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Background: A labral injury contributes to glenohumeral instability. The Anterior Labral Circumferential Onlay Technique (ALCOT)
reconstructs the labrum using the long head of the biceps tendon.

Hypothesis: The ALCOT would restore glenohumeral joint stability in a cadaveric model without glenoid bone loss (1) comparable
to the native state and (2) comparable to the Latarjet procedure.

Study Design: Controlled laboratory study.

Methods: A total of 10 fresh-frozen cadaveric shoulders were tested using a 6 degrees of freedom robotic arm in 5 consecutive
states: (1) native, (2) capsular repair, (3) labral tear, (4) ALCOT, and (5) Latarjet procedure. Biomechanical testing consisted of 80 N
of anteroinferior force and 50 N of compression in 90� of humerothoracic abduction. Lateral displacement of the humeral head
and the force ratio during a dislocation were measured.

Results: The mean lateral translation of the humeral head during a dislocation in the native state was 6.5 6 2.2 mm and
decreased to 5.4 6 2.4 mm in the labral tear state (P \ .001). The mean lateral translation of the humeral head was restored
to 6.4 6 2.2 mm (P . .99) with the ALCOT, showing no difference from the native state. The Latarjet procedure restored the
mean force ratio during a dislocation to 1.3 6 0.6 but failed to restore lateral translation, with a value of 5.6 6 2.8 mm (P =
.003 vs native; P = .94 vs labral tear). The mean force ratio was 1.8 6 0.1 in the native state, decreased to 1.1 6 0.4 in the labral
tear state, and was 1.4 6 0.4 (P \ .27) with the ALCOT, showing no difference from the native state.

Conclusion: The ALCOT is a novel technique for labral reconstruction that may have a role in the treatment of anterior glenohum-
eral instability in the setting of a deficient labrum without bone loss. In this study, the ALCOT restored the force ratio and lateral
translation of the humeral head compared to the native state. The Latarjet procedure restored the force ratio but not lateral trans-
lation of the humeral head compared to the native state.

Clinical Relevance: This study proposes and biomechanically validates the ALCOT as a surgical technique for labral reconstruc-
tion that may have a role in treating patients with chronic anterior shoulder instability in the setting of a deficient labrum.
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Anterior glenohumeral instability most commonly affects
a young, physically active population.6 After failed

nonoperative treatment, the current standard of care is
arthroscopic Bankart repair. The procedure consists of
reattaching the displaced labrum in conjunction with cap-
suloligamentous plication. Recurrent instability remains
a challenge, especially in young patients, with recurrence
rates reported up to 22%.16,24,27 The surgeon may
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encounter poor tissue quality in patients with multiple dis-
locations or recurrence after arthroscopic repair. Some
experts recommend primary bony procedures to treat ante-
rior instability, even when there is no bone loss, to avoid
recurrent instability.18,26,33 One frequently utilized surgi-
cal technique is the Latarjet procedure.19 The Latarjet pro-
cedure transfers the coracoid to the anteroinferior glenoid
to lengthen the glenoid arc, with the additional benefit of
the sling effect, created from the conjoint tendons.31 The
Latarjet procedure has excellent midterm to long-term
results in patients with relevant bone loss3,10,25 but does
not lead to superior results over revision Bankart repair
in patients with subcritical glenoid bone loss and recurrent
anterior shoulder instability.5,30

In the setting of chronic glenohumeral instability, the
labrum may be of poor quality because of repetitive trauma
from recurrent instability events or prior surgery.2 In
these clinical settings, difficulty repairing the labrum
may arise. As proposed solutions, some technical notes
describe augmentation with allografts such as the semi-
tendinosus or gracilis tendon.21 In cases of an irreparable
labrum, other authors have reconstructed the capsule
and labrum entirely using an allograft with promising
results.4,9 However, the availability, cost, and legal param-
eters regarding the use of allografts vary significantly
between countries, which presents a major challenge.
Alternatively, some authors have suggested the use of
hamstring tendon autografts.9 Potential downsides include
the risk of harvest site morbidity, pain, and hamstring
weakness compared to the other leg as well as an addi-
tional intervention on the leg.11 Other nonanatomic
options for anterior glenohumeral stabilization are
dynamic anterior stabilization, the augmentation of pri-
mary Bankart repair with an additional long head of the
biceps tendon (LHBT), and the use of the semitendinosus
tendon as a subscapular sling.17,23 The LHBT as an
attached intra-articular tendon, by shuttling the tendon
through a drilled hole from the center of the humeral
head to the bicipital groove, is another option that
has been previously used to help stabilize the glenohum-
eral joint.35

Although labral reconstruction is relatively uncommon
in shoulders, it is frequently used in the hip with various
graft options.8,29 By transferring the concept from the hip
to the shoulder joint, a salvage procedure using the
LHBT for recurrent shoulder instability has been

described. This technique is called the Anterior Labral Cir-
cumferential Onlay Technique (ALCOT) and uses the
onsite, proximally attached autologous LHBT to recon-
struct the labrum (Figure 1).

The purpose of this study was to investigate the biome-
chanical properties of the ALCOT using a 6 degrees of free-
dom robotic arm. The secondary aim was to analyze the
ability of the ALCOT to prevent anteroinferior dislocations
and restore glenohumeral stability. Last, the presented
novel technique was compared to various states including
the native state, a labral tear, and the Latarjet procedure.
We hypothesized that the ALCOT would restore gleno-
humeral joint stability in a cadaveric model (1) comparable
to the native state and (2) comparable to the Latarjet
procedure.

METHODS

Specimen Preparation

A total of 10 fresh-frozen cadaveric shoulders (obtained
with permission from Science Care; age range, 36-65 years)
were tested in this study.34 The specimens were donated to
a tissue bank for medical research and then purchased by
our institution. The use of cadaveric specimens did not
require institutional review board approval at our institu-
tion. Specimens were excluded based on age .65 years,
a history of shoulder injuries, shoulder surgery, osteoar-
thritis, joint stiffness, degenerative joint disease, osteopo-
rosis, or other joint abnormalities. Specimens were
examined by 2 orthopaedic surgeons (M.E.D.H. and
R.O.D.H.) to ensure that no exclusion criteria existed.
The shoulders were thawed at room temperature (72�F)
overnight before testing.

All skin, subcutaneous tissue, and muscles distal to the
deltoid were removed. The glenohumeral joint capsule,
rotator cuff musculature, and both origins and insertions
of the coracobrachialis and short head of the biceps tendon
were left intact on the humerus. For the scapula, the clav-
icle and deltoid musculature were removed, and the origins
of the rotator cuff muscles were left intact. The medial
aspect of the scapula was potted in a rectangular prism-
shaped mold with polymethyl methacrylate (PMMA;
Fricke Dental), with the medial border of the scapula par-
allel to the horizontal plane. The lateral shaft of the
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humerus was potted 10 cm distal to the superior tip of the
humerus in a cylindrical mold. The specimens were moist-
ened with saline solution every 20 minutes throughout
preparation and immediately before testing.

Each scapula was rigidly clamped to a custom fixture
mounted to a 6-axis universal force torque sensor (ATI
Industrial Automation) on a pedestal, and each humerus
was rigidly clamped to a custom fixture mounted to the
end effector of a 6 degrees of freedom robotic arm (KR60;
KUKA), as shown in Figure 2. simVITRO software (Cleve-
land Clinic) was used to control the robotic arm. A joint
coordinate system was established by digitizing landmarks
using a coordinate measuring machine (ROMER Absolute
Arm; Hexagon) according to the Internation Society of Bio-
mechanics (ISB) standard.36

Biomechanical Testing

During all tests, the shoulder joint was maintained in 90�
of humerothoracic abduction. In vivo, placing the arm in
this position requires both scapulothoracic and glenohum-
eral motion; however, the scapula was clamped in the pres-
ent study. To overcome this limitation, a study by Ludewig
et al22 in which participants were asked to perform basic
humerothoracic movements, including abduction, while
measuring the relative positions of their scapula, humerus,
thorax, and clavicle was referenced. That study provided
the relative glenohumeral angles corresponding to 90� of
humerothoracic abduction that were used in the present

study: 53� of elevation, 58� of external rotation, and –18�
of plane of elevation.

In the native state, each specimen was set to neutral by
applying a 50-N compressive load and 0-N anterior and
inferior loads and defining this position as 0 mm of ante-
rior, lateral, and inferior translation. From there, each
specimen underwent an initial test to determine the appro-
priate amount of anterior and inferior displacement that
then served as a baseline for future tests. In the initial
test, a 50-N compressive load was maintained, while an
80-N force was applied in the sagittal plane at a 45� angle
between the anterior and inferior axes over a period of 10
seconds. The corresponding anterior and inferior displace-
ment values were recorded. Then, in each state including
the native state, a dislocation test was performed. In this
test, a 50-N compressive load was maintained, while the
joint was driven to the same position as the previously
recorded positions on the anterior and inferior axes over
a period of 10 seconds. The amount of force needed to dis-
place the shoulder throughout this motion was recorded.
The joint was inspected between tests to ensure that no
bone loss occurred during testing.

Outcome Measures

There were 2 outcome measures analyzed. The first was
the amount of lateral displacement of the humeral head
that occurred during the dislocation. This represents the
height of the glenoid rim that needed to be overcome by
the humerus for the shoulder to dislocate; thus, higher lat-
eral translation represents more stability. The second was
the force ratio, which is the amount of anteroinferior force
needed to dislocate the shoulder divided by the amount of
compressive force. The reason for calculating this value
is that the stability of the shoulder joint depends on the
amount of compression applied. With more compression,
the joint requires more force in the sagittal plane to dislo-
cate. In the dislocation test, the target compressive force
was set to 50 N, but based on the system dynamics and
the control algorithm, the actual compressive force did not
track 50 N perfectly. By looking only at the total amount
of force in the sagittal plane, the dislocation force recorded
would depend on the speed of the movement and the efficacy
of the control algorithm in tracking 50 N of compressive
loading. By normalizing the sagittal plane load to the com-
pressive load, a force ratio was calculated, which was less
dependent on the specific parameters of the control algo-
rithm and the specific testing setup and which was more
generalizable to any amount of compressive force.

Testing States

Each specimen underwent biomechanical testing in 5 con-
secutive states: (1) native, (2) capsular repair, (3) labral
tear, (4) ALCOT, and (5) Latarjet procedure.

(1) Native: Each prepared specimen was tested in its
native state.

(2) Capsular repair: The subscapularis (SSC) tendon was
split horizontally from lateral to medial in the middle

Figure 1. Representation of the Anterior Labral Circumferen-
tial Onlay Technique with the long head of the biceps tendon
secured to the glenoid rim by 3 knotless all-suture anchors in
the 3-o’clock, 4:30, and 6-o’clock positions.
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one-third of the tendon, the capsule and tendon were
separated from each other, the capsule was then
opened similarly from medial to lateral parallel to the
tendon split (Figure 3), and the capsule and muscle
were closed together through continuous suture repair.
Then, the repaired capsule state was tested. This state
was used to measure the influence of capsular repair
on joint stability.

(3) Labral tear: The stitches of the SSC tendon were reop-
ened as well as the capsule’s stitches. The labrum was
then removed from the anteroinferior glenoid rim (2- to
7-o’clock position) and from the joint. The capsule and
SSC tendon were closed as described before.

(4) ALCOT: This technique can be performed either
arthroscopically or open. For technical reasons in the
testing setup, we used an open approach. The SSC ten-
don was reopened between the upper one-third and
lower two-thirds along its fibers. Then, the joint was
opened by opening the capsule’s sutures as described
before. At the anteroventral arm in the distal subpec-
toral position, the biceps tendon was cut with a scalpel
(similar to the step of cutting the tendon for biceps
tenodesis) (Figure 4). Inside the joint, a forceps was
placed on top of the intra-articular portion of the
LHBT, similar to the hook test, and the distal part of
the tendon was pulled into the joint. The proximal
attachment at the supraglenoid tubercle was left
intact. Overall, 3 knotless all-suture anchors (1.8-mm
Knotless FiberTak with No. 2 sutures; Arthrex) were
placed in the 3-o’clock, 4:30, and 6-o’clock positions on
the anterior glenoid rim using a cannula and a flexible
drill (Spear; Arthrex), and the anchors were next
inserted into their respective holes and, with gentle

impaction, secured in the holes. Then, the sutures
were pulled upward to secure the placement of the
suture anchor. The biceps tendon was grasped and
held under tension to pierce it with blue repair sutures
by using a piercing device (Scorpion; Arthrex) that
passed the sutures back and through the LHBT, plac-
ing 3 mattress sutures along the LHBT in the respec-
tive 3-o’clock, 4:30, and 6-o’clock positions (Figure 4).
Then, each repair suture was passed through the
loop of its corresponding shuttling suture, the shut-
tling suture was pulled firmly, and with tightening of
the shuttling suture, the LHBT was secured to the gle-
noid rim, reconstructing the anterior labrum (Figure
5). The distal end of the LHBT was not sutured to
the posterior labral stump. Finally, the capsule and
SSC tendon were closed as described before.

(5) Latarjet procedure: The capsule and SSC tendon were
opened. The procedure was performed following the
senior author’s (P.J.M.) technique.15 The coracoid was
cut at its base (25 mm from the tip) using an oscillating
saw with the conjoint tendons remaining intact. Next, 2
parallel holes were drilled into the coracoid using a cor-
acoid drilling guide (Arthrex). Then, 2 corresponding K-
wires were drilled into the glenoid using a guide with
placement parallel to the glenoid rim.15 The guide was
removed, and 2 cannulated screws were placed, using
the K-wires as guides, to secure the coracoid flush
with the glenoid (cannulated screw, partially threaded,
3.75 mm 3 30 mm; Arthrex). The capsule as well as
the SSC tendon and muscle were closed (Figure 6).

Statistical Analysis

To match the repeated-measures design of the study,
1-factor random-intercepts linear mixed-effects models

Figure 2. Experimental setup of a right shoulder with a 6
degrees of freedom robotic arm (posterior view).

Figure 3. Left shoulder specimen with an opened capsule in
the surgical setting. Major structures of importance are
labeled. CT, conjoint tendon; H, humeral head; L, labrum;
Scap, scapula; SSC, subscapularis tendon; Cap, capsule.
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were used to compare testing states. A separate model was
created for each of the 2 primary outcome measures: lateral
translation of the humeral head and force ratio. An unstruc-
tured covariance matrix was assumed for all linear mixed-
effects models, and analysis of variance was run to determine

if the effect of the shoulder state was a significant factor for
each outcome measure. Estimated marginal means were
reported, and the Tukey method was used to conduct all
post hoc pairwise comparisons among the 5 shoulder states.
Residual diagnostics were inspected to ensure a model fit,
and those assumptions were met. Statistical software R (Ver-
sion 4.0.0)28 was used for all plots and analyses.

RESULTS

No significant differences were found between the native
and capsular repair states for either outcome. Compared
to the native state, a labral tear significantly decreased lat-
eral translation of the humeral head during a dislocation
from 6.5 6 2.2 to 5.4 6 2.4 mm (P \ .001) and decreased
the force ratio from 1.8 6 0.1 to 1.1 6 0.4 (P = .002), corre-
sponding to a decrease from 90 to 55 N with 50 N of com-
pressive loading (Figure 7). The ALCOT restored these
values to 6.4 6 2.2 mm and 1.4 6 0.4, respectively, showing
no statistically significant difference from the native state.
The Latarjet procedure restored the force ratio to 1.3 6 0.6
but failed to restore lateral translation, with a value of 5.6
6 2.8 mm (P = .003 vs native; not significantly different vs
labral tear) (Figure 8). The results for lateral displacement
of the humeral head and force ratio are shown in Figures 7
and 8, respectively. P values for the differences are listed
in Tables 1 and 2.

DISCUSSION

The most important finding of this study is that the pre-
sented ALCOT restored glenohumeral stability (ie, both
the force ratio and lateral translation) compared to the
native state. Further, in this cadaveric model without
bone loss, the Latarjet procedure restored the force ratio
but not lateral translation compared to the native state.

Figure 4. Representation of subpectoral tenodesis. After
performing the ALCO Technique the skin and underlying tis-
sue is opened at the distal border of the subpectoral muscle.
After identifying the distal part of the LHBT it is pulled out of
the sulcu, shortened and then proximally attached to the
subpectoral proximal humerus using a suture anchor.

Figure 5. Right shoulder specimen with the Anterior Labral
Circumferential Onlay Technique (ALCOT [A]) before capsular
closure . CT, conjoint tendon; H, humeral head; SSC, sub-
scapularis tendon. Cap, capsule.

Figure 6. Right shoulder specimen with the Latarjet proce-
dure (L). CT, conjoint tendon; G, glenoid; Scap, scapula;
SSc, subscapularis tendon.
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Figure 7. Lateral translation by testing state. Error bars represent 1 standard deviation. A horizontal line represents a significant
difference between 2 states. ALCO, Anterior Labral Circumferential Onlay.
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Figure 8. Force ratio by testing state. Error bars represent 1 standard deviation. A horizontal line represents a significant differ-
ence between 2 states. ALCO, Anterior Labral Circumferential Onlay.

TABLE 1
Force Ratioa

Difference P

ALCOT vs capsular repair –0.49 .03
ALCOT vs labral tear 0.34 .25
ALCOT vs Latarjet procedure 0.10 .98
ALCOT vs native –0.33 .27
Capsular repair vs labral tear 0.83 .00
Capsular repair vs Latarjet Procedure 0.59 .01
Capsular repair vs native 0.17 .83
Labral tear vs Latarjet procedure –0.24 .57
Labral tear vs native –0.66 .00
Latarjet procedure vs native –0.42 .09

aALCOT, Anterior Labral Circumferential Onlay Technique.
Bold P values indicate significant differences (P \ 0.05).

TABLE 2
Lateral Translationa

Difference, mm P Value

ALCOT vs capsular repair –0.03 ..99
ALCOT vs labral tear 0.99 .00
ALCOT vs Latarjet procedure 0.81 .01
ALCOT vs native –0.05 ..99
Capsular repair vs labral tear 1.02 .00
Capsular repair vs Latarjet procedure 0.85 .00
Capsular repair vs native –0.02 ..99
Labral tear vs Latarjet procedure –0.17 .94
Labral tear vs native –1.04 .00
Latarjet procedure vs native –0.86 .00

aALCOT, Anterior Labral Circumferential Onlay Technique.
Bold P values indicate significant differences (P \ 0.05).
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Recurrent glenohumeral instability remains a fre-
quently observed problem in shoulder surgery. While
patients with significant bone loss are successfully treated
with bony procedures such as the Latarjet procedure or
iliac crest grafting, there is no consensus on the best treat-
ment approach for patients with subcritical bone loss.
Therapeutic options comprise the abovementioned bony
procedures and dynamic or static stabilization surgery.

The Latarjet procedure lengthens the articular arc, cre-
ating a sling effect through the conjoint tendons and capsu-
lar imbrication or reinforcement from the coracoacromial
ligament. However, the nonanatomic nature and complica-
tion rates of 6% to 7% make it a suboptimal option for stan-
dardized use in patients without significant bone loss.13

In our study, the Latarjet procedure restored the force
ratio to the native state but failed to restore lateral trans-
lation. In contrast, the presented ALCOT restored both. It
seems that lateral translation could be directly or indi-
rectly dependent on the bumper-like function of the capsu-
lolabral complex. While labral reconstruction is a well-
established concept for the hip joint, there is a paucity of
literature on static labral reconstruction.29 Thus, we found
no previous biomechanical evaluation in the literature to
directly compare our results with. Acar et al1 reported 2
case reports in which the biceps tendon was used for labral
reconstruction with promising preliminary results. Lobao
et al20 reported the biomechanical results of biceps aug-
mentation to Bankart repair for chronic anterior instabil-
ity, with close to native restoration of the glenohumeral
position. The Latarjet procedure remained superior in sce-
narios with .20% critical bone loss.20 Although that inves-
tigation was different than the present study, the results
seem to be comparable.

Evaluating labral reconstruction with other tendons
than the LHBT for patients with recurrent instability,
Dewing et al9 reported the outcomes of anterior labral
reconstruction using a semitendinosus or tibialis anterior
allograft. Their study included patients with massive ante-
rior instability in 20 shoulders, with 14 remaining stable
after 3.8 years of follow-up and 6 shoulders failing, thus
requiring revision surgery (3 underwent revision stabiliza-
tion with tibialis anterior tendon allografts, 1 underwent
glenohumeral fusion, and 2 underwent Latarjet proce-
dures). The authors concluded that labral reconstruction
may be used as a salvage procedure for young patients
with end-stage shoulder instability or collagen disorders.9

Even though Dewing et al9 presented a high revision
rate, their preliminary clinical results are strengthened
by the biomechanical evaluation of our study. The ALCOT
restored the force ratio and lateral translation to the native
state. Benefits of the present study include the argument
for the use of an autologous tendon without the need to
detach the tendon from its origin, the risk of harvest mor-
bidity, or additional surgery on the leg. The negative clin-
ical effects of biceps tenodesis have been shown to be
minimal from a biomechanical perspective.12,32

Applicable clinical scenarios for this technique range
from failed arthroscopic Bankart repair to treating ante-
rior labral periosteal sleeve avulsion lesions and poor

labral tissue that is insufficient for Bankart repair. In
addition to our investigation, it is important to also evalu-
ate previously studied dynamic approaches. Willard35

shuttled the LHBT through a transhumeral drilled tunnel
to prevent anterior dislocations, they evaluated the tech-
nique in a case series of 10 shoulders, observing only 1 fail-
ure. Similarly, Collin and Lädermann7 utilized a proximal
tenotomized LHBT, shuttling it through the SSC tendon
and attaching it to the anterior glenoid, thus creating
a sling around the SSC tendon. Mehl et al23 reported less
relative anterior translation than isolated Bankart
repair with this technique. The dynamic LHBT sling and
dynamic conjoint tendon sling techniques could reduce
anteroinferior translation and partially restore glenohum-
eral stability in patients with anterior shoulder instability
with 20% anteroinferior glenoid defects compared with
Bankart repair.14 No comparison between static and
dynamic stabilization techniques could be found in the
literature.

Limitations

This study has several limitations that should be consid-
ered when interpreting the data. First, muscle and capsu-
loligamentous tension could not be evaluated because of
our study’s cadaveric design. However, by repairing the
shoulder capsule and SSC tendon in each state of testing,
the integrity of the static stabilizers and capsuloligamen-
tous complex was restored. Second, the cadaveric setup
did not include muscle forces, indicating that the conjoint
tendons were not directly loaded in the comparative Latar-
jet procedure state. To mitigate this, the insertions of the
coracobrachialis and short head of the biceps tendon
were left intact and attached to the coracoid process while
repairing the SSC tendon to maintain the static sling effect
of these structures crucial to the Latarjet procedure. Third,
the specimens did not have any bone loss, making it
unclear whether the procedure will work in patients with
subcritical bone loss. Fourth, there remains the possibility
of a type 2 error because of the small number of specimens.
Last, the present study reports the force ratio and degree
of humeral displacement at time zero, as is typical for bio-
mechanical studies. Additional in vivo studies are needed
to interpret the healing response of the LHBT with the
ALCOT and the subsequent changes that may or may
not occur.

CONCLUSION

In our study, the ALCOT restored anteroinferior gleno-
humeral stability. Biomechanically, the ALCOT restored
the force ratio and lateral translation to native values.
Thus, the ALCOT may be an alternative salvage treatment
option in chronic instability cases with degenerated or defi-
cient labral tissue without glenoid bone loss. The Latarjet
procedure restored the force ratio compared to the native
state but not lateral translation of the humeral head.
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