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Background: Antegrade humeral intramedullary nails are an effective fixation method for certain proximal humeral fractures and hu-
meral shaft fractures. However, owing to potential rotator cuff damage during nail insertion, shoulder pain remains a common postop-
erative complaint. The purpose of this study was to provide quantitative data characterizing the anatomic and radiographic location of
the rotator interval (RI) for an antegrade humeral intramedullary nail using a mini-deltopectoral approach.
Methods: Six consecutive fresh-frozen intact cadaveric specimens (mean age, 69 � 12.8 years) were obtained for our study. Demo-
graphic data were collected on each specimen. A mini-deltopectoral approach was used, followed by placement of a guidewire in
the RI. Quantitative anatomic relationships were calculated using a fractional carbon fiber digital caliper. Radiographic measurements
were performed by 2 orthopedic residents and 1 practicing fellowship-trained orthopedic surgeon. In addition to re-measurement of
similar anatomic relationships on radiographs, the ratio of the distance from the lateral humeral edge to the starting point relative to
the width of the humeral head on the anteroposterior (AP) view was calculated. Similarly, on the lateral view, the ratio of the distance
from the anterior humeral edge to the starting point relative to the humeral head width was calculated.
Results: In all cases, the described approach allowed for preservation of the biceps tendon and access to the RI for guidewire insertion,
with no subsequent rotator cuff or humeral articular cartilage damage identified following nail insertion. The ratio of the distance from
the lateral humeral edge to the starting point relative to the humeral head width on the AP view was 0.4 � 0.0. The ratio of the distance
from the anterior humeral edge to the starting point relative to the humeral head width on the lateral view was 0.3 � 0.0.
Conclusion: This study demonstrates the clinical feasibility of a mini-deltopectoral approach and shows that the ideal starting point
through the RI radiographically lies along the medial aspect of the lateral third of the humeral head on the AP view and along the pos-
terior aspect of the anterior third of the humeral head on the lateral view.
Level of evidence: Anatomy Study; Cadaveric Dissection and Imaging
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Table I Cadaveric demographic data

Variable Data

Age, mean � SD, yr 69 � 12.8
Male sex, n 3
Humeral length from GT to LE,
mean � SD, cm

33.7 � 1.8

Humeral length from acromion
to LE, mean � SD, cm

36.8 � 2.4

Arm length from GT to distal phalanx
of long finger, mean � SD, cm

82.3 � 1.8

SD, standard deviation; GT, greater tuberosity; LE, lateral epicondyle.
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Humeral fractures account for up to 8% of all frac-
tures, with the incidence of humeral shaft fractures being
13 per 100,000 person-years.4,6 Furthermore, proximal
humeral fractures are the third most common fracture in
patients aged > 65 years, with emergency department
visits projected to exceed 275,000 annually by 2030.18

Surgical treatment of these fractures continues to be
challenging despite several treatment options currently
available.

Open reduction–internal plate fixation is typically
performed using extensile exposure to allow for direct
visualization of fracture reduction, whereas intra-
medullary nail (IMN) fixation typically involves im-
plantation with more limited surgical exposure and
potentially less soft tissue dissection. Currently, the
superior fixation strategy for humeral fractures remains
unclear. In a randomized controlled trial by Gracitelli
et al,7 IMNs and locked plating were shown to have
similar radiographic union results, although IMNs had
higher rates of complication and reoperation. A recent
American Board of Orthopaedic Surgery case database
demonstrated a decrease in complication rates of IMN
fixation without a significant difference in nonunion
rates, and a subsequent meta-analysis concluded that
IMNs were superior to locked plate fixation in main-
taining overall length, as well as decreasing blood loss,
operative time, and fracture healing time.13 Despite this,
a significant deterrent to humeral nailing is the potential
shoulder stiffness and pain described postoperatively
due to rotator cuff tendinopathy from the surgical
approach.

The rotator interval (RI), first named by Neer16 in 1970,
consisting of the anterior capsule, coracohumeral ligament,
and superior glenohumeral ligament, is an anatomic loca-
tion bridging the supraspinatus and subscapularis ten-
dons.9,20 Specifically, this triangular interval is bordered by
the subscapularis anteroinferiorly, supraspinatus poster-
osuperiorly, and coracoid medially. Previous cadaveric and
arthroscopic studies have described the macroscopic con-
stituents of the RI.12 This landmark is readily available and
easily accessed during both open and arthroscopic shoulder
surgical procedures. The potential of accessing the humeral
proximal body and shaft using this interval and therefore
sparing the rotator cuff tendons creates an opportunity to
possibly lower the rate of shoulder pain after humeral IMN
fixation.

Therefore, the purpose of this study was to provide
quantitative data characterizing the anatomic and
radiographic location of the RI to be used for place-
ment of antegrade humeral IMNs, an inherently more
medial and anterior starting point compared with the
traditional approach, to reduce injury to the rotator cuff
tendon.
Materials and methods

Overview

This study was conducted according to standard procedures for
handling human fresh tissue. Six consecutive fresh-frozen intact
cadaveric specimens (entire bodies) were obtained for our study.
Demographic data were collected on each specimen, including
age, sex, and race.

Specimen information

To determine the anatomic and radiographic landmarks of the RI
and humeral nail starting point, we examined 3 paired, fresh-
frozen human cadavers (Table I). All 3 cadavers were male, with
an average age of 69 � 12.8 years. The average antebrachial arm
length, measured from the greater tuberosity to the lateral epi-
condyle, was 33.7 � 1.8 cm. The average arm length, measured
from the greater tuberosity to the distal phalanx of the long finger,
was 82.3 � 1.8 cm. Shoulders with a history of surgery or liga-
mentous injury were excluded. None of the specimens were found
to have a rotator cuff tear, and all specimens had an intact long
head of the biceps tendon.

Anatomic dissection

The specimens were placed in the beach-chair position, with bed
inclination of 45�, and a mini-deltopectoral approach was used.
For each specimen, a 4-cm-long incision was made, extending
from the coracoid process (Fig. 1, A). The cephalic vein was
preserved in all cases and retracted laterally (Fig. 1, B). The
clavipectoral fascia was incised. The biceps tendon was next
identified in the bicipital groove, and the proximal aspect of the
transverse humeral ligament was released, allowing the biceps
tendon to be dislocated medially without being fully released
(Fig. 2, A and B). The superior insertion of the subscapularis was
defined, as was the anterior edge of the supraspinatus tendon.
Finally, a small portion of the coracohumeral ligament was
released, with care taken to preserve the coracoacromial
ligament (Fig. 2, C). After completion of the anatomic dissection,
radiographic T-pin markers were placed on the coracoid process,



Figure 1 Deltopectoral approach demonstrating initial incision (A) and cephalic vein ()) (B).

Rotator cuff–sparing IMN starting point 749
anterior edge of the supraspinatus, and insertion of the sub-
scapularis (Fig. 3).

Quantitative anatomy

Anatomic landmarks were measured using a fractional carbon
fiber digital caliper. Tendon attachments, osseous landmarks, and
the glenohumeral joint were manually identified. The RI was
calculated as the mean surface volume using the Heron formula:
Area ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

sðs� aÞðs� bÞðs� cÞp
.17 Area and distance measure-

ments were reported as means. Furthermore, the ratio of the dis-
tance from the lateral humeral edge to the starting point relative to
the humeral head width on the anteroposterior (AP) view was
calculated. This ratio was replicated on the lateral view, in which
the ratio of the distance from the anterior humeral edge to the
starting point relative to the humeral head width was calculated.

Radiography

A guidewire was placed through the center of the RI in an AP
direction under fluoroscopic guidance (Fig. 4). The guidewire was
directed in line with the humeral diaphysis on AP, lateral, and
axial fluoroscopic views (Fig. 5). A true AP glenoid radiograph
(Grashey view) was confirmed when the glenohumeral joint was
open and the anterior and posterior aspects of the glenoid were
superimposed. Additionally, determination of the radiographic
starting point was further aided by obtaining a bicipital groove
view. To obtain this view, the fluoroscopic C-arm was first placed
over the shoulder and centered to obtain an accurate AP glenoid
(Grashey) view. Then, to obtain the bicipital groove view (Fig. 5,
B), the humerus was placed in 30� of abduction and 45� of
external rotation. A 25.4-mm radiopaque sphere (diameter, 25.4 �
0.00254 mm; sphericity, 0.00061 mm) was positioned in the field
of view, at the level of the identified structures, to correct for
magnification disparities and allow for calibration of images
during subsequent measurements. Radiographs were imported into
a picture archiving and communication system (PACS) program
(eUnity workstation, version 6.7.1-1564; Client Outlook, Water-
loo, ON, Canada) for digital radiographic measurements.

Three observers performed the radiographic measurements: 2
orthopedic residents and 1 practicing fellowship-trained orthope-
dic surgeon. Measurements were reported as means and standard
deviations.

IMN placement

A 10-mm reamer was used to open the humerus proximally while
the biceps tendon was carefully retracted medially, and an 8-mm
� 200-mm nail with a 9� lateral bend (Polarus humeral nail;
Acumed, Hillsboro OR, USA) was inserted in the standard fashion
(Fig. 6). Once the nail was placed, it was removed, and the
integrity of the rotator cuff and articular cartilage was examined
for changes in tissue and articular quality.

Results

Quantitatively, the mean RI surface area was 281.2 � 68.6
mm2, and the mean bicipital groove width was 4.8 � 1.2
mm (Table II). The distance from the starting point to the
edge of the subscapularis and supraspinatus was 6.5 � 0.9
mm and 4.9 � 0.6 mm, respectively. Additional anatomic
measurements are presented in Table II.

Radiographically, the mean distance from the starting
point to the medial edge of the bicipital groove was 5.9 �
0.3 mm (Table III). The distance from the starting point to
the edge of the subscapularis and supraspinatus was 8.8 �
0.5 mm and 7.4 � 0.4 mm, respectively. The ratio of the



Figure 2 (A) Further dissection with biceps tendon ()) within bicipital groove and transverse humeral ligament incised. (B) The biceps
tendon ()) is dislocated medially, exposing the bicipital groove ( ). (C) The coracohumeral ligament ()) is snipped to expose the
guidewire starting point.

Figure 3 Final dissection prior to guidewire placement. The
indicates the coracoid; , subscapularis insertion; ), biceps
tendon medially dislocated; and , bicipital groove.
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distance from the lateral humeral edge to the starting point
relative to the humeral head width on the AP view was 0.4
� 0.0. The ratio of the distance from the anterior humeral
edge to the starting point relative to the humeral head width
on the lateral view was 0.3 � 0.0 (Table IV). Following nail
insertion, we found the rotator cuff and humeral articular
cartilage to be intact (Fig. 7).
Discussion

Postoperative shoulder dysfunction is a continuing concern
with humeral nailing. We present an approach to humeral
nailing through the RI that minimizes the potential for
damage to critical structures in the shoulder. We have
further delineated the starting point both anatomically and
radiographically to allow for reproducibility in surgical
executions. It is, to our knowledge, the first description of a
humeral nailing starting point through the RI using a del-
topectoral approach.

Shoulder dysfunction following antegrade humeral IMN
fixation remains the most common and significant post-
operative complication. Postoperative shoulder adverse
events include impingement, decreased range of motion,
and adhesive capsulitis. This may be due in part to implant
prominence, postoperative scarring, or iatrogenic rotator
cuff tendon injury. The rate of shoulder dysfunction post-
operatively ranges between 10% and 20%.1,2,15,23 It is
interesting to note that in one study using ultrasound to
evaluate the rotator cuff postoperatively, 44 of 48 patients
had no evidence of supraspinatus injury.22 Furthermore, no
correlation was found between ultrasound findings and
Constant scores. Here, we present a starting point that is
sufficiently medial and anterior to avoid the posterior-
superior rotator cuff tendons and footprint to hopefully
avoid these postoperative complications.

The early humeral nails were curvilinear in shape and
designed for insertion through a lateral entry point to avoid
articular injury. Unfortunately, this in turn led to iatrogenic
injury to the rotator cuff tendon and postoperative pain.21



Figure 4 (A) Cadaveric dissection demonstration of humeral intramedullary nail starting point. (B) Further visualization of starting point
within rotator interval and guidewire placed at apex of humeral head convexity.

Figure 5 Radiographic illustration: anteroposterior glenoid view (A), bicipital groove view (B), and lateral view (C) with guidewire
advanced to humeral diaphysis. The indicates the coracoid; , subscapularis insertion; and ), supraspinatus insertion.
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Lopiz et al14 found that rotator cuff symptoms developed in
73% of patients treated with curved nails compared with
34.6% of those treated with straight nails. Additionally, a
significantly higher revision rate of 42% was seen in the
bent-nail cohort (9� bend) compared with 11.5% in patients
with straight nails. Unlike curvilinear nail designs, straight
nail designs allow for a more medial entry point from the
footprint and central placement in the humeral head.21

Straight nails have also been shown to preserve the sur-
rounding bone stock, aiding in the biomechanical stability
and anchoring of the implant.8 Although straight nails
better protect the rotator cuff tendon and footprint, they
do require violation of the humeral head articular
cartilage.21

Optimal placement of the humeral IMN can be techni-
cally challenging. An improper and excessively lateral
starting point can lead to significant rotator cuff tendon
insertional damage. A lateral deltoid-splitting approach is
most commonly used for IMN placement. We have pro-
posed using a mini-deltopectoral approach. The advantages
include ease of incisional extension for improved visuali-
zation without risk of axillary nerve injury, improved
visualization of the rotator cuff footprint and lateral edge of
the humeral head articular surface, and a more conducive
approach for glenoid exposure if a subsequent revision
operation is required. This approach further takes advan-
tage of the improvements in the straight humeral IMN
design, allowing for minimized trauma to the rotator cuff
tendon and the humeral head articular surface.

Christ et al3 in 2017 described an approach for antegrade
humeral nailing through the RI that avoided rotator cuff
splitting with concomitant tenodesis of the long head of the



Figure 6 Radiographic images of humeral nail placement: anteroposterior view of humeral nail insertion (A), lateral view of humeral nail
insertion (B), anteroposterior view of proximal humeral stem (C), and lateral view of distal end of humeral nail (D).

Table II Anatomic measurements

Anatomic measurement Mean � SD

Rotator interval area, mm2 281.2 � 68.6
Bicipital groove width, mm 4.6 � 1.2
Distance from starting
point to ACJ, mm

59.2 � 3.5

Distance from starting point
to coracoid, mm

25.6 � 3.5

Distance from starting point
to center of GT, mm

32.3 � 4.4

Distance from starting point to lateral
articular edge of humerus, mm

5.3 � 1.9

Distance from starting point to edge
of subscapularis, mm

6.5 � 0.9

Distance from starting point to edge
of supraspinatus, mm

4.9 � 0.6

SD, standard deviation; ACJ, acromioclavicular joint; GT, greater

tuberosity.
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biceps tendon. However, to access the RI, they used a
deltoid-splitting approach. Several other authors have pro-
posed a variety of solutions. An extra-articular
approach using a proximally curved nail has been
described.5 Knierim et al10 described access medial to the
acromion, which required splitting the supraspinatus mus-
cle belly through the Neviaser portal. Park et al19 were the
first authors to describe access for a humeral nail starting
point through the RI using modern straight nails. However,
their approach required detaching the anterior deltoid head
from the acromion with limitations in visualization of the
axillary nerve during locking screw fixation.

In this article, we describe the utilitarian mini-
deltopectoral dissection through which a rotator
cuff–sparing approach is used for antegrade humeral
IMNs. This surgical approach can be extended distally for
fracture reduction and/or used if a subsequent conversion



Table III AP radiographic measurements

Radiographic measurement Mean � SD

Distance from starting point to medial edge of bicipital groove, mm 5.9 � 0.3
Distance from starting point to inferior end of ACJ, mm 38.5 � 2.3
Distance from starting point to coracoid body, mm 38.0 � 3.5
Distance from starting point to lateral articular edge of humerus, mm 10.5 � 1.0
Distance from starting point to subscapularis, mm 8.8 � 0.5
Distance from starting point to supraspinatus, mm 7.4 � 0.4
Width of humeral head on AP view, mm 54.6 � 0.4
Distance on AP view from lateral humeral edge to starting point, mm 20.2 � 1.5
Ratio of distance from lateral humeral edge to starting point relative to humeral head width 0.4 � 0.0

SD, standard deviation; ACJ, acromioclavicular joint; AP, anteroposterior.

Table IV Lateral radiographic measurements

Radiographic measurement Mean � SD

Width of humeral head on lateral view, mm 45.1 � 0.5
Distance on lateral view from anterior humeral edge to starting point, mm 15.7 � 1.2
Ratio of distance from anterior humeral edge to starting point relative to humeral head width 0.3 � 0.0

SD, standard deviation.

Figure 7 Images of surrounding soft tissue following humeral intramedullary nail reaming and nail placement: demonstration of biceps
tendon medially dislocated ()) and integrity of rotator cuff tendon ( ) (A) and demonstration with biceps tendon reduced ()) (B).
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to shoulder arthroplasty is required. This approach allows
for biceps tendon preservation in younger patients who
elect to avoid deformity or tenodesis or tenotomy in older
patients with biceps tendon pathology. Additionally, this
approach allows for proximal dissection and visualization
to ensure that the starting point does not involve the ro-
tator cuff tendon and footprint, as well as the lateral
margin of the humeral head articular surface. Finally, it
maximizes the exposures required to implant humeral
nails.
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No previous study has described the radiographic land-
marks needed for antegrade humeral IMN fixation through
the RI. We correlated an anatomic starting point through
the RI with radiographic images. We found that the ideal
starting point through the RI radiographically lies along the
medial aspect of the lateral third of the humeral head on the
AP view, medial to the bicipital groove (Table III). More-
over, on the lateral view, the ideal starting point radio-
graphically lies along the posterior aspect of the anterior
third of the humeral head (Table IV). The bicipital groove
view, described earlier, further aided in confirming proper
placement of the starting point to ensure the guidewire was
sufficiently medial.

Clinical outcomes after humeral IMN fixation are varied,
given differences in implant design type, surgical approach,
and fracture type. In a Cochrane database review in 2011
comparing plate fixation with IMNs, no difference in out-
comes was found in terms of union rate, operating time,
iatrogenic radial nerve palsy, intraoperative fracture
comminution, deep infection, rate of return to preinjury
occupation, or functional outcome scores.11 The authors did
report a higher rate of shoulder impingement and implant
removal in the nail group.

We recognize that our study is not without limitations.
As with any anatomic investigation, the sample size is a
limitation. A larger sample and/or inclusion of female
specimens may have revealed further anatomic variability.
Furthermore, measured structural distances may have
minor underestimations owing to out-of-plane length
contributions along the course of a given structure. For the
purposes of this study, we used only intact specimens to
describe the anatomic and radiographic RI starting point
through a mini-deltopectoral approach. However, with
fractures, additional challenges would certainly be pre-
sent. Moreover, 4-part fractures with violated RIs would
require adaptation of the RI humeral nail technique.
Nevertheless, these limitations should not diminish the
value of this attempt to correlate anatomic and radio-
graphic analysis for an RI starting point for an antegrade
humeral IMN using a mini-deltopectoral approach.
Further investigation will include using a percutaneous
approach to validate the reproducibility of the described
radiographic landmarks. Finally, clinical investigations
will be needed to confirm the efficacy of this cadaveric
study and analyze unforeseen complications prior to
widespread use.
Conclusion
This study demonstrates the clinical feasibility of a mini-
deltopectoral approach for antegrade placement of hu-
meral IMNs through the RI that avoids the risk of rotator
cuff and humeral head articular damage. Additionally, we
defined and correlated the ideal anatomic starting point
with radiographic landmarks needed for antegrade hu-
meral IMN fixation through the RI. We found that the
ideal starting point through the RI radiographically lies
along the medial aspect of the lateral third of the humeral
head on the AP view and lies along the posterior aspect
of the anterior third of the humeral head on the lateral
view. Finally, the bicipital groove view can be used to
confirm proper medial placement of the humeral nail
starting point. Looking forward, prospective clinical
studies will be critical to validate the clinical efficacy of
humeral nailing through this technique.
Disclaimer
The Piedmont Orthopaedic Foundation provided a grant
to complete this project. 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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