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Humeral surface anatomy and percutaneous plate
advancement: a cadaveric study
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Objective: The aim of this study was to identify the anatomical obstacles on the humeral surface which
can complicate subcutaneous plate advancement during surgical treatment of humeral fractures.

Methods: We dissected twelve upper extremities of six male cadavers, and measured the humeral
length, which was defined as the distance between the greater tubercle and the lateral epicondyle. We
performed a retrograde advancement of a 4.5 mm plate through the subbrachial tunnel and noted the
mechanical obstacles during the procedure. In addition, we recorded the distances between the ana-
tomic obstacles and lateral epicondyle.

Results: The average humeral length was 271.8 mm. We identified anterior insertion of the deltoid
muscle and the proximal part of the brachialis muscle as the main anatomic obstacles on the anterior
surface of the humerus. The average distances between the lateral epicondyle and the most proximal
and distal insertion of anterior deltoid were 188.9 mm and 138.7 mm, respectively. The average dis-
tance between the lateral epicondyle and the brachialis origin was 147.4 mm. Proportions of the dis-
tances between the lateral epicondyle and proximal of anterior deltoid insertion, the lateral epicondyle
and distal of anterior deltoid insertion and the lateral epicondyle and proximal of brachialis origin to
humeral length were 69.4%, 51%, and 54.2%, respectively. There was a high interobserver reliability
(p<0.001).

Conclusion: The deltoid insertion and proximal attachment of the brachialis muscles were identified
as mechanical obstacles when performing the percutaneous plating. These sites caused difficulties with
the procedure during the retrograde plate advancement through submuscular tunnel on the anterior
surface of humerus. It was also noted that for successful plate advancement, it was necessary to release
the anterior part of the deltoid insertion.
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Humerus shaft fractures represent approximately 1-7% tive measures, surgical management is still indicated in
of all fractures. A majority of these fractures occur in the certain situations including polytrauma patients, open
elderly population due to low energy trauma.!) Although fractures, vascular injury, floating elbow injuries, and
the first line of treatment for these fractures is conserva- fractures that fail nonsurgical management.!"*) Further-
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Fig. 1. Anterior aspect of the arm. (a) The proximal part of greater
tubercle and the prominence of the lateral epicondyle were
marked by K-wires and measured as the humeral length (b) a
closer view of anatomic obstacles on anterior humeral surface;
anterior part of deltoid muscle insertion and the most proximal
part of brachialis muscle origin. [Color figure can be viewed in
the online issue, which is available at www.aott.org.tr]

more, the faster functional recovery and return to work
have also dramatically increased the popularity of the
surgical treatment.

Numerous surgical options for the stabilization of
humeral shaft fractures have been described, includ-
ing conventional plating, intramedullary nailing, and
external fixation. More recently, some authors have ad-
vocated the use of minimally invasive plate osteosynthe-
sis (MIPO) techniques, especially for management of
highly comminuted humeral shaft fractures.*") MIPO
is gaining popularity because it is believed to minimize
the disruption of fracture biology, limit the dissection,
and enhance the fracture healing process. This technique
is typically performed through a submuscular tunnel via
an anterior approach, which protects the posteriorly lo-
cated radial nerve.['”

Even though the MIPO technique has many ad-
vantages such as the early recovery of motion and high
union rates ranging from 90% to 100%, the procedure
also involves serious risks and complications.*") Poor
neurovascular monitorization, prolonged fluoroscopy
time, difficulties in maintaining reduction, and mechani-
cal obstacles that are encountered during the advance-
ment of the plate can be regarded as the factors that
challenge the procedure.

Since the anterior surface of humerus is the preferred
site for MIPOQ, there are several studies focused on the
risks of anterior neurovascular injury during the proce-
dure.'*' However, mechanical obstacles on the anteri-
or surface of the humerus, which might be encountered

Fig. 2. The anterolateral view of the brachialis muscle (broken ar-
rows) after retraction of the biceps brachii muscle medially
exposing the musculocutaneal nerve (solid arrows). [Color
figure can be viewed in the online issue, which is available at
www.aott.org.tr]

Fig. 3. Subbrachial tunnel through which a 4.5 mm narrow locking
plate was advanced retrogradely. Proximal part of brachialis
origin (white star) and anterior deltoid insertion (black star) are
observed as the main obstacles. [Color figure can be viewed in
the online issue, which is available at www.aott.org.tr]

during the plate advancement, have not been studied
previously. We hypothesized that the muscles that at-
tach to the anterior surface are mechanical obstacles that
interfere the plate advancement over the anterior surface
of humerus during the MIPO procedure. In this study,
we aimed to confirm the presence of these obstacles and
identify their specific locations.

Materials and methods

Twelve upper extremity specimens of 6 adult male cadav-
ers were used for the study in the department of anato-
my faculty of medicine at Mersin University. The average
age of the cadavers was 61.8 years (range: 45-72 years).
No specimen had prior history of significant trauma or
previous upper extremity surgery. The dissections were
performed in supine position, the arm in 60° of abduc-
tion and the forearm in full supination to examine the
anterior region of the arm. In order to observe the gross



586

Acta Orthop Traumatol Turc

Fig. 4. (a) Proximal (broken arrow) and distal (solid arrow) points of anterior deltoid inser-
tion, and proximal part of brachialis muscle origin (arrow head) were marked with
K-wires. (b) Morphometric measurements held by digital calipers. [Color figure can
be viewed in the online issue, which is available at www.aott.org.tr]

anatomy of the muscles and fascicle orientation, the skin
and subcutaneous tissue were dissected from the ante-
rior shoulder to the distal elbow. The proximal part of
the greater tuberosity and the prominence of the lateral
epicondyle were marked with K-wires and the distance
between the wires was measured as the humeral length
(Fig. 1a). To expose of the brachialis muscle and the
musculocutaneous nerve, the interval between the bi-
ceps brachii and brachialis was identified, and the biceps
brachii was retracted medially (Fig. 2). The deltoid and
brachialis muscles were exposed from their origins to
insertions with care not to disturb the integrity of the
muscles. The distal part of brachialis was then divided
longitudinally along its midline to reach the periosteum
of the anterior cortex of the humerus. Subsequently, a
submuscular extraperiosteal tunnel was prepared be-
tween the brachialis muscle and humerus with a perios-
tal elevator. Then, we performed a retrograde advance-
ment of a 4.5 mm narrow plate through this tunnel to
identify which obstacles may interfere with the plate ad-
vancement during the MIPO procedure (Fig. 3).

All anatomic obstacles were marked with K-wires to
determine their levels on the humeral shaft (Fig. 4a). At
the end of each procedure, the distances between the an-
atomic obstacles and lateral epicondyle were measured
and recorded. All measurements were performed using a
digital caliper (Fig. 4b). Each measurement was repeated
3 times, each time by different investigators (two senior
orthopaedic surgeons and one anatomist). The propor-
tions of the distances between the lateral epicondyle and
the anatomic obstacles to humeral length were calculat-

ed. The interobserver reliability (kappa value) was calcu-
lated using IBM SPSS Statistics version 20.

Results

The average humeral length was 271.8 mm (range:
253.3-287.9 mm) (Table 1). The anatomic obstacles
during retrograde plate advancement were detected on
the proximal half of the humerus, including the ante-
rior part of the deltoid muscle insertion (Fig. 1b) and
the most proximal part of the brachialis origin (Fig. 3).
The average length of the anterior aspect of the deltoid

Table 1. Morphometric measurements of the specimens.
Cadaver no 1 2 3 4 5 6
RA LA RA LA RA LA RA LA RA LA RA LA
THL 2714 27336 2533 253.9 287.87 2758 279.4  287.34 2753 27185 26738 2642
LE-DADI 137.81 136.61 137.12 133.16  134.75 136.9 148.2 151.15 138.7 138.98 136.56 134.23
LE-PADI 186.53  208.56 183.9 181.9 190.1 191.34 193,52 19862 181.58 188.82 182.22 178.81
LE-BO (p) 145.71 141.83 148.8 145.33 148.66  151.47 149.62 15448 14533 149.98 145.22 142.46
LADI 41.82 39.73 35.7 36.57 41.44 39.57 37.8 394 36.25 38.84 38.56  37.27

THL: Total humeral length; LE-DADI: Lateral epicondyle-Distal of anterior deltoid insertion; LE-PADI: Lateral epicondyle-Proximal of anterior deltoid insertion; LE-BO
(p): Lateral epicondyle-Brachialis origin (proximal); LADI: Length of anterior deltoid insertion; RA: Right arm; LA: Left arm.
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Fig. 5. Anterior view of humerus. Black line: K wire, THL: Total hu-
meral length, LE-DADI: Lateral epicondyle-Distal of anterior
deltoid insertion, LE-PADI: Lateral epicondyle-Proximal of an-
terior deltoid insertion, LE-BO(p): Lateral epicondyle-Brachialis
origin (proximal), LADI: Length of anterior deltoid insertion.
[Color figure can be viewed in the online issue, which is avail-
able at www.aott.org.tr]

insertion was 38.6 mm (range: 35.7-41.8 mm). The
distance between the lateral epicondyle and anterior
deltoid insertion was on average 188.9 mm proximally
(range: 178.8-208.6 mm) and 138.7 mm distally (range:
133.2-151.2 mm). The distance between the lateral epi-
condyle and the most proximal part of the brachialis
origin was on average 147.4 mm (141.2-154.4 mm).
The proportions of the distances between the lateral
epicondyle and proximal of anterior deltoid insertion,
lateral epicondyle and distal of anterior deltoid inser-
tion and lateral epicondyle and proximal of brachialis
origin to humeral length were 69.4%, 51%, and 54.2%,
respectively (Fig. 5).

An interobserver reliability analysis using the Kappa
statistic was performed to determine consistency among
raters. The interobserver reliability (kappa value) for the
measurements of total humeral length (THL), the dis-
tance between lateral epicondyle and distal of anterior
deltoid insertion (LE-DADI), the distance from later-
al epicondyle to proximal of anterior deltoid insertion
(LE-PADI), distance between lateral epicondyle and
brachialis origin (proximal) LE-BO(p) and the length
of anterior deltoid insertion (LADI), were found to be
0.81 (p<0.001), 0.67 (p<0.001), 0.62 (p<0.001), 0.71
(p<0.001) and 0.74 (p<0.001), respectively. These val-

ues indicate high interobserver reliability.

Fig. 6. Proximity of the radial nerve in the distal one third of the hu-
merus. [Color figure can be viewed in the online issue, which
is available at www.aott.org.tr]

Discussion

Although humeral shaft fractures have successfully been
treated by conservative means, surgical intervention may
also be needed under certain instances.”’ Recently some
authors proposed the MIPO technique for the manage-
ment of humeral shaft fractures, however, the proxim-
ity of neurovascular structures and anatomic obstacles
make the procedure a challenging alternative.[10121415]
To our knowledge, both clinical and cadaveric studies
have been published in order to define the danger zones
of the humeral shaft for screw placement. These stud-
ies indicate that improper screw placement can cause
damage to the musculocutaneous and radial nerves in
the anterior compartment during the MIPO technique;
however, the mechanical obstacles in this technique have
13151 In this study, the an-
terior part of the deltoid insertion and proximal part of
the brachialis origin have been detected as the main ob-
stacles encountered during the retrograde advancement
of the plate on the anterior humeral surface in this mini-
mally invasive technique. To our knowledge, this is the
first study demonstrating the significance of mechanical
obstacles on the anterior surface of the humerus while

performing MIPO.

Fixation techniques for humeral shaft fractures have
significantly changed over the last two decades."® Be-
sides the treatment of comminuted fractures of the tibia
and femur, the use of minimally invasive techniques for
the treatment of humeral fractures has dramatically in-
creased.l'"172!) Several publications have demonstrated
the safe and efficient use of MIPO in humeral shaft frac-
tures with insertion of bridge plates. Livani et al. has ini-
tially described the biological advantages and satisfactory

not been thoroughly studied.!
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clinical outcomes of MIPO for humeral shaft fractures.
(19 Apivatthakakul et al. have reported the advantages of
minimally invasive technique for humerus fractures via
anterior approach in a cadaveric study.'"? Furthermore
Zhiquan et al. have concluded that MIPO is a safe al-
ternative treatment for humeral shaft fractures with less
soft tissue dissection, less nonunion rates, less iatrogenic
fractures, and low risk of iatrogenic nerve injury."! This
technique also allows early functional treatment and
good range of motion in adjacent joints postoperatively.
() These advantages appear to indicate that MIPO may
be superior to other fixation techniques.

While inserting the instrument, the mechanical ob-
stacles on the anterior surface of the humerus should
be well established for a safer surgery. In our study, two
main anatomic structures were observed to be mechani-
cal obstacles on the anterior surface of humerus and
posed a threat to interfering with the MIPO approach.
The convergence of fascial structures constituted by the
anterior part of deltoid insertion and pectoralis major
insertion was the first obstacle, and the proximal part of
brachialis muscle origin was the second one. The deltoid
muscle inserts into the deltoid prominence on the mid-
dle of the anterior, lateral and posterior side of the body
of the humerus.??At its insertion, the muscle gives off
an expansion to the deep fascia of the arm and combines
with the pectoralis muscle fascia. All these fascial struc-
tures meeting at the lower limit of the deltoid insertion
forms a thick and strong barrier, which may cause plate
malposition and necessitate detachment of the anterior
deltoid insertion in order to propetly, advance the plate
on the anterior humeral surface in the retrograde direc-
tion.

The brachialis muscle arises from the lower half of the
anterior humerus, commencing above at the insertion of
the deltoid.?®! On either side of the arm, the brachialis
fascia gives off a strong intermuscular septum. The lat-
eral intermuscular septum extends from the lower part
of the crest of the greater tubercle, along the lateral su-
pracondylar ridge, to the lateral epicondyle; it is blended
with the tendon of the deltoid muscle and gives attach-
ment to the brachialis in front. Therefore, the retrograde
preparation of the extraperiosteal tunnel between the
brachialis muscle and humerus with a periosteal elevator
during MIPO may be quite damaging due to the wide
origin of brachialis on the anterior surface of humerus.

Furthermore, we also observed that due to the thick
insertion of the deltoid on the humerus, release of del-
toid anterior insertion was necessary in order to slide the
plate on the anterior surface. However, it is well docu-
mented that detachment of the deltoid from its ante-

rior part of insertion is a serious and often catastrophic
problem. Klepps et al, in a cadaveric study, noted that
release of greater than 1/5 of the anterior deltoid inser-
tion could compromise the anterior deltoid, which may
cause functional weakness and avulsions.?” Therefore,
the anterograde approach might be a reasonable alterna-
tive in order to bypass these obstacles and protect the
integrity of deltoid insertion.

This study also showed that the distal half of the hu-
merus is the obstacle free area for MIPO, despite the fact
that the radial nerve is still at risk (Fig. 6). It must be
recognized that regardless of the direction of the plate
advancement, particular attention should be paid to
avoid neurovascular injuries during MIPO for humeral
fractures.

Our study had some limitations. First, the proper-
ties of in vivo tissues are different from that of cadavers,
which limits the direct transfer of the data into clini-
cal practice. Second, because this study used cadaveric
specimens, there was no issue with bleeding, which is a
clinically significant risk in surgical cases and can make
the procedure challenging. In addition, increasing the
number of the specimens may improve the limitations
of this study, since identification of the anatomic varia-
tions requires larger series.

The current study demonstrated that the humeral
attachment of both deltoid and brachialis muscles are
main mechanical obstacles encountered during ret-
rograde plate advancement through the submuscular
tunnel on the anterior surface of the humerus. It also
showed that releasing the anterior part of the deltoid in-
sertion is necessary for creating an optimal submuscular
tunnel on the humerus. Although the findings reported
in the current study may include essential information
about minimally invasive plate application and position-
ing, they have not been addressed previously. In terms of
the plate advancement, even an antegrade advancement
plate appears to be a reasonable alternative in order to
bypass the mechanical obstacles; it was not proven in
this study. In the future, regarding the mechanical obsta-
cles, specific plate designs or surgical techniques should
be invented in order to enhance the MIPO technique for
humerus fractures.

Conflicts of Interest: No conflicts declared.
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