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Purpose: To determine the location of the subscapularis split during arthroscopic Latarjet created by an inside-out
technique passing a switching stick from the posterior portal across the glenohumeral joint. Methods: An inside-out
technique was used to arthroscopically create a subscapularis split in 20 fresh-frozen human cadaveric shoulders. The
distance between the exit point of the switching stick and the upper border of the subscapularis and the anterior
circumflex vessels was measured arthroscopically and after open dissection. Results: Twelve splits were in the upper third
of the subscapularis, 3 were at the junction of the upper third and the middle third, and 5 were in the middle third. None
were at the junction between the middle and lower third as desired. Conclusions: Using the inside-out method during
arthroscopic Latarjet may produce a high subscapularis split if it is performed from with a switching stick that is inserted
through the posterior approach, and passed across the glenohumeral joint at the level of the inferior glenoid. Clinical
Relevance: This study analyzed the relative risk of high subscapularis split during the arthroscopic Latarjet procedure.

T he open Latarjet procedure has shown to have
excellent and reproducible results in recurrent

shoulder instability.1 The development of arthroscopic
techniques has inevitably led toward an all-arthroscopic
Latarjet procedure2,3 that has theoretical advantages
such as improved visualization and treatment of

associated lesions. Although early results were encour-
aging,4 recent studies have highlighted a significantly
higher rate of complications, an arduous learning curve,
and various dangers related to this procedure.5

One of the challenges of arthroscopic Latarjet is per-
forming the subscapularis split for the delivery of the graft
into the glenohumeral joint. With an open approach,
direct visualization of the subscapularis muscle fibers al-
lows a precise horizontal split, typically performed at the
inferior third of the muscle.6 However, with an arthro-
scopic approach, visualization of the entire subscapularis
is more challenging due to the arm position, the inability
to see the subscapularismuscle belly intra-articularly, and
the fact that the side view obtained with the 30! or 70!

arthroscope may lead to distortion. One technique for
establishing the level of the split is to use an inside-out
approach by inserting a switching stick through the pos-
terior portal, passing across the glenohumeral joint at the
level of the glenoid defect, and then advancing through
the subscapularis with the arm in gentle traction.2,3 Yet,
the level of the split with inside-out and outside-in
techniques has not been well studied.
The aim of this cadaveric study was to determine the

location of the subscapularis split during arthroscopic
Latarjet created by an inside-out technique passing a
switching stick from the posterior portal across the
glenohumeral joint. The hypothesis was that an inside-
out split would occur at the junction of the middle and
inferior third of the subscapularis.
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Methods

Study Design
Twenty fresh-frozen human cadaveric shoulders were

used. No institutional review board approval was
required for a cadaveric study at our institution. The
mean donor age was 61.2 " 9.6 years (range, 32-
74 years). Nine of the donors were male, and 11 were
female. The specimens were mounted in a simulated
semiebeach-chair position, secured with a clamp on
the medial scapula, and mounted onto an aluminum
frame with the arm in gentle traction in neutral
elevation. Cadavers with previous shoulder surgery or a
full thickness rotator cuff tear were excluded.

Subscapularis Split Technique
Two surgeons (A.L. and J.B.) performed the sub-

scapularis splits. A standard 3-portal technique was
used to perform the study (posterior, anterosupero-
lateral, and anterior portals). The posterior portal was
established at the “soft spot” 2 cm inferior and 1 cm
medial to the posterolateral edge of the acromion.
Anterosuperolateral and anterior working portals were
then established with an outside-in technique.7 The
rotator interval was opened to visualize the superior
tendinous border of the subscapularis for later mea-
surement, to have instrument access, and to assess the
internal structures (rotator cuff, glenoid defects, hu-
meral defects, humeral avulsion glenohumeral liga-
ment, etc.). The glenoid neck was not abraded. The
subcoracoid space was cleared to obtain complete
visualization of the subscapularis and lateral margin of
the conjoint tendon. The 30! arthroscope was moved to
the anterosuperolateral portal. A switching stick was
inserted through the posterior portal and the previous
capsulotomy (without a cannula), passed across the
glenohumeral joint at the level of the inferior glenoid
(6 o’clock position, Fig 1),2 and advanced through
subscapularis to establish the level of split. After passing
through the subscapularis, the arthroscope was moved
to the subcoracoid space, and under direct visualization,
the switching stick was passed lateral to the conjoint
tendon to protect the neurovascular structures.
After creation of the split site, 2 independent

fellowship-trained arthroscopic shoulder surgeons (P.A.
and P.N.) analyzed the location. First, while viewing
from the anterosuperolateral portal, a 70! measure-
ment probe (Arthrex, Naples, FL) was inserted from the
anterior portal and used to measure the distance of the
split from the superior border of the subscapularis
tendon (Fig 2). Then open measurements were per-
formed. The skin and deltoid were removed to reveal
the rotator cuff, the switching stick, and the split. The
bursa and the clavipectoral fascia were completely
removed, and the conjoint tendon and the pectoralis
minor were cut to accurately view the subscapularis

and surrounding structures. Based on a previous
report,8,9 the anterior circumflex vessels were consid-
ered to represent the inferior border of the sub-
scapularis, because these vessels appear to be a reliable
arthroscopic landmark. Three measurements were
performed with a ruler: (1) the distance of the split from
the superior border of the subscapularis tendon, (2) the
distance of the split from the anterior circumflex ves-
sels, and (3) the total length of the subscapularis from
superior to inferior at the level of the split (Fig 3).
Measurements were performed one time by one
examiner and confirmed by a second examiner who
was observing the measurement. The location of the
split was also classified as upper third, middle third, or
lower third. The relation of the subscapularis muscle to
axillary and subscapular nerves was not analyzed
because it has already been the subject of a previous
study.9

Statistical Analysis
The descriptive analysis consisted of frequencies and

percentages for discrete data. Means and standard de-
viations were used for continuous data. Statistical
analysis was performed by a trained statistician. The
arthroscopic and open measurement of the level of split
relative to the superior border of the subscapularis
tendon was compared with a signed rank test because
the difference between the two was not normally
distributed. A t-test was used to compare the sub-
scapularis length based on gender. P values of < .05
were considered significant.

Results
No specimens required exclusion. The mean length of

the subscapularis was 52.7 " 7.1 mm (range, 40-
65 mm). The length was significantly larger in males
compared with females (56.3 vs 49.7, P ¼ .034). The
mean distance from the superior border of the sub-
scapularis and the exit point of the switching stick
was 17.9 " 5.1 mm (range, 10-33 mm) based on the
open measurement versus 16.4 " 4.9 mm (range,

Fig 1. Intraoperative view of a right shoulder with passage of
the switching stick (blue arrow) across the glenohumeral joint
at the level of the inferior glenoid to the subscapularis (red
arrow). (HH, humeral head.)
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11-34 mm) based on the arthroscopic measurement
(P ¼ .0259). The mean distance from the split to the
anterior circumflex vessels was 34.9 " 5.9 mm (range,
20-46 mm). Twelve (60%) splits were in the upper
third of the subscapularis, 3 (15%) were at the junction
of the upper third and the middle third, and 5 (25%)
were in the middle third. None were at the junction
between the middle and lower third as desired.

Discussion
The findings of the current study refute our hypoth-

esis that an inside-out split through a posterior portal

would occur at the junction of the middle and inferior
thirds of the subscapularis. Understanding the factors
associated with the level of the subscapularis split dur-
ing arthroscopic Latarjet is important for the effective-
ness of the procedure. There are several implications of
this study that may be used to improve the location of
the split arthroscopically in the future.
The most common recommendation for location of

the subscapularis split during Latarjet is the junction of
the middle and inferior third. This level has been felt to
be the ideal tension for the sling effect of the conjoined
tendo.6 Varying the level of this split may have several
consequences. First, a high split makes the procedure
more difficult as the superior part of the subscapularis is
mainly tendinous compared with the lower muscular
part.8 Second, a high split increases tension on the
conjoint tendon and a low split may lead to inadequate
tension. A high split may explain the more difficult
recovery of external rotation that has been observed
after arthroscopic Latarjet compared with open Latar-
jet.10 A high split may explain the higher positioning of
the graft compared with that seen with the open
technique.11 Finally, a high split may increase tension
on the graft fixation and may account for the higher
rate of nonunion that has been reported with arthro-
scopic Latarjet.11

Initial technical descriptions of arthroscopic Latarjet
recommended using a switching stick to determine the
level of the split.3,12 The latter may be based on the
starting point or capsular penetration point posteriorly,
the bare area, the inferior glenoid, or the level of the
glenoid defect. However, our study indicates that these
common intra-articular landmarks may be inadequate
and lead to a split that is too superior. Despite using the
inferior glenoid as a landmark, in no cases did the split
occur at the desired position. In fact, in 75% of cases

Fig 3. Anterior view after
dissection from a right shoul-
der. (A) Anterior measure-
ment with a paper ruler (green
arrow) of the distance from the
exit point of the switching stick
(blue arrow) to the upper
border of the subscapularis
(red arrow). (B) Measurement
(green arrow) of the distance
from the exit point of the
switching stick (blue arrow)
relative to the anterior
circumflex vessels (red arrow).
Note that the inferior switch-
ing stick (white asterisk) was
only used as a retractor. (CA,
coracoacromial ligament.)

Fig 2. Intraoperative view of a right shoulder. Measurement
(green arrow) of the posterior distance between the entry
point of the switching stick (blue arrow) and the upper border
of the subscapularis (red arrow). * indicates the middle gle-
nohumeral ligament.
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our split occurred at the junction of the upper and
middle thirds or above. A few factors may explain the
discrepancy between our split and the desired position.
First, the position of the arm between an open and an
arthroscopic Latarjet is different. With an open
approach, the entire subscapularis is exposed and often
the arm is in slight elevation and maximal external
rotation. Such elevation shifts the subscapularis supe-
riorly and facilitates the split at the appropriate level.
However, this maneuver is arthroscopically limited
because of joint space reduction related to external
rotation and humeral head anterior subluxation. In
fact, it has been previously recommended during
arthroscopic Latarjet to apply gentle traction to the
arm,3 which leads to a lowering of the humeral head
and subscapularis. Secondly, our findings may have
been affected by the fact that this was a cadaveric study.
It is possible that there was a “sag” effect in which the
subscapularis was somewhat lowered relative to its
normal position. Nonetheless, we believe from our
observations of magnetic resonance imaging that our
findings in this cadaveric study are consistent with the
normal position of the subscapularis relative to the
glenoid (Fig 4).
Several options may exist for improving arthroscopic

creation of the subscapularis split. As highlighted by

previous authors,12,13 an outside-in approach is one
option. Based on our results, a subscapularis split per-
formed at approximately 35 mm in males and 30 mm in
females from the upper border of the tendon would
place the split at the superior two-thirds and inferior
one-third junction. Therefore, with an outside-in
approach, one option is to use these vessels as a land-
mark. However, such an approach requires dissection
of the lower part of the subscapularis and may put the
circumflex vessels and axillary nerve at risk. Another
option that may hold promise arthroscopically is to use
an arthroscopic measurement probe to determine the
level of the split. This approach could be used to locate
the desired position without excessive dissection and
may be safer arthroscopically. In addition, arm position
and arthroscopic retractors may be helpful.12 As
mentioned above, contrary to previous recommenda-
tions, it seems logical to elevate the arm as much as
possible during an arthroscopic approach so as to raise
the subscapularis. This is easier to perform in the beach-
chair position compared with the lateral decubitus po-
sition, and we therefore believe that in addition to other
advantages, the beach-chair position is ideal for
arthroscopic Latarjet. Finally, we did not use arthro-
scopic retractors in our study, and such instruments
may improve inferior exposure to facilitate the location
of the split.

Limitations
There are several limitations to this study that war-

rant discussion. First, the sample size was small. Sec-
ond, the surgical technique is evolving and slight
traction of the arm is not promoted by all surgeons.13

Third, this cadaveric study was only of the shoulder
girdle and did not take into account muscle tone. Ca-
davers may present a more accentuated inferior hu-
meral head translation due to loose soft tissue
structures that could bias the measures. Nevertheless,
muscle relaxation is often promoted by anesthesia13

and we anticipated this potential factor by introducing
the switching stick not at the bare area but at the lower
inferior glenoid level (9 o’clock position). Fourth, we
did not evaluate the position of the split based on
different arm positions. Fifth, as mentioned above, we
did not use arthroscopic retractors that may have the
potential to improve inferior visualization of the sub-
scapularis. Finally, the split in this study was created in
a systematic fashion for study purposes. However, it is
possible that visualization of the inferior border of the
subscapularis tendon during advanced of the switching
stick could be used to modify the location of the split.

Conclusions
Using the inside-out method during arthroscopic

Latarjet may produce a high subscapularis split if it is
performed from with a switching stick that is inserted

Fig 4. Sagittal view of a left shoulder in T1 sequence with an
illustration of the direction of a switching stick. The latter is
inserted through the posterior approach around 2 cm under
the spine of the scapula, passes across the bare area, and
would penetrate the subscapularis with an exit point in the
upper third of the tendon. The green dotted line represents
the ideal subscapularis split level that would require a very
superior posterior portal with the switching stick directed
inferior and passed under the inferior glenoid (9 o’clock
position).
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through the posterior approach and passed across the
glenohumeral joint at the level of the inferior glenoid.
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