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Background: In the Latarjet procedure, the ideal placement of the coracoid graft in the medial-lateral position is flush with the
anterior glenoid rim. However, the ideal position of the graft in the superior-inferior position (sagittal plane) for restoring glenohum-
eral joint stability is still controversial.

Purpose: To compare coracoid graft clockface positions between the traditional 3 to 5 o’clock and a more inferior (for the right
shoulder) 4 to 6 o’clock with regard to glenohumeral joint stability in the Latarjet procedure.

Study Design: Controlled laboratory study.

Methods: A total of 10 fresh-frozen cadaveric shoulders were tested in a dynamic, custom-built robotic shoulder model. Each
shoulder was loaded with a 50-N compressive load while an 80-N force was applied in the anteroinferior axes at 90� of abduction
and 60� of shoulder external rotation. Four conditions were tested: (1) intact, (2) 6-mm glenoid bone loss (GBL), (3) Latarjet pro-
cedure fixed at 3- to 5-o’clock position, and (4) Latarjet procedure fixed at 4- to 6-o’clock position. The stability ratio (SR) and
degree of lateral humeral displacement (LHD) were recorded. A 1-factor random-intercepts linear mixed-effects model and Tukey
method were used for statistical analysis.

Results: Compared with the intact state (1.77 6 0.11), the SR was significantly lower after creating a 6-mm GBL (1.14 6 0.61,
P = .009), with no significant difference in SR after Latarjet 3 to 5 o’clock (1.51 6 0.70, P = .51) or 4 to 6 o’clock (1.55 6 0.68,
P = .52). Compared with the intact state (6.48 6 2.24 mm), LHD decreased significantly after GBL (3.16 6 1.56 mm,
P \ .001) and Latarjet 4 to 6 o’clock (5.48 6 3.39 mm, P \ .001). Displacement decreased significantly after Latarjet 3 to 5
o’clock (4.78 6 2.50 mm, P = .04) compared with the intact state but not after Latarjet 4 to 6 o’clock (P = .71).

Conclusion: The Latarjet procedure in both coracoid graft positions (3-5 and 4-6 o’clock) restored the SR to the values measured
in the intact state. A more inferior graft position (fixed at 4-6 o’clock) may improve shoulder biomechanics, but additional work is
needed to establish clinical relevance.

Clinical Relevance: An inferior coracoid graft fixation, the 4- to 6-o’clock position, may benefit in restoring normal shoulder bio-
mechanics after the Latarjet procedure.
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A solid body of evidence demonstrates favorable long-term
clinical outcomes and low rates of recurrent instability for

coracoid transfer during the Latarjet procedure.1-3,8,11 This
surgery is widely regarded as the gold standard for the sur-
gical treatment of recurrent shoulder instability with con-
comitant critical glenoid bone loss (GBL). Despite novel
surgical techniques relying on free bone block trans-
fers,8,25,30 the clinical relevance of the Latarjet procedure
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persists due to its biomechanically advantageous dynamic
sling effect with well-documented, long-term outcomes.19,32

While clinical outcomes have been reported to be favor-
able,2 enabling return-to-play rates up to 94% to 97%1,5

and sustained long-term success,11,19 meta-analyses data
report failure rates of up to 6.2%3,8 and complication rates
as high as 16.1%.3 Factors predictive of successful outcome
include patient-specific factors4,7 as well as technical fac-
tors such as fixation type,23 number of screws,7 positioning
of screws,23,26 handling of the subscapularis muscle,2 cap-
sular management,2 bone block orientation,17 and bone
block positioning.7,13 In particular, the coracoid graft posi-
tion represents a cornerstone of successful results across
all technical variations of the Latarjet procedure, as it
influences both glenohumeral stability and osseous
union7,10,19 as well as progression to osteoarthritis.10,19

While convincing evidence suggests a fixation of the bone
block flush with the glenoid cartilage in the mediolateral
orientation,7,9,19 evidence on the optimal position of the
bone block on the glenoid clockface is still up for debate.
Grafts malpositioned too superior or too inferior on the sag-
ittal plane have been associated with recurrent instabil-
ity.7,13 While previous biomechanical evidence confirms
the greatest effect on the restoration of shoulder stability
with a coracoid graft position at 4 o’clock,21 it remains
unclear whether a more superior coracoid graft position
at 3 o’clock or inferior position at 6 o’clock is superior in
restoring glenohumeral instability.

The aim of this biomechanical investigation was to com-
pare a coracoid graft clockface position between the tradi-
tional position of 3- to 5-o’clock and a more inferior
coracoid graft position of 4- to 6-o’clock (on the glenoid sur-
face) with regard to glenohumeral joint stability in the
Latarjet procedure. It was hypothesized that a coracoid
bone block position between 4 and 6 o’clock would be supe-
rior in restoring glenohumeral stability compared with the
traditional 3- to 5-o’clock position.

METHODS

Specimen Preparation

A total of 10 fresh-frozen cadaveric shoulders from 7 men
and 3 women (mean age, 52.4 years; range, 41-65 years)
were tested in this study. The specimens were first donated

to a tissue bank for medical research and subsequently
purchased by our institution. Specimens were excluded
based on age .65 years, history of shoulder surgery, oste-
oarthritis, degenerative joint disease, or healed fracture
malunions. The shoulders were thawed at room tempera-
ture overnight before testing. Institutional review board
approval was not required for the use of cadaveric speci-
mens at our institution.

Skin, subcutaneous tissue, and all muscle distal to the
deltoid were removed. The capsule, rotator cuff muscula-
ture, and insertion of coracobrachialis and short head of
biceps were left intact on the humerus to restore the sling
effect.32 For the scapula, the clavicle was removed, and the
origins of the rotator cuff muscles were left intact. The
medial aspect of the scapula was potted in a rectangular
mold with polymethyl methacrylate (PMMA; Fricke Den-
tal) with the medial border of the scapula parallel to the
horizontal plane. The lateral shaft of the humerus was pot-
ted 10 mm below the coracobrachialis and the short head
of biceps inserted in a cylindrical mold. The specimens
were moistened by spraying saline solution every
20 minutes throughout preparation and testing and immedi-
ately before any test. Each scapula was clamped rigidly to
a custom fixture mounted to a 6-axis universal force-torque
sensor (ATI, Apex) on a pedestal. Each humerus was
clamped rigidly to a custom fixture mounted to the end effec-
tor of a 6-degrees of freedom (DOF) robot (KUKA KR60) (Fig-
ure 1). SimVITRO software was used to control the robot. A
joint coordinate system was established by digitizing land-
marks using a coordinate measuring machine (Romer Abso-
lute arm, Hexagon Metrology) according to the standards of
the International Society of Biomechanics.29

Surgical Technique

The surgical procedure was performed by 3 certified ortho-
paedic and orthopaedic trauma surgeons for all specimens
(P.G., M.D.H., and R.-O.D.H.). Four conditions were
tested: (1) intact, (2) 6-mm GBL, (3) Latarjet procedure
fixed at 3- to 5-o’clock position, and (4) Latarjet procedure
fixed at 4- to 6-o’clock position (Figure 2).

Intact State. The coracoid process and conjoint tendon
were identified. The coracobrachialis and short head of
biceps insertion and attachment were left intact to main-
tain the sling effect. The coracoacromial ligament and
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pectoralis minor were transected from the coracoid, leaving
only the conjoint tendon (Figure 2A).

Glenoid Bone Loss. The subscapularis tendon (SSc) was
identified. Next, the SSc split between the upper one-third
and lower two-thirds of the SSc was created sharply along
its fiber from the humeral insertion to the musculotendi-
nous junction. The anterior capsule was then identified
carefully and opened in a horizontal fashion to facilitate
glenoid exposure. To stimulate a critical-size glenoid
defect, a 6-mm defect was planned and cut from the 3-
o’clock position (right shoulder), parallel to the long axis
of the glenoid, using an oscillating saw (Figure 2B).24

The 6-mm defect of the glenoid width was demonstrated
biomechanically in a previous study to be the critical size
of the glenoid defect.33 After creating sufficient GBL, the
capsule and SSc were repaired with No. 2 nonabsorbable
suture (FiberWire Suture, Arthrex)

Latarjet Procedure Fixed at 3- to 5-o’clock position. A
coracoid graft was harvested at the level 23 mm proximal
to the anterior tip of the coracoid process using an oscillat-
ing saw with the conjoint tendon left attached. The inferior
edge of the coracoid was corticated to facilitate graft fixa-
tion. The screw positions were determined by dividing
the lower-half glenoid (below 3 o’clock) into 4 quadrants
(Q1-Q4), starting from the 3-o’clock position for the
right shoulder (Figure 3). Thereafter, the coracoid bone
block was fixed into the standard 3- to 5-o’clock position (right
shoulder and superior position) using 2 3.75 mm–cannulated,

partially threaded titanium screws with washers (Arthrex) at
the location of Q1 and Q2 (Figure 2C and Figure 3).

Latarjet Procedure Fixed at 4- to 6-o’clock position. The
coracoid bone block was fixed at the 4- to 6-o’clock position
(right shoulder and inferior position) using 2 3.75 mm–
cannulated, partially threaded titanium screws with washers
(Arthrex) at locations Q2 and Q3 (Figure 2D and Figure 3).

Biomechanical Testing

Each specimen underwent biomechanical testing in 4
states: (1) intact, (2) (GBL), (3) Latarjet procedure fixed
at 3- to 5-o’clock position, and (4) Latarjet procedure fixed
at 4- to 6-o’clock position. During all tests, the shoulder
joint was maintained in 90� of humerothoracic abduction.
This position corresponded to 53� of elevation, 58� of exter-
nal rotation, and -18� of the plane of elevation in the gleno-
humeral coordinate system, as described by Ludewig
et al.16 In the native state, each specimen underwent an
initial test to determine the appropriate amount of anterior
and inferior displacement for future tests. In this 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. The corresponding
anterior and inferior displacements were recorded. Then,
in each state of measurement (GBL, Latarjet procedure
fixed at 3 to 5 o’clock and 4 to 6 o’clock), including intact
state, a dislocation test was performed at the position of
the initial test. In this test, a 50-N compressive load was
maintained while the joint was driven in position control
to the previously recorded positions on the anterior and
inferior axes. The amount of force (anteroinferior force)
needed to translate the shoulder throughout this motion
was recorded. This methodology was used to measure
shoulder stability based on the amount of force needed to
cause a dislocation event, while ensuring that testing
remained nondestructive to match the repeated measures
design of our experiment.

Outcome Measures

Two outcome measures were analyzed. The first was the
amount of lateral displacement of the humeral head that
occurred during the dislocation. For this measurement,
the seated position of the humerus in the glenoid repre-
sented 0 mm of lateral translation. As the humerus dislo-
cated, it could not travel in a straight line anteriorly and
was instead forced laterally to maintain a constant compres-
sion force of 50 N. Therefore, lateral displacement repre-
sents the height of the glenoid rim that needed to be
overcome by the humerus for the shoulder to dislocate, so
higher lateral translation represents more stability.20,32

The second was the stability ratio (SR), which was the
amount of anteroinferior force needed to dislocate the shoul-
der 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.6,31

With more compression, the joint requires more force in
the sagittal plane to dislocate. In the dislocation test, the

Figure 1. Testing setup. The medial aspect of the scapula
was potted in a rectangular mold with polymethyl methacry-
late with the medial border of the scapula parallel to the hor-
izontal plane. The lateral shaft of the humerus was potted
10 mm below the coracobrachialis and the short head of
biceps was inserted in a cylindrical mold. Each scapula
was rigidly clamped to a custom fixture mounted to a 6-
axis universal force-torque sensor on a pedestal. Each
humerus was clamped rigidly to a custom fixture mounted
to the end effector of a 6-degrees of freedom (DOF) robot.
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target compression force was set to 50 N, but based on the
system dynamics and the control algorithm, the actual com-
pressive force did not track 50 N perfectly. By looking only
at the total amount of force in the sagittal plane, the dislo-
cation force recorded would depend on the speed of the
motion and the efficacy of the control algorithm at tracking
50 N of compressive load. By normalizing the sagittal plane
load to the compressive load, we obtain an SR, which is less
dependent on the specific parameters of our control algo-
rithm and our specific testing setup and more generalizable
to any amount of compressive force.

Statistical Analysis

To match the repeated measures design of the study, 1-fac-
tor random-intercepts linear mixed effects models were
used to compare specimen states. A separate model was
made for each of the 2 primary outcome measures: lateral
humeral head displacement (mm) and force ratio. An

unstructured covariance matrix was assumed for all linear
mixed effects models. Estimated marginal means were
reported, and Tukey’s method was used to make all pair-
wise comparisons among the 4 shoulder states. Residual
diagnostics were inspected to ensure model fit and those
assumptions were met. The statistical software R Version
4.0.0 was used for all plots and analyses (accessed May
20, 2020; R Core Team; with additional packages lmer
and emmeans). The required sample size was calculated
under experimental conditions of small effect size (0.26),
an average correlation of 0.8, and an alpha of 0.05. A min-
imum of 8 specimens was needed to show a significant dif-
ference in the outcome variables with a power of 80%. P
values \.05 were considered statistically significant.

RESULTS

SR decreased significantly (P = .009) after creating a 6-mm
glenoid bone defect (1.14 6 0.61) compared with the intact

Figure 2. Right cadaveric shoulder demonstrating the surgical technique in each testing state. (A) Intact state; the coracoid pro-
cess, C, and the conjoint tendon, Con, were identified. The coracobrachialis and short head of biceps insertion and attachment, #,
were left intact to maintain the sling effect. (B) In the GBL state, a 6-mm defect was planned and cut from the 3-o’clock position
(right shoulder) parallel to the long axis of the glenoid (G). For the Latarjet procedure fixed at (C) 3- to 5-o’clock position and (D) 4-
to 6-o’clock position, the coracoid bone block (&) was fixed using 2 3.75-mm cannulated, partially threaded titanium screws. The
capsule (Cap) and subscapularis tendon (SSc) were repaired with No. 2 nonabsorbable suture after completing in each state.
GBL, glenoid bone loss; H, humerus; Sca, medial border of scapular; Pm, pectoralis minor.
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state (1.77 6 0.11). Compared with the intact state, there
was no significant difference in SR between Latarjet fixed
at 3- to 5-o’clock position (1.51 6 0.70) and 4- to 6-o’clock
position (1.55 6 0.68) (P = .51 and P = .62, respectively).
Furthermore, there was no significant difference between
the 2 coracoid graft positions, Latarjet fixed at 3- to
5-o’clock and 4- to 6-o’clock positions (P = .99) (Figure 4).

The lateral humeral displacement (LHD) decreased sig-
nificantly in the GBL state (3.16 6 1.56 mm) compared
with the intact state (6.48 6 2.24 mm; P \ .001) and the
Latarjet fixed at 4- to 6-o’clock position (5.84 6 3.39 mm;
P \ .001). The LHD decreased significantly after the per-
formance of the Latarjet procedure fixed at 3- to 5-o’clock
position (4.78 6 2.50 mm; P = .04) compared with the
intact state but not with the Latarjet procedure fixed at
4- to 6-o’clock position (P = .71). There was no significant
difference in LHD between the 2 coracoid graft positions,
Latarjet fixed at 3- to 5-o’clock and 4- to 6-o’clock positions
(P = .32) (Figure 5).

DISCUSSION

The most important finding of this study was that the
Latarjet procedure in both coracoid graft positions (3-5
and 4-6 o’clock) restored the SR to the values measured
in the intact state (1.51 6 0.70, P = .51 and 1.55 6 0.68,

P = .52, respectively). The LHD decreased significantly
after the GBL state (3.16 6 1.56 mm, P \ .001) and the
Latarjet procedure fixed at the standard 3- to 5-o’clock
position (4.78 6 2.50 mm, P = .04) compared with the
intact state (6.48 6 2.24 mm); however, the LHD was

Figure 3. Schematic drawing of the glenoid of a right shoul-
der. Screw positions were determined by dividing the glenoid
into 4 quadrants (Q) starting from the 3-o’clock position.
Next, the coracoid bone block was fixed into the standard
3- to 5-o’clock position at the location of Q1 and Q2, while
the coracoid bone block was fixed at the location of Q2
and Q3 for the Latarjet procedure fixed at the 4- to 6-o’clock
position.

Figure 4. Graph showing mean SR at each testing state.
Error bars represent standard deviations. *Statistically signif-
icant difference compared with the intact state (P \ .05). SR,
stability ratio.

Figure 5. Graph showing the mean LHD at each testing
state. Error bars represent standard deviations. Statistically
significant difference compared with *intact state and
**bone loss state (P \ .05). LHD, lateral humeral
displacement.
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restored to the intact level after the Latarjet procedure
fixed at the 4- to 6-o’clock position (P = .71). Thus, in terms
of the SR, both coracoid graft positions restored shoulder
stability to close to the native state. With the more inferior
position, the Latarjet procedure fixed at the 4- to 6-o’clock
position may improve the shoulder biomechanics in terms
of LHD.

The fundamental purpose of the Latarjet procedure is to
provide shoulder stability through the triple blocking
effect, which includes the sling effect from the conjoint ten-
don on the subscapularis tendon, the ligament effect after
repairing the coracoacromial ligament into the capsule,
and the bone effect by restoring the glenoid arc.19,22 How-
ever, a biomechanical evaluation of glenohumeral instabil-
ity has several limitations due to missing muscle forces
and capsuloligamentous laxity in cadaveric models. In
the presented study, the 6-axis Kuka robot imitated the
so-called abduction and external rotation (ABER) shoulder
position in all planes. Further, the SR calculated through
the peak translation force divided by the applied compres-
sive force represents the glenohumeral joint stability pro-
vided by the bony structures.

The accurate placement of the coracoid bone graft rela-
tive to the glenoid margin is one of the key elements for
a successful Latarjet procedure. There are increased redis-
location rates for graft placement in too medial a position
(.1 cm) and increased osteoarthritis rates associated with
placing the graft too lateral a position.10 The ideal position
of the graft in the medial-lateral position is flush with the
anterior glenoid rim. However, the ideal position of the graft
in the superior-inferior position (sagittal plane) for restoring
glenohumeral joint stability is still not well studied. Histori-
cally, technical paradigms suggested a strictly anterior cora-
coid graft position of the graft on the glenoid clockface.15

Many studies recommend positioning the graft below the
equator (3 o’clock, right shoulder) or between 2 and 5 o’clock
(right shoulder) in the sagittal position, matching the typical
direction of instability as well as associated GBL and
cartilage injury.12-14,18,27 Nourissat et al21 compared the
Bristow-Latarjet coracoid graft position between the 3-, 4-,
and 5-o’clock position (medial, anteroinferior, and inferior
positions) and showed that the anterior displacement was
significantly lower in the 4-o’clock position compared with
the 3- or 5-o’clock position in adduction and external rotation
position (P = .03). However, they did not reach statistical sig-
nificance in the ABER shoulder position, which is the most
common position for dislocation.21 Their result also demon-
strated less inferior displacement in the 4-o’clock position
compared with the 3- or 5-o’clock position (P = .032).21 How-
ever, the 3-o’clock graft position in their study was higher
than the equator (3 o’clock), and the inferior end of the
5-o’clock graft position was placed between the 5- and
6-o’clock positions. In the present study, the lower half of
the glenoid was divided into 4 quadrants for screw positions
to facilitate coracoid placement according to clockface posi-
tions. This was done to ensure the coracoid graft was placed
in the 3- to 5- and 4- to 6-o’clock positions. The findings from
the present study also show that there was no significant dif-
ference in SR between the standard 3- to 5-o’clock and 4- to
6-o’clock position in the vulnerable ABER shoulder position.

There have been reports showing that a more superior
graft position may provide superior clinical results in
hyperlaxity patients due to a more pronounced sling
effect.21,34 Gasbarro et al7 retrospectively reviewed all revi-
sion cases (83 patients) after primary coracoid process
transfer, showing that placing the screw inferior to the
5-o’clock position increased the risk of failure (17 out of
83 patients). However, this conclusion was drawn based
on the case series, and there was no direct comparison
between the ideal graft position and the inferior graft posi-
tion. In the present study, it was demonstrated that there
was no difference in the SR between these 2 positions (3- to
5- and 4- to 6-o’clock positions). Additional clinical evidence
in terms of clinical outcomes and risks of failure is needed to
confirm the favorable results reported after a more inferior
graft position (4- to 6-o’clock position); in particular, the
effect of the more inferior graft position and corresponding
decreased tension on the conjoint tendons and its possible
neurologic effects should be investigated. Recently, a biome-
chanical study by Wermers et al28 showed that, apart from
the glenoid defect size, glenoid concavity was a significant
predictor of SR. Therefore, corporate glenoid concavity and
the defect size for clinical decision-making for recurrent
shoulder instability may be helpful.

Limitations

The current study had several limitations. First, the SR
was selected as the primary outcome and the means of
evaluating shoulder stability. Besides the capsuloligamen-
tous complex and muscle activities, bony stability is one of
the stabilizing mechanisms of the shoulder. There was no
load in the muscle to reflect the in vivo muscle activity in
this cadaveric study and only one level of subscapularis
split. Moreover, the laxity of the joints was not standard-
ized. However, we reduced these confounders by repairing
the shoulder capsule and subscapularis tendon in each test-
ing state to restore the integrity of the capsuloligamentous
complex. Second, the sling effect is one of the key factors
critical to the success of the Latarjet procedure. There was
no load applied to the conjoint tendon or subscapularis mus-
cle to avoid damage inflicted by loading the cadaveric shoul-
der with in vivo forces. Despite that, the insertions of the
coracobrachialis and short head of biceps at the coracoid
process, as well as the attachment of the coracobrachialis
at the humerus, were preserved while repairing the subsca-
pularis tendon to restore the sling effect of the Latarjet pro-
cedure. Finally, this study investigated the SR and the
degree of humeral displacement at the time zero. Additional
in vivo studies may be beneficial to understand the effects
such as outcomes, impingement symptoms, or risk of failure
after inferior coracoid graft position at the 4- to 6-o’clock
position in the Latarjet procedure.

CONCLUSION

The Latarjet procedure in both coracoid graft positions (3-
to 5- and 4- to 6-o’clock positions) restored the SR to the
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values measured in the intact state. A more inferior
graft position (fixed at 4-6 o’clock) may improve shoulder
biomechanics, but additional work is needed to establish
clinical relevance.
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