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ABSTRACT

Background: Minimally invasive plate osteosynthesis for the surgical
treatment of distal diaphyseal humerus fractures represents an attractive
option as it minimizes the extensive soft-tissue disruption associated with
the posterior open approach. A minimally invasive plate osteosynthesis
through an anteromedial has been proposed as an alternative; however,
it could be technically challenging due to the closeness of the median
and ulnar nerves and brachial artery.

Aims:This anatomical study aimed to determine the feasibility and safety
of a minimally invasive plate osteosynthesis through an anterior approach
and anterolateral fixation using a pre-contoured locking plate modified to
adjust to the anatomical surface of the lateral column of the humerus.

Methods: Nine arms from five fresh cadavers were used to simulate the
surgical procedure of minimally invasive plate osteosynthesis through an
anterior approach performing anterolateral fixation using a molded
commercially available locking plate on the lateral column of the humerus
of the previously created distal diaphyseal humerus fracture. Assessed
measurements were the interval from the distal part of the plate to the
capitellum, the interval from the plate to the lateral cortex of the humerus,
and the distance from the plate to the radial nerve.

Results: The most distal location of the plate is defined by palpating the
most proximal edge of the capitellum. The mean distance from the distal
part of the plate to the capitellum was 10.75 = 0.9 mm, from the plate to
the lateral cortex of the humerus was 5.25 = 0.7 mm, and from the plate
to the radial nerve was 10.9 = 0.6 mm.

Conclusion: This anterior approach for a minimally invasive plate
osteosynthesis with anterolateral fixation in distal diaphyseal humerus
fractures allows better visualization of the fracture site with minimal soft
tissue damage while protecting the radial neurovascular structures;

careful dissection is crucial to reduce potential complications.

Keywords: Humeral Fractures, Distal; Cadaver; Fracture Fixation, Internal;

Bone Plates; Minimally Invasive Surgical Procedures.
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Introduction
Distal diaphyseal humerus fractures (DDHF) are the

less frequent fractures of the humerus, representing
about 1-2% of all fractures in the adult population’2
These fractures occur in a bimodal distribution,
caused by high-energy traumas in males aged 12 -
19 years and by low-energy trauma and falls in
elderly females'™. Most DHFs are extra-articular
and often comminuted, making surgical treatment
a challenge due to the complex joint surface anatomy,
the poor bone quality frequently associated, and

the proximity of neurovascular structures'?4>.

Although open reduction and internal fixation
(ORIF) is the current standard of care for DDHF with
the objective of satisfactory restoration of elbow
function, stable fixation of all fracture fragments
and low rate of complications®*®, there is still
controversy about the ideal approach and plate
fixation that minimizes short-term and long-term
treatment-related complications such as iatrogenic

injuries to the radial and ulnar nerves while

reducing the soft-tissue trauma and scaring’*>?.

The posterior approach with single-column fixation
or dual plating are the techniques of choice of
many authors as they allow important articular
exposure but at the expense of osteotomy and
extensive soft-tissue disruption; nonetheless, the
outcomes with this approach have been clinically
and radiographically satisfactory’24471912_ Medial
and lateral approaches have also been evaluated
with acceptable results regarding the speed of
restoration of elbow function comparable to those
of the posterior approach™'. Parmaksizoglu et al.™
described a lateral approach in patients with extra-
articular DDHF that allowed a rigid fixation using
enough screws in the distal fragment with
satisfactory results without compromising elbow
flexion and decreasing the risk of iatrogenic radial
nerve injury'. Yet, the full open approach causes

extensive soft-tissue trauma and large scar.

Minimally invasive plate osteosynthesis (MIPO)
using different approaches for DDHF has been
proposed as a method that creates less soft-tissue

disruption™?. Two anatomical studies performed

|16 I17

by Cafiada-Oya et al.’®, and Yang et al.”, have
suggested that a MIPO, through an anteromedial
approach, could minimize the risk of injury to radial
neurovascular structures. However, this approach
involves a high degree of difficulty since anatomical
structures such as the median and ulnar nerves and
the brachial artery are at risk'®"”. An anterior approach
with anterolateral fixation could represent less risk
due to trauma surgeons' familiarity with the
anatomical structures involved and the avoidance

of medial neurovascular structures.

In this study, we conducted an anatomical study to
determine the feasibility of applying the MIPO
technique to treat DDHF using the anterior
approach with anterolateral fixation with a
modified commercially available pre-contoured
locking plate. We assessed the anatomical safety
of the radial neurovascular structures when placing
and fixing the plate.

Methods

ANATOMICAL STUDY

This anatomical study was performed on nine arms
from five fresh cadavers — two males and three
females - at the National Institute of Legal
Medicine (Medellin,
Colombia) and after our Institutional Review Board

and Forensic Sciences

(IRB) provided its approval. All methods were
carried out following guidelines and regulations.

As a first step, the plate is molded to accommodate
the anatomy of the anterior surface of the humerus.
LCP® Extra-articular Distal
Humerus Plate (DePuy Synthes, Johnson &

A contralateral,

Johnson) was used for each side. The plate
molding is carried out on two levels using the
system’s forceps. The first molding is performed
between the 4th and 5th distal hole to facilitate
adequate adaptation to the anterior cortex of the
distal humerus, and the second, between the 3rd
and 4th most distal hole for correction of the
curvature of the plate. A plastic humeral bone
model was used to assess the plate position after
molding to the desired shape, observing the bony
anatomical relations (Figure 1).

© 2024 European Society of Medicine 2



Distal humerus fracture anterolateral osteosynthesis
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Figure 1. Molding of the plate. (A) The arrows indicate the levels where the molding takes place. (B and C) The molded plate

indicated by the arrow is placed side by side to the original for comparison. (D) The molded plate is placed on the anterior surface

of the humerus to show the plate's fit for the bone anatomy.

The cadavers’ arms were thoroughly inspected
(palpation and x-rays) to rule out actual traumas,
fractures, previous surgical procedures, or
malformations in the anatomic area of interest.
One arm from a female cadaver, not included in the
measurements, served as a pilot specimen to
define landmarks, skin incisions, and stepwise
dissections needed for the proposed anterolateral

approach.

First, a distal diaphyseal fracture was created in
each humerus (n=8). A transverse fracture of the
distal third of the humeral shaft was recreated by a
direct posterior approach, about 9 cm proximal to
the articular surface, with the epicondyles as the

reference point (Figure 2).

Figure 2. Distal fracture creation. (A) Incision location for the posterior approach for fracture creation. (B) Controlled fracture

creation at distal humerus.

With the arm supine, the anterior approach begins
by marking the antecubital fold. Then, the site of
the first incision is marked perpendicular and 2 cm
proximal to the antecubital fold at the midpoint of
the anterior surface of the distal third of the arm;

taking the epicondyles as a reference, there, a 3 cm

skin incision was made (Figure 3).

Figure 3. Anterior distal approach. (A) The antecubital fold is marked. (B) The distance between the fold and the distal starting
point of the incision. (C) Length and location of the distal anterior incision.

© 2024 European Society of Medicine 3
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The dissection of the subcutaneous cellular tissue
is continued up to the arm fascia. The biceps
muscle is rejected medially, and the brachialis
muscle is exposed. The lateral antebrachial

Figure 4. Initial dissection. (A) The biceps brachii muscle. (B)
nerve after rejecting the biceps brachii.

The biceps brachii muscle is rejected medially, and
the brachialis muscle is bluntly dissected in the
same orientation of its fibers until the distal third of
the humeral shaft is exposed using a double-ended
US Army type retractor (long), identifying the
coronoid fossa and the lateral column of the distal

cutaneous nerve that runs between both muscles is

identified; that nerve does not require

manipulation (Figure 4).

o it

Exposure of the brachialis muscle and lateral antebrachial cutaneous

humerus. Then, an anterior approach with a 4 - 5
cm skin incision is performed on the proximal third
of the arm in the deltopectoral interval until the
humeral shaft is exposed, keeping in mind the

length of the chosen plate (Figure 5).

Figure 5. Anterior proximal approach. (A) The plate length is used to define the proximal approach. (B) The position of the proximal

incision is marked. (C) After the skin incision, the distal deltopectoral interval is searched for.

Fracture reduction is performed using elbow

traction movements, with about 60 degrees of
shoulder abduction and always keeping the elbow

flexed at 90 degrees with the forearm supinated.

»

Both approaches are communicated sub-
muscularly, and the molded plate is slid from distal

to proximal (Figure 6).

Figure 6. Plate insertion. The retrograde plate slipped through the distal incision up to the location of the proximal incision.

© 2024 European Society of Medicine



Distal humerus fracture anterolateral osteosynthesis

The location of the plate should be 1 cm proximal lateral column of the distal humerus with
to the most proximal part of the capitellum to avoid equidistant distances between the lateral cortex
blocking elbow flexion. With the help of the image and the coronoid fossa (Figure 7).

intensifier, the plate should be in the center of the

Figure 7. Plate distal position. (A and B). Images of the specimen after removing skin and biceps brachii muscle and completely
separating the brachialis muscle allow observing the optimal distance of at least 1 cm from the most distal edge of the plate to the
most proximal edge of the capitellum.

Distal fixation should occur with all five screws performed with three screws, and fracture
locked to obtain maximum benefit from the reduction and fixation are evaluated (Figure 8).
stability of the distal segment. Proximal fixation is

Figure 8. Plate fixation. (A) Distal fixation. (B) Appearance after complete fixation of the plate. An intraoperative C-arm verifies the
reduction and position of the osteosynthesis material. Conventional closure is carried out by planes.

MEASUREMENTS characterization of structures at risk. The proximity
To develop a minimally invasive surgical approach, and course of the radial nerve and its relationship
a plane dissection was first performed in the distal with the anterior cortex of the distal third of the

third of the arm for the identification and humerus were evaluated (Figure 9).

; ¢ e

Figure 9. Anatomical relations with the plate (specimen deprived of skin and the biceps brachii muscle). (A) Exposure of the radial
nerve before its bifurcation by the supinator muscle. (B) Separation of the brachialis muscle that contains the radial nerve in the
lateral belly. (C) Resection of the brachialis muscle to show the course of the radial nerve. (D) The proximity of the radial nerve to
the plate in the absence of the lateral portion of the brachialis.

© 2024 European Society of Medicine 5



For defining the relationships of nervous structures
with osteosynthesis material, three distances were
defined:

Interval from distal part of plate to capitellum:
considered from the distal end of the plate to the
most proximal edge of the capitellum.

Interval from plate to lateral cortex of humerus:
measured from the distal lateral edge of the plate

to the lateral cortex of the distal humerus.

(3) Distance from plate to radial nerve: estimated from

the distal and lateral border of the plate to the

radial nerve.

All  three measurements were conducted in

millimeters using a standard metric system ruler.

Figure 10 depicts schematic illustrations of the final

anatomical position of the plate and its

relationships with the radial nerve and capitellum.

Figure 10. Anatomical illustrations. (A) Depicts the relationship of the plate with the capitellum and the radial nerve. (B) lllustrates

the optimal position of the plate to avoid anterior impingement during flexion. (C) Representation of the final location and position

of the plate after reduction and fixation.

STATISTICAL ANALYSIS

Statistical descriptive analysis of all measurements
was conducted using SPSS statistical software
(version 25.0; IBM Corp, Armonk, NY, USA). The
continuous variables are presented as mean,
standard deviation (SD), median, minimum, and

maximum.

Results

ANATOMICAL ASSESSMENT

Through the initial distal incision, the lateral
antebrachial cutaneous nerve was clearly identified
in all specimens. The rejection of the biceps brachii
muscle from the surgical approach and the
dissection of the brachialis muscle permitted easy
exposure of the distal third of the humeral shaft.
Likewise, the proximal humeral shaft exposure was
also easily achieved through the proximal incision.

The most proximal edge of the capitellum should

be palpated to define the most distal location of

the plate. Once the plate was placed, the mean
(SD) distance from the distal part of the plate to the
capitellum was 10.75 (0.9) mm (Table 1). The
anterolateral approach allowed the placement of
the plate on the lateral column of the humerus in a
simple way, with a mean (SD) distance from the
plate to the lateral cortex of the humerus of 5.25
(0.7) mm (Table 1). These distances were consistent
across all anatomic specimens.

The radial nerve runs lateral to the most lateral
edge of the plate in the distal region, and a higher
risk of damage was observed in the distal approach
when the brachialis muscle is dissected in the
middle; however, the closest distance from the
plate to the radial nerve was 10 mm with a mean
(SD) of 10.9 (0.6) mm.

The vascular structures are not at risk from this
approach because, distally, they are in the medial
part of the arm.

© 2024 European Society of Medicine 6



Table 1. Measured distances

Distances (mm)

The distal part of the Plate to lateral cortex Plate to the

Cadaver# Arm# Side Sex . .
plate to capitellum of the humerus radial nerve
1 1 Left 10 4 10
] Male
2 Right 10 5 11
3 Left 10 5 10
2 , Female
4 Right 12 6 12
5 Left 11 6 11
3 _ Male
6 Right 12 6 11
7 Left 10 5 11
4 . Female
8  Right 11 5 11
Mean 10.75 5.25 10.9
SD 0.9 0.7 0.6
Median 10.5 5 11

SD: standard deviation

Discussion

Open reduction and internal fixation remain the
primary treatment options for extra-articular DDHF,
given the risk of malunion and nonunion of this
type of fractures. Additionally, surgical treatment
allows for an earlier return to everyday activities.
However, plating and internal fixation are intricate
due to the complex anatomy of the elbow, and
complications often lead to sequelae, such as
elbow stiffness and irremediable neurovascular
compromise’*=>. Numerous surgical methods have
been proposed to reach the fracture site while
reducing injury to the neurovascular structures™”2'-%,
Minimally invasive plate osteosynthesis (MIPO)
approaches for DDHF treatment continue to
develop, reporting good results and, therefore,
becoming more popular'®?"%. With this cadaveric
study, we showed that MIPO through an anterior
approach using the lateral column of the humerus
as a fixation point for this specific plate, is feasible

and anatomically safe.

The

osteosynthesis has been gaining acceptance as a

minimally invasive approach for plate

surgical method for treating DDHF, which, by
avoiding excessive dissection to reach the fracture
site, produces less soft tissue damage’™2%,

Nonetheless, the reduction of the dissection field

© 2024 European Society of Medicine

could come at the expense of an increased risk of
neurovascular compromise. Performing postoperative
ultrasound, Livani et al.?’ showed that the radial
nerve could be at a higher risk of injury after a
MIPO through an anterior approach for DDHF with
plates fixated to the lateral column of the humerus,
given its “critical point” of closeness to the plate,
but their findings lacked statistical significance?.
Contrasting, in the metanalysis performed by
Beeres et al.”’ comparing different clinical and
radiological outcomes of ORIF versus MIPO for
DDHF treatment, it was shown that secondary and
transient radial nerve palsy occurred significantly
with less frequency after MIPO than after ORIF?.

In the search for the ideal surgical approach for a
MIPO to treat middle and DDHF, several authors

18,20
I

have  proposed  posterior’”,  anterior

|16,17 |26

anteromedial'®", and anterolateral® approaches
that allow exposing sufficient fixation space with
less extensive surgical dissection while minimizing

iatrogenic radial nerve injury.

Jitprapaikulsarn et al."

published a technical note
for MIPO with a posterior approach for DDHF
performed in 18 patients with type B or C fractures.
According to the authors, this approach provides
better exposure and visualization of the fracture

site but carries an important risk of iatrogenic injury

7



of the radial nerve. However, in that series, only
two patients presented temporary radial nerve
palsy that fully recovered within 12 weeks'. On the
other hand, even though the anterior or
anteromedial approach to the humerus may also
lead to iatrogenic injury to either the radial or to
the ulnar and median nerve, respectively, both

171920 studies have

anatomical’®" and - series
shown that this damage while placing the plate can
be avoided if the fracture-to-coronoid distance
(FCD) is >2 cm; otherwise, other approaches are
advisable. Zhao et al.?* used the anterolateral
approach with only one distal incision at the
fracture site in 28 patients with DDHF. The authors
described how the fracture reduction and radial
nerve exploration were achieved through the small
incision;  during

follow-up, no  iatrogenic

neuropraxia occurred”.

In our study, with the anterior approach and
anterolateral fixation, the most immediate risk of
radial nerve injury is in the distal approach when
of the
intermuscular septum, given its proximity to the

performing the lateral separation
nerve path; this injury is avoided by performing
blunt longitudinal dissection of the brachialis
muscle, maintaining separation, without tension,
along the muscle. The distance from the radial
nerve to the lateral column and the lateral edge of
the plate was, on average, 10.9 £ 0.6 mm, as seen
in Figures 9C and 9D. Then, after blunt dissection
of the brachialis muscle, and to protect the nerve,
the force of separation must be minimal to avoid
injury due to traction of the nerve. We agree with
Zhao et al.?* with the suggestion that, with an
adequate anterolateral approach, the radial nerve
can be easily visualized and exposed between the
brachialis and brachioradialis muscles, allowing for
safe manipulation of the surgical field and plate
placement without disturbing the nerve. However,
contrary to the technique performed by Zhao et
a.’®, our method does not involve nerve
exploration or neurolysis, which could decrease
accidental nerve injury. Additionally, our double
incisions permit a more controlled proximal

visualization and handling of the plate.

Other studies have reported using minimally
invasive approaches through an anteromedial and
distal incision using the medial column of the
humerus as a fixation point. The surgical technique
requires either an incision in the pronator teres
muscle to insert the plate as described by Cafada-
Oya et al.’ in their anatomical study, or the
creation of a soft tissue tunnel under the brachialis
muscle to avoid exposure of the neurovascular
structures, as the one utilized by Yang et al.”’. Even
though the results reported up to now by the latter
are satisfactory without neurovascular injuries',
special training is required to use this surgical
technique safely and avoid injuries to the median

nerve, brachial artery, and ulnar nerve.

The stability of the fixation depends on several
factors, such as the type of fracture, the plate’s
shape and length, enough to cover the hole
fracture line proximally and distally, the suitable
bone surface for strong screw positioning, the
position of the screws and the density of screw
placement. Apivatthakakul et al.?® and Zhiquan et
al.?® explored the feasibility and safety of a MIPO
with an anterior approach for middle and distal
third humeral shaft fractures in cadaveric specimens
and in a series of patients, showing promising results.
However, in both techniques, fixation is performed
with a straight plate and not placed in the lateral
column of the humerus®?. The thicker distal profile
of a straight plate does not allow for its proximity
to the capitellum, making it a challenging method
for very distal fractures. Zhao et al.? utilized an
anterolateral approach using a locking compression
plate of 10-14 holes that was molded to fit the anterior
surface of the humerus and placed at either the
lateral or medial columns. The possible drawn back
of their technique resides in the fact that the distal
fixation is performed with few screws (2 or 3)%, which

could provide less stability to the distal segment.

In the proximal region of humeral shaft fixation, the
plate's position will depend on the extent of the
fracture line. Usually, a 10-hole LCP® Extra-
articular Distal Humerus Plate (DePuy Synthes,
Johnson & Johnson) will offer an appropriate

© 2024 European Society of Medicine 8



working length to allow relative stability and, thus,
fracture healing. With longer plates, the fixation
must be immediately lateral to the path of the long
head of the biceps before it enters the bicipital
groove, a problem that Fernandez Dell'Oca® exposes
in his study. As mentioned, previous works have
already exposed the possibility of fixing distal shaft
fractures of the humerus with straight plates®?>??,
providing fixation immediately proximal to the
coronoid fossa or in the most proximal region of
the lateral column, with the drawback of having a
low density of distal screws placing®. The stability
of the fixation is at risk if the line is very distal or if
it can fix only those fractures at a certain distance

230 The main advantage

from the coronoid fossa
offered by the use of this proposed surgical
technique in DDHF is that by being able to perform
distal fixation in the lateral column with five cortical
or blocked screws, it allows stable fixation of the
vast majority of distal fractures of the humerus,
even fractures relatively close to the coronoid
fossa, a limitation that is described in the initial

development of minimally invasive osteosynthesis'®®.

There are some limitations to this approach and
fixation. First, in this technique, to preserve the
elbow flexion, the minimum distance from the most
distal edge of the plate to the most proximal part
of the capitellum or the FCD should be 1 cm.
However, this distance is very similar to the
distance from the olecranon fossa to the fourth
most distal screw reported by Yang et al."” in their
anteromedial approach and smaller than the FCD
recommended by Jitprapaikulsarn et al.” in their
anterior approach. Furthermore, the advantage of
this technique with this specific plate is that its
thinner profile in the distal end allows for closer
proximity to the capitellum without interfering with
the elbow flexion and permits a more stable
fixation because of the number of distal screws that
can be placed. Second, we used a commercially
available  contralateral  extra-articular  distal
humerus plate that needed to be modified into the
desired shape to adapt to the anatomy of the
anterior surface of the humerus. The subjectivity of

the required bending or molding of the plate is

part of the technique's learning curve. However, it
is still being determined if the molding of the plate
could deplete its cycling, leading it to failure due
to loosening or fatigue of the material. Currently,
we are carrying out a mid and long-term follow-up
of a series of patients that could provide evidence
of the stability of the fixation with the altered plate.
Third, although the proximity to the distal radial
nerve carries a risk with this technique, the
approach allows for direct visualization of the
structure without exploring it and avoiding any
unintentional damage. Additionally, the distance
from the plate to the radial nerve is considerably
larger than the mean “critical point” of 4 mm
reported by Livani et al.?’ in their ultrasound study.

Conclusion

We propose a new anterior approach and
anterolateral fixation for minimally invasive plate
osteosynthesis of distal humerus fractures using a
manually molded pre-contoured modified locking
plate fixated to the lateral column of the humerus.
This approach allows better visualization of the
fracture site with minimal soft tissue damage while
protecting the radial neurovascular structures;
careful dissection is crucial to reduce potential
complications.
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