53 The anatomic lines of action of the three portions of the 

deltoid, SSC and ISP/TM unit were routed using custom 7 mm-diameter frictionless pulleys. 

The cable attached to the SSP tendon was aligned with a tilt of 10° to the horizontal. 53 The 

pulley for the anterior deltoid was placed over the tip of the coracoid process, approximately 5 

mm anteriorly to the anterolateral corner of the acromion with the middle deltoid pulley routed 

over a point 5 mm posteriorly to the anterolateral corner of the acromion, whereas the posterior 

deltoid pulley was placed at the posterolateral edge of the acromion in line with the scapular 

spine in order to mimick the native force vectors. 1, 15, 47, 53 

 

 

Motion Analysis and Dynamic Biomechanical Testing 



 Prior to testing, four infrared cameras (Vero v1.3, Vicon Motion Capture Systems, 

Centennial, CO, USA) were mounted around the shoulder simulator to cover a 180° field of 

view. A stationary triad, consisting of 3 optical markers, was placed on the acromion with its 

center being in line with the pulley of the middle deltoid. A second moving triad was mounted 

to the humeral shaft with its longitudinal axis being in line with the center of the stationary triad 

placed on the acromion. In a displacement-controlled setting, computer software (SiNet Hub 

Programmer V1.29; Applied Motion Products, Inc., CA, USA) was utilized to generate custom 

motion profiles for the individual actuators of the SSP as well as the anterior, middle, and 

posterior deltoid separately for each specimen. 1, 15, 47 3-dimensional (3D) motion tracking 

(Vicon Nexus 2.8, Vicon Motion Capture Systems, Oxford, UK) and four infrared cameras 

(Vicon Vero v1.3) with a frame rate of 250 Hz and a position accuracy of 0.01 mm and 0.1 

degrees, recorded each motion profile with the arm being abducted in neutral rotation from 0° 

to 60° in the scapular plane with the scapula fixed, corresponding to approximately 90° of total 

shoulder abduction. 1, 15, 47 For calculation of these custom motion profiles, the SSC and ISP/TM 

unit were loaded statically with a 1.36 kg hanging weight, allowing for a balanced abduction 

motion. 44 In order to generate reliable data of applied forces, each motion cycle was repeated 

three times. 1, 15, 47 Maintaining joint centering at the resting position was guaranteed by 

applying 10 N to the SSP as well as the anterior, middle, and posterior deltoid, respectively. 1, 

15, 47, 51 Every testing cycle started with the specimen in its resting position (0° of abduction, 

neutral rotation). The motion profile was recorded to articulate the arm from 0° to 60° of 

glenohumeral abduction in the scapular plane and in neutral rotation. 13, 47 Individual tendon 

excursion and velocity was calculated to reach 60° of glenohumeral abduction as previously 

described, 13, 47 while all tendons reached the abduction angle simultaneously. Force in each 

muscle was specified to increase linearly. 47For each specimen, an individual motion profile 

was generated in the intact state (condition 1) and maintained throughout all further testing 

conditions. The optical markers were tracked and recorded by infrared cameras, allowing for 



accurate evaluation of ROM using computer software (Vicon Nexus 2.8 and Vicon proCalc 

1.2.1, Vicon Motion Capture Systems).  

 

Testing Conditions 

The specimens remained in the shoulder simulator throughout all testing and surgical 

repairs. To avoid performance bias, all surgeries were performed by the same surgeon. In total, 

every specimen underwent 5 different conditions with each specimen being its own control 

(Figure 2 and Figure 3). First, the specimen was tested in the (1) native state. Secondly, a (2) 

massive, irreparable posterosuperior rotator cuff tear was created by sharply dissecting the 

footprint of the supraspinatus and cranial part of the infraspinatus on the greater humeral 

tuberosity. Subsequently, the supraspinatus muscle belly was detached from the fossa 

supraspinata in order to create a massively retracted rotator cuff tear. Care was taken not do 

damage the glenoidal attachment of the LHBT.  

In condition (3), reconstruction of the superior capsule using the V-shaped LHBT 

configuration was performed. The LHBT was tenotomised sharply underneath the bicipital 

groove, just above the musculotendinous junction distally. With the shoulder being placed in 

30° of abduction in neutral rotation,  the LHBT was fixed on the glenoidal side 2-cm posterior 

to the tuberculum supraglenoidale using a double-loaded 3-mm suture anchor (SutureTak, 

Arthrex Inc., FL,USA)  For the lateral attachment of the graft, a double-loaded 3-mm suture 

anchor (SutureTak, Arthrex Inc., FL,USA) was placed mid onto the greater tuberosity. No 

posterior or anterior side-to-side suturing was performed.  

For condition (4), the glenoidal attachment of the graft was detached by cutting the 

sutures at the glenoid and retrieving the LHBT, leaving any excess of the graft free. No damage 

to the graft was noted. For condition (5), the LHBT was released from the humeral and glenoidal 

attachment. No damage to the graft was noted. Two single-loaded 3-mm anchors were placed 

5-mm lateral to the bicipital groove (anterior-medial anchor) and postero-lateral on the greater 



tuberosity (postero-lateral anchor), respectively. Fixation of the graft was performed first 

antero-medial; then postero-lateral; and finalised by fixing the graft on the glenoidal side. For 

fixation, the shoulder was placed in 30° of abduction in neutral rotation. 

 

Outcome parameters 

Four parameters were directly measured in the cadaveric shoulders: (1) maximum 

glenohumeral abduction angle (degree), (2) glenohumeral superior translation (%), (3) 

subacromial peak contact pressure (MPa), and (4) cumulative deltoid force (N).1, 15, 47 

Glenohumeral abduction angle and glenohumeral superior translation were measured using 3-

dimensional (3D) motion tracking (Vicon Nexus 2.8, Vicon Motion Capture Systems, Oxford, 

UK) and four infrared cameras (Vicon Vero v1.3). Glenohumeral superior translation for 

conditions 2 – 5 was calculated by dividing each value by the value for the native, intact 

condition (1). 47 Subacromial peak contact pressure was measured between the coracoacromial 

arch (coracoacromial ligament and acromion) and the humerus throughout abduction by using 

a pressure-measuring system (saturation pressure, 0.56 MPa; pressure mapping sensor model 

4205 Tekscan). 1, 39, 47 Deltoid force was recorded in real time throughout range of motion by 

loadcells (Futek) connected to the actuators. 1, 15, 47 Cumulative deltoid force was calculated as 

the summation of anterior, middle, and posterior deltoid forces. Every specimen underwent 3 

trials for each measurement. 1, 15, 47 

 

Statistical analysis 

A power analysis was performed to determine detectable differences in the dependent 

variables given estimated standard deviations. 47 For the glenohumeral abduction angle, an error 

variance of 1° across all conditions with a correlation of 0.3 between measurements was 



assumed. A sample size of 6 specimens will provide 80% power to detect a 1° difference in 

shoulder angle at an α level of .05. 

Descriptive statistics including mean and standard deviation were calculated to 

characterize the specimens. Repeated measures analysis of variance was performed to examine 

differences in maximal glenohumeral abduction angle, glenohumeral superior translation, 

subacromial peak contact pressure, and cumulative deltoid force among the various testing 

conditions. There were 6 comparisons of interest. For simplicity, the adjusted P values were 

reported. Specifically, the unadjusted p-values were multiplied by 6. When significant, post-

hoc paired t tests with a Bonferroni corrected alpha were performed to determine which 

pairwise comparisons were statistically significant. The P value for the omnibus analysis of 

variance was P < .001 for each outcome measure. Given that there was only 1 independent 

variable (condition, defined as intact shoulder, simulated irreparable rotator cuff tear, V-shaped 

reconstruction, Single-stranded reconstruction, Box-shaped reconstruction), an interaction term 

was not included as a second independent variable would have been required. The alpha level 

for all analyses was set at .05. All statistical analysis was performed using Stata 15.2 software 

(StataCorp 2017. Stata Statistical Software: Release 15). 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 1. Figure demonstrating the dynamic shoulder simulator A. 1. a moving triad was 

mounted to the humeral shaft with its longitudinal axis being in line with the center of the 2. 

stationary triad placed on the acromion; 3. a steel rod was cemented into the distal humerus and 

loaded with 1.7 kg, 30 cm distal from the center of the humeral head, representing a constant 

moment arm for each tested shoulder; 4. at the deltoid tuberosity, the anterior, middle, and 

posterior portions of the deltoid tendon were preserved with anchor loops being sutured to the 

tendinous insertions using a locking running stitch, allowing for attachment of each of the three 

deltoid heads to an individual shoulder simulator actuator; B. 6. the subscapularis and 

infraspinatus/teres minor unit were loaded statically with a 1.36 kg hanging weight, allowing 

for a balanced abduction motion; 7. the anatomic lines of action of the three portions of the 

deltoid were routed using custom 7 mm-diameter frictionless pulleys; 8. the cable attached to 

the supraspinatus tendon was aligned with a tilt of 10° to the horizontal; 9. The Tecscan sensor 

was placed underneath the acromion and the free end was connected to the measuring device.  
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Figure 2. Flowchart displaying the A. five testing conditions and B. four outcome measures  

 

 

 

 

(1) Intact State

(3) V-Shaped LHBT Reconstruction

(2) Irreparable, Posterosuperior

Rotator Cuff Tear

(5) Box-Shaped LHBT Reconstruction

(4) Single-Stranded LHBT 

Reconstruction

Outcome Measures:

• Glenohumeral

Abduction ( ° )

• CumulativeDeltoid 

Force (N)

• Subacromial Peak 

Contact Pressure (MPa)

• Glenohumeral Superior

Translation (%)

A. B.



 

Figure 3. Figure demonstrating the A. created posterosuperior rotator cuff tear; B. the V-shaped 

reconstruction; C. the Single-stranded reconstruction ; D. and the Box-shaped reconstruction 
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Results 

 

 Irreparable Rotator Cuff Tear 

Intact shoulders achieved a mean maximum glenohumeral abduction of 55.3 °± 2.3°, 

requiring on average 180.7 N± 14.1 N of total deltoid force. Compared to the intact condition, 

a posterosuperior rotator cuff tear significantly decreased maximum abduction angle (62 % of 

intact; P < .001), and significantly increased glenohumeral superior translation (163 % of intact; 

P < .001), cumulative deltoid force (122 % of intact; P < .001) and subacromial peak contact 

pressure (296% of intact; P <.001). 

 

 

Reconstruction of the Superior Capsule Using the LHBT 

Each of the three reconstruction techniques significantly increased mean maximum 

glenohumeral abduction, and significantly decreased glenohumeral superior translation and 

cumulative deltoid force when compared to the posterosuperior rotator cuff tear state (P < .001, 

respectively). 

There was no statistical difference in maximum glenohumeral abduction, glenohumeral 

superior translation, and cumulative deltoid force between the Box-shaped and Single-stranded 

technique. However, the V-shaped technique showed increased maximum glenohumeral 

abduction (P < .001, respectively) and decreased cumulative deltoid force (p= .042; p=.039, 

respectively) when compared to the Box-shaped and Single-stranded technique, respectively. 

No statistically significant difference was found when comparing glenohumeral superior 

translation and the V-shaped and the Single-stranded technique. Although, the V-shaped 

technique significantly decreased glenohumeral superior translation (p=.027) when compared 

to the Box-shaped technique. (Table 1, Table 2) 

 



 

 

Peak Contact Pressure 

The V-Shaped and the Box-shaped technique significantly decreased peak contact 

pressure (p=.009 and p=.016, respectively) compared to the defect state. When comparing peak 

contact pressure between the Single-stranded technique and the psRCT, there was no 

statistically significant increase. Additionally, there was no statistically significant difference 

in peak contact pressure when comparing the three techniques. 
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Table 1. Table displaying the maximum glenohumeral abduction; the mean cumulative deltoid 

force; the mean subacromial peak contact pressure for each testing condition. Values are given 

as mean ± standard error; % glenohumeral abduction, % cumulative deltoid force and % 

subacromial contact pressure were calculated by dividing each value by the value for the native, 

intact condition. §: Significant difference compared with condition 1; *: Significant difference 

compared with condition 2, posterosuperior rotator cuff tear. 



 

Intact Defect V-Shaped Single-Stranded Box-Shaped 
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(%)  
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(%) 
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(%) 

100 163 § 120 § * 124 § * 130 § *† 

 

Table 2. Table displaying the mean glenohumeral superior translation for each testing 

condition. Values are given as mean ± standard error. % glenohumeral superior translation 

was calculated by dividing each value by the value for condition 1, intact. §: Significant 

difference compared with condition 1; *: Significant difference compared with condition 2, 

posterosuperior rotator cuff tear. 

 

 

 

 

 



 

 

Figure 4. Figure displaying glenohumeral abduction (range of motion °) across the testing 

conditions; §: Significant difference compared with condition 1; *: Significant difference 

compared with condition 2, posterosuperior rotator cuff tear. 
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Figure 5. Figure displaying maximum cumulative deltoid force (N) across the testing 

conditions; §: Significant difference compared with condition 1; *: Significant difference 

compared with condition 2, posterosuperior rotator cuff tear. 
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Figure 6. Figure displaying subacromial peak contact pressure (MPa) across the testing 

conditions; §: Significant difference compared with condition 1; *: Significant difference 

compared with condition 2, posterosuperior rotator cuff tear. 
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Figure 7. Figure displaying the changes (in %) of all outcomes measures across the testing 

conditions; % glenohumeral superior translation, % glenohumeral abduction, % cumulative 

deltoid force and % subacromial contact pressure were calculated by dividing each value by the 

value for the native, intact condition. 

 

 

 

 

 

 

 

 

 

 

 

 



Discussion 

The most important finding of this study was that reconstruction of the superior capsule 

using a V-shaped, Box-shaped or Single-stranded technique significantly increased mean 

maximum glenohumeral abduction, and significantly decreased glenohumeral superior 

translation, cumulative deltoid force and subacromial contact pressure when compared to the 

posterosuperior rotator cuff tear. Among the tested techniques, the V-shaped LHBT technique 

was shown to be superior to the Box-shaped and Single-stranded techniques. In consideration 

of the data gathered from this dynamic biomechanical investigation, using a locally available 

LHBT autograft may be a biological viable, technically feasible and potential cost- and 

timesaving alternative for reconstruction of the superior capsule, which may result in favorable 

outcomes. 

When approaching massive, irreparable RCT in young and active patients without 

severe signs of osteoarthritis, choosing the optimal treatment remains a major challenge for 

shoulder surgeons. A plethora of surgical techniques have been described covering arthroscopic 

salvage techniques or more sophisticated open approaches such as tendon transfers, SCR or 

reverse total shoulder arthroplasty. However, a lack of clear evidence-based guidelines and high 

clinical failure rates emphasize the incertitude on how to best treat this challenging patient 

cohort. 41 

Recent studies have focused on using locally available and biological viable autografts 

for reconstruction of the superior capsule. 5 When using the LHBT for reconstruction of the 

superior capsule, promising early results may be expected, 5, 10, 18 however, detailed 

biomechanical understanding and its effect on joint kinematics remains limited. 6, 11, 16, 19, 45, 48 As 

to date, current data has only been gathered on small patient cohorts with limited follow-ups,  

or static shoulder simulators, there is no consensus on which technique may result in favorable 

shoulder function.  



Reconstruction of the superior capsule using the LHBT in massive, irreparable 

posterosuperior RCT is based on the principles of SCR. First described by Mihata in 2012 using 

fascia lata, SCR has since then evaded the field of orthopaedic surgery with more than 18,000 

procedures performed worldwide in 2018. Initial clinical results yielded promising outcomes 4, 

8, 14, 35, 36, 38, 43, although clinical failure rates have been reported to vary between 4 -55 % of 

cases, highly dependent on technique and graft choice.8, 14, 26, 37, 43, 52, 54 The most common 

failures include graft tears on the glenoidal side and concomitant graft failures, which may be 

higher for allografts, when compared to autografts. 14, 26, 32, 38, 54 Thus, potential donor-site 

morbidity, graft reactions, minimal needed size of graft, high-learning curves, complex 

techniques and high-costs, raises concerns among orthopaedic surgeons when indicating 

patients for conventional SCR.  Consequently, using the LHBT in reconstruction of the superior 

capsule may be a cost-effective, timesaving and technically feasible procedure, which does not 

destroy the path, even if reconstruction fails. Compared to conventional SCR, less anchors on 

the glenoid and humeral side are needed, which may be of clinical relevance, when converting 

patients with failed SCR to rTSA. To date, it remains unknown how failed SCR with 

considerable anchors at the glenoidal and humeral side will subsequently affect outcomes and 

complications in future interventions.30 Additionally, due to the biological viability of the 

proximal attachment, glenoidal and subsequently graft tears may be avoided.  

Biomechanically, the V-shaped LHBT technique was superior compared to the Box- 

and Single-Stranded technique. By using a V-Shaped technique, the intra-articular biceps 

tendon, which is typically wide and flat, 2 may act as a “reverse trampoline” at lower abduction 

angles, whereas the box-technique may act as a “pillow” or a “spacer” underneath the acromion. 

When compared to the Single-stranded reconstruction, a V-shaped LHBT configuration may 

allow for a more dynamic humeral head depression, thus may improving shoulder function. 

Additionally, the thickness 34 and the flatting 50 of the intra-articular LHBT may also contribute 

to the “spacer” effect described by Singh et al. 49 Compared to commercially available allografts 



(thickness 3.0 mm), the LHBT used in this study was notably thicker (4.0 – 6.0-mm), thus being 

comparable to the native rotator cuff as well as the 6.0- and 8.0-mm thickness recommended 

by Scheiderer et al and Mihata et al, to have the proposed spacer effect. 39, 47, 49   

There are several limitations to this study. First, graft healing and remodeling are not 

considered in biomechanical studies, as only time-zero effects are examined. Further, the high 

age of the donors of the cadaveric shoulders does not always reflect clinical practice, as the soft 

tissue qualities may be different in comparison to younger patients, which are usually indicated 

for SCR. In addition, the latissimus dorsi or pectoralis major, known as substantial muscles of 

the shoulder influencing shoulder kinematics, were not taken into account in this study. To this, 

as it is necessary to securely mount the specimen to the shoulder simulator, any scapulothoracic 

motion was eliminated by fixing the scapula. Additionally, optimal fixation angle and graft 

tensioning have not been investigated in this setup, may inducing more biomechanical studies 

in the near future. Further, it remains unknown if changes in biceps kinematics may induce pain 

in patients with degenerative tendon changes or SLAP lesions, as the LHBT is a highly 

innervated structure and is considered as a shoulder pain generator. 3 Similarly, lesions around 

the tendon origin may occur. Finally, using the LHBT as reconstruction of the superior capsule 

may not be feasible in a certain number of patients as tenotomies may have been performed in 

previous surgeries. Thus, these patients may benefit from using a strong autograft/allograft in a 

similar fashion. Clinically, the length of the biceps tendon required for a Box-shaped 

reconstruction of the superior capsule may not always be realistic, as 13 - 15 cm of tendon are 

necessary for an adequate Box-shaped reconstruction.  

 

 

 

 

 



Conclusion  

Reconstruction of the superior capsule using the LHBT significantly improved shoulder 

kinematics when compared to a simulator posterosuperior rotator cuff tear.  
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