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Suprapectoral biceps tenodesis with bicortical
drilling procedures: anatomic analysis of
chondral and axillary nerve risk with
transhumeral pin guide
Miguel Pinedo, MDa,b, Cristobal Calvo, MDb,*, Max Ekdahl, MDa,
Vicente Gutierrez, MDa
aClinica Las Condes, Santiago, Chile
bSchool of Medicine, Universidad de los Andes, Santiago, Chile

Background: Many biceps tenodesis (BT) procedures are described for treating proximal biceps pathology. Axillary nerve injury has
been reported during BT using bicortical drilling techniques with variable results depending on the location. In addition, there is a
risk of potential articular damage during suprapectoral BT. We sought to determine the distance between the axillary nerve and the pos-
terior passage of a bicortical pin, as well as the risk of articular damage, and to analyze whether a lateral inclination of the pin could
avoid the chondral risk during suprapectoral BT with bicortical drilling.
Methods: Ten cadaveric shoulders were divided into 2 groups. In the first group, we determined the axillary nerve distance
from the posterior exit point of 3 pins in a suprapectoral position 15 mm distal to the humeral cartilage: perpendicular,
10� caudal, and 20� caudal inclination. We measured 2 distances from the pin: to the axillary nerve and to the cartilage border.
In the second group, we set one pin at the same perpendicular position and set the second pin 15� laterally tilted to determine
its extra-articular passage.
Results: No pin injured the nerve, whereas all pins showed a transchondral direction. The 20� caudal inclination was the nearest to
the nerve (18.8 mm [95% confidence interval, 5.5-32 mm]), but the perpendicular position was the safer position (38.8 mm [95%
confidence interval, 28-49.6 mm]). Tilting the pin direction 15� laterally prevented cartilage damage (P ¼ .008).
Conclusions: Suprapectoral BT with bicortical drilling performed 15 mm distal to the humeral cartilage is a safe procedure
regarding the axillary nerve. A potential humeral chondral injury could be prevented with 15� of lateral inclination of the pin guide.
Level of evidence: Anatomy Study; Cadaveric Dissection
� 2019 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Biceps tenodesis (BT) is a valid procedure for treating
long head of the biceps pathology.2,5,6,10,17,19 It can be
l review board approved this study (Comit�e �Etico

ersidad de los Andes; no. CEC201846).

uests: Cristobal Calvo, MD, Martin Alonso Pinzon 5250,

ondes, 7590292, Santiago, RM, Chile.

ss: cpcalvo@gmail.com (C. Calvo).

ee front matter � 2019 Journal of Shoulder and Elbow Surgery

.1016/j.jse.2019.12.010
performed in a subpectoral or suprapectoral location.
Suprapectoral BT is performed in the bicipital groove; it
can be performed in the upper, middle, or lower portion of
the groove. Many techniques have been described in each
position, including suture anchors, cortical buttons, and
interference screws.1,3,9,13 In 2002, Boileau et al3 published
a suprapectoral arthroscopic BT technique with an
Board of Trustees. All rights reserved.
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interference screw using bicortical drilling with a trans-
humeral Beath pin toward the posterior humeral cortex to
pull the biceps into the bone tunnel.

As the axillary nerve crosses around the posterior aspect
of the humeral neck, it can be at risk during procedures
with posterior cortex perforation. Although a neurologic
injury is a rare complication, some authors described this
injury in open subpectoral BT.12,14 Cadaveric studies
showed the axillary nerve risk during bicortical BT pro-
cedures but focused mainly on the subpectoral location,
with a few authors analyzing suprapectoral BT with vari-
able results.1,4,8,15,16

Articular cartilage perforation is another potential risk of
the guide pin passage through the posterior cortex that has
not been previously described. Theoretically, when the
guide pin is placed perpendicular to the bicipital groove at
its upper portion, it could perforate the humeral head. Our
group accidentally adverted this situation in late post-
operative shoulder magnetic resonance imaging in some
patients. To our knowledge, there are no studies regarding
chondral injury with this technique.

The first purpose of this study was to determine the
distance between the axillary nerve and the posterior exit
of a traction guide pin placed in an anterior-to-posterior
direction at the bicipital groove, as well as to establish
the risk of articular cartilage perforation with this tech-
nique. The second purpose was to analyze whether
Figure 1 Pins positioning in specimens. (A) Three pins were situated
following positions: perpendicular, 10� caudal, and 20� caudal. We previ
30� of internal rotation. Then, we placed the pins immediately adjacent
from the upper portion of the groove because, otherwise, there would b
posteroinferior direction to be closer to the axillary nerve. (B) The poste
measured: pin to axillary nerve (*, blue line) and pin to cartilage borde
adding lateral tilting to the pin could prevent the chon-
dral violation.
Materials and methods

Ten paired fresh-frozen cadaveric upper limbs (5 right and 5
left) were used. The specimens were thawed 2 days before
dissection and measurements. We performed a standard delto-
pectoral approach, identifying the bicipital groove and long
head of the biceps, which was tenotomized for clear vision of
the bicipital groove at its upper border to the articular cartilage.
According to the technique of Boileau et al,3 a 15-mm distance
from the upper border was measured. The suprapectoral loca-
tion was defined to preserve appropriate tenodesis tension,
considering the intra-articular portion of the long head of the
biceps to measure 35 mm7,11 and a tendon stump to measure 25
mm (50 mm plicated). At this point, we divided the specimens
into 2 groups according to our 2 purposes: In the first group
(3 right and 2 left shoulders), we measured the axillary nerve
distance and the distance from the pin to the chondral border; in
the second group (2 right and 3 left shoulders), we sought to
determine whether lateral angulation of the pin could prevent
the chondral perforation risk. We decided to divide the cadavers
into 2 groups to prevent errors produced by repetitive drilling
through the bone.

In the first group, in the previously mentioned position, three
2.0-mm needles were placed at different caudal angulations:
0� (perpendicular to the groove cortex), 10� caudal, and 20�
at the bicipital groove 15 mm distal from the upper border in the
ously set the humerus, with the forearm attached, in approximately
to each other in the horizontal plane at the same distance (15 mm)
e a path conflict between them. The arrows show the intentional
rior approach was made carefully; then, the smaller distances were
r (if the pin was transchondral).



Figure 2 Standard and lateralized pin directions: schema of the
transchondral pin direction on a postoperative magnetic reso-
nance image after suprapectoral biceps tenodesis according to the
described technique.3 The white line indicates the humeral head
articular surface (HHS). The green line indicates the resulting
transchondral direction (SD) according to the technique: parallel
to the lateral border of the acromion in an internally rotated
shoulder. The orange line indicates the modified position with
15� of lateral inclination. A theoretical 8 � 25–mm interference
screw is demarcated (orange box).
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caudal (Fig. 1, A). We previously set the humerus, with the
forearm attached, in approximately 30� of internal rotation. Then,
we placed the pins immediately adjacent to each other in the
horizontal plane at the same distance (15 mm) from the upper
portion of the groove because, otherwise, there would be a path
conflict between them. All pins were parallel to the lateral border
of the acromion.3 Caudal angulations were used intentionally to be
closer to the axillary nerve. A posterior dissection was carried out
to identify the axillary nerve and the exit of the Beath pin. Then,
we measured the closer distance between the exit of the pin and
the axillary nerve with a digital caliper (model E5001002; Veto,
Santiago, Chile). Dissection was performed with special care
taken not to alter the anatomic position of the nerve (Fig. 1, B). In
the cases in which the pin exit was transchondral, the closer dis-
tance between the pin exit and the cartilage border was also
measured.

In the second group, the 2.0-mm pins were set at the same
position perpendicular to the groove but with 2 directions: parallel
to the lateral border of the acromion, as in the first group,3 and at
15� of lateral inclination to the first pin. In this case, we set the
second pin superior and immediately adjacent to the first one to
prevent trajectory conflict, as explained previously. Figure 2 shows
the theoretical result of the lateral inclination regarding the stan-
dard direction. Then, through a posterior dissection, the posterior
exit of the pins in the humeral head was analyzed. In this group,
the registered outcome was the presence or absence of chondral
injury in both pin directions.

Statistical analysis was performed using STATA software
(version 15; StataCorp, College Station, TX, USA). As this was an
observational study, for the first group, we performed the analysis
according to parametric variables, determining the mean, standard
deviation, and 95% confidence interval. In the case of the second
group, for nonparametric variables, we used the Fisher exact test
because of the small number of specimens.
Results

Table I shows the first group’s results. No pin injured the
axillary nerve regardless of the angulation. As shown by the
data, all pins passed through the posterior humerus away
from the nerve. The closer pins to the axillary nerve were,
as expected, in the 20� caudal inclination subgroup (mean,
18.8 mm), whereas the 0� subgroup was found to have the
safer position (mean, 38.8 mm). All pins passed through the
humeral head cartilage (Fig. 1, B); the 20� subgroup pins
were the nearest to the cartilage border (mean, 6.1 mm).

Regarding the second group, in the subgroup with 15� of
lateral inclination, no pins exited through the articular
cartilage. Tilting the pin 15� laterally prevented chondral
damage (P ¼ .008).
Discussion

BT is an accepted method to treat biceps pathology with
satisfactory results.2,5,6,10,17,19 There are many locations for
BT and different possible complications during the pro-
cedure, including implant failure, proximal humeral frac-
ture, and neurologic and vascular injuries.18

Published studies have warned about the risk of axil-
lary nerve injury when performing bicortical drilling
during BT,1,4,8,15,16 but most of them used a subpectoral
position. To our concern, only 2 studies included supra-
pectoral BT, showing opposite results.8,16 In a cadaveric
study, Sethi et al16 analyzed the axillary nerve risk during
BT. They compared both suprapectoral and subpectoral
BT with drilling through the posterior cortex for a cortical
button technique, showing a high risk of nerve injury in
the suprapectoral position. However, the site used by them
was immediately superior to the upper edge of the pec-
toralis major, a far lower position than our selected
location.3 Lancaster et al8 reported different results. In
cadaveric specimens, they marked the axillary nerve with



Table I Measurement results

Pin position Pin to axillary nerve, mm Pin to cartilage border, mm

Mean � SD (range) 95% CI Mean � SD (range) 95% CI

Perpendicular 38.8 � 8.7 (24.4-45.9) 28-49.6 16.7 � 3.9 (12.1-22) 11.9-21.5
10� caudal 28.9 � 7.8 (18.1-38.5) 19.2-38.6 9.8 � 3.7 (6.4-16) 5.2-14.4
20� caudal 18.8 � 10.7 (5.1-31.7) 5.5-32 6.1 � 4.8 (0-12.2) 0.1-12

SD, standard deviation; CI, confidence interval.
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a metallic filament and then placed drill bits in a different
position for a simulated BT. Computed tomography scans
of the specimens showed the riskier position near the
upper edge of the pectoralis major (10.7 mm) and the
safer position near the upper edge of the bicipital groove
(36.2 mm). These results are similar to our findings. We
decided to test different inclinations intentionally, simu-
lating possible mistakes during the arthroscopic
procedure.

To our knowledge, articular cartilage damage during BT
was not described before. As we found in the first group, by
use of the described direction,3 all pins injured the humeral
cartilage, regardless of the different vertical inclinations
(Fig. 1, B). The perpendicular position had the longer
pin–to–cartilage border width. So, in the second group, we
performed drilling at 15� of lateral inclination in the same
vertical position; in this group, no pin injured the cartilage.
In the case of the selected BT technique,3 the chondral
injury produced by the pin may be trivial, considering that
the pin is just used for traction and then removed. Never-
theless, in the case of other fixation methods such as
cortical buttons, this scenario could be dangerous for the
risk of leaving the implant in an intra-articular position, if
not on the cartilage itself. In addition, studies analyzing
cortical buttons have warned about the dimensions of the
implant in their results.1,4,15 This risk seems to be greater if
we consider that variable. It is important to consider that a
slightly lateralized inclination of the pin could prevent
chondral injury.

There are some limitations of this study. First, the
specimen number was small. We decided to divide the
cadavers into 2 groups to prevent errors produced by re-
petitive drilling through the bone. Second, we decided to
try, in the second group, only the lateral angulation
regarding the perpendicular position, without attempts at
caudal inclination. We consider that trying lateral angula-
tion in each vertical scenario would not be necessary. As
shown in Table I, the perpendicular position was the most
medial exit through the cartilage. The intention was to
define whether lateral inclination could prevent chondral
injury; thus, no difference seems to be relevant, considering
that the more caudal the inclination, the closer the needle
was to the cartilage border, and therefore less angulation
should be required.
Finally, this study analyzed suprapectoral BT using an
interference screw by a bicortical drilling technique.
Nevertheless, other techniques require the violation of the
posterior humeral cortex as well (eg, cortical buttons).
We believe our findings suppose a clinical interest beyond
the current technique used by our institution.
Conclusion
Suprapectoral BT performed 15 mm distal to the upper
edge of the bicipital groove for interference screw fix-
ation using an anterior-to-posterior passage of a pin
traction guide through the proximal humerus is a safe
procedure for the axillary nerve. This technique implies
a potential humeral chondral injury, which could be
prevented with 15� of lateral inclination of the pin guide.
Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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