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Humeral Shaft Fixation in Adults:
Plate Fixation, Intramedullary Nail,
or Nonoperative?

Elena Galvez-Sirvent, Aitor Ibarzabal-Gil,
and E. Carlos Rodriguez-Merchan

8.1 Introduction

Fractures of the proximal humerus account for
1%—-5% of all fractures [1], with an incidence of
13—14 cases per 100,000 population and a
bimodal distribution, with a peak in young adults
aged 20-30 years related to high-energy trauma
and another in the elderly due to falls from their
own height and lower-energy trauma associated
with osteoporosis [1, 2].

There are several treatment options for this
type of fracture, with controversy in the current
literature and much variability in surgeon prefer-
ences [3].

8.2 Anatomy
To understand how these fractures behave and to
establish the basis for their treatment, it is impor-
tant to know certain anatomy details of the
humeral diaphysis and its vasculonervous
relationships.

The humeral diaphysis extends from the surgi-
cal neck of the proximal humerus [4] or superior
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border of the pectoralis major insertion [5] to the
epicondyles or supracondylar crest [4, 5]. This is
cylindrical in its proximal half and then becomes
triangular, with three surfaces—anterolateral,
anteromedial, and posterior [4, 5]—and a nar-
rower diameter, which is important to take into
account in the case of intramedullary fixations.
Most of the vascularization of the humeral diaphy-
sis arrives via a nutritional artery along the antero-
medial border between the insertion of the
coracobrachialis and anterior brachial muscles [4].
There are important and close vasculonervous
relationships and structures to be considered,
which can be injured by both the fracture itself
and iatrogenically either by manipulations or in
its surgical management. The humeral diaphysis
has certain areas that the surgeon must know how
to recognize because they are key points in these
vasculonervous relationships. The deltoid tuber-
osity is a slight V-shaped bony outgrowth on the
anterolateral surface where, as its name indicates,
the deltoid muscle inserts [4]. This fact is impor-
tant because, in diaphyseal fractures of the proxi-
mal third of the humerus below the deltoid V, the
deltoid tends to pull on the proximal end and dis-
places it. Another important landmark is the
radial groove that develops posteriorly at the
insertion of the lateral belly of the triceps and
extends distally and laterally and houses the
radial nerve along with the brachial artery [4].
The vasculonervous structures in relation to
the humeral diaphysis are the brachial artery and
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axillary nerve in the most proximal part and the
radial, ulnar, median, and lateral antebrachial
cutaneous nerves, sensory branches of the mus-
culocutaneous nerve, in the most distal part.
Special mention should be made of the radial
nerve, the most commonly injured structure in
this type of fractures, and the lateral antebrachial
cutaneous nerve, present in the anterior mid-
distal third approach.

The radial nerve is the main structure that can
be affected in diaphyseal fractures of the humerus,
with a reported rate of injury of 7-17% [6], which
can be primary or iatrogenic. latrogenic injury
rates in the literature range around 7%, but rates
of up to 32% have been reported in some series
[7, 8]. It is therefore important to have a good
knowledge of the pathway and relationships of
this nerve. It comes from the posterior fascicle of
the brachial plexus, from nerve fibers coming
from the spinal roots C5, C6, C7, and C8. It
passes through the anterior aspect of the subscap-
ularis muscle, descends medially along with the
brachial artery, then separates from it, passes pos-
teriorly between 18.1 and 20.7 cm proximal to
the medial epicondyle, and enters the torsion
canal [9, 10]. It leaves the latter between 10.1 and
14.8 cm proximal to the lateral epicondyle and
crosses the lateral intermuscular septum of the
arm to pass into the anterior compartment
between 7.5 and 10 cm proximal to the elbow
joint [11], an important anatomical relationship
due to the possible injury of this nerve in Holstein
Lewis fractures [12].

The lateral antebrachial cutaneous nerve is a
terminal branch of the musculocutaneous nerve,
which, after innervating the biceps and anterior
brachial muscles, becomes superficial crossing
the bicipital aponeurosis innervating the cutane-
ous region of the radial border of the forearm.

It is important to know the anatomy and rela-
tionships of these structures to avoid injury dur-
ing surgical approaches. As we have said, the

structure with the highest rate of injury in these
fractures, both primary and iatrogenic, is the
radial nerve, which we will make special mention
of throughout this chapter.

8.3  (Classification of Diaphyseal

Humeral Fractures

Fractures of the humeral diaphysis can be defined
according to location (proximal to the pectoralis
major insertion, between the pectoralis major and
deltoid insertions, or below the deltoid insertion)
[5], fracture morphology (transverse, oblique,
spiroid), angulation, displacement, and commi-
nution or whether the fracture is open or closed.
The most commonly used classification for open
fractures is the Gustilo classification [13].

Accordingtothe fracture pattern, the mostcom-
monly used classification is that of the AO/OTA
(Arbeitsgemeinschaft fiir Osteosynthesefragen
(AO)/Orthopaedic Trauma Association (OTA)
[14], which classifies fractures into 3 types—
type A (simple fractures 63.3%), type B (wedge
or butterfly wing fractures), and type C (complex
comminuted fractures)—and then subdivides
them into three distinct patterns according to the
magnitude of comminution. Interobserver agree-
ment for the 3 fracture types and for the 9 frac-
ture groups was moderate (k = 0.46 and k = 0.48,
respectively) [14].

There are also eponyms to describe certain
fracture patterns, such as the Holstein-Lewis
fracture, described in 1963 [15], an extra-articular
spiroid displaced fracture of the distal third of
humerus, where the proximal peak of the distal
fragment deviates laterally, thus resulting in a
high rate of radial involvement, since at that level
this nerve crosses the lateral intermuscular sep-
tum to pass into the anterior compartment. It con-
stitutes 7.5% of all humeral diaphyseal fractures
[8, 12] (Fig. 8.1).
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Fig. 8.1 Holstein-Lewis fracture

8.4 Initial Patient Assessment
During the anamnesis, the mechanism of injury
should be ascertained; a fall from its own height
with low-energy trauma indicates possible bone
fragility, whether previously diagnosed or not. A
high-energy trauma should warn us about possi-
ble associated injuries, both vasculonervous
lesions at the fracture level and possible associ-
ated injuries.

In the physical examination, we will find pain,
functional impairment, swelling, and frequent
deformity at arm level. It will be necessary to
verify a correct state of soft tissues and to rule out
wounds that turn the injury into an open
fracture.

It is essential to perform and record in the
clinical history an initial neurovascular evalua-
tion before any manipulation or surgical inter-
vention and, again after them, paying special
attention to the radial nerve, the most frequently
injured, by checking the ability to extend the
wrist and fingers. We will also check the ulnar
nerve by means of Froment’s sign and the median
nerve by means of the extension of the first fin-
ger. The axillary nerve should be examined by
means of the sensitivity in the deltoid area since
the functional impotence due to the same fracture
prevents us from abducting the arm. Finally, it is
important to check the radial and ulnar pulses to
rule out the involvement of the brachial artery.

A simple radiography in two projections will
generally be sufficient for a correct diagnosis and
characterization of the injury, including the adja-
cent joints, elbow, and shoulder. Other tests such
as magnetic resonance imaging (MRI) or CT
scan are reserved for a second time to evaluate
possible lesions of the rotator cuff or other asso-
ciated shoulder structures or consolidation
delays, respectively.

The initial treatment will be immobilization
by means of a hanging cast or U-splint. We would
opt for an external fixator in open fractures with
significant exposure (Gustilo III) where we con-
sider that primary closure and definitive treat-
ment is not possible or in the case of
polytraumatized patients with injuries at other
levels for damage control.

8.5 Treatment

The treatment of these fractures can be classified
as conservative or surgical, the latter being an
open reduction and internal fixation by means of
a plate or a closed reduction and internal fixation
by means of an intramedullary nail. In recent
years, percutaneously placed plates have also
been increasingly used.

As early as 1977, Sarmiento described good
results with conservative treatment [15], which
have been corroborated by numerous studies by
the same author and others [16, 17]. For many
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surgeons, it is still considered the gold standard
treatment. However, there has been a growing
trend toward surgical management of these frac-
tures, despite the lack of evidence in the literature
on its superiority over orthopedic treatment. A
study analyzing the Finland National Hospital
Discharge Registry showed an increase in surgi-
cal treatment in the last two decades, doubling in
men and almost tripling in women [18].

8.5.1 Conservative Treatment

As we have said, this is a treatment option with
good results described decades ago [15-17, 19].
Before Sarmiento’s description of functional
immobilization, rigid immobilizations involving
the shoulder and elbow (brachial splints,
U-splints, hanging casts, Velpeau bandages) were
used, which caused joint stiffness of the shoulder
and elbow. In addition, it was also observed that
functional rather than rigid immobilization cre-
ated a larger and stronger callus [20].

Conservative treatment is performed sequen-
tially. Initially, the fracture is immobilized in a
hanging cast or U-splint for one to 2 weeks [15].
After this period, the immobilization is replaced
by a prefabricated functional brace that can be
adapted to the patient’s arm by means of straps
and can be tightened over the weeks as the swell-
ing goes down. This system is based on external
compression of the fracture through the muscula-
ture and other soft tissues, achieving good con-
trol of angulation and rotation, although not so
much of the shortening, which depends more on
the initial pattern of the fracture. Thanks to this
system, the patient will be able to mobilize the
elbow and shoulder according to tolerance to
avoid stiffness [21]. To control the possible sec-
ondary displacement of the fracture, a control
X-ray should be taken at 1 week of evolution and
then serial X-rays every 2 weeks until the treat-
ment is completed, which will last between 10
and 12 weeks on average [1].

Consolidation rates of between 77.4 and 100%
have been described. Sarmiento published in
2000 a large series of 620 patients treated in this
way with a nonunion rate of less than 2% in

closed fractures and 6% in open fractures.
Furthermore, this consolidation was achieved in
87% with less than 16 degrees of varus angula-
tion and less than 16 degrees of anterior angula-
tion [17]. Since then, numerous studies have been
published confirming these good results.

In addition, in some studies, certain fracture
patterns were observed to have worse healing
rates with conservative treatment. Koch pub-
lished a series of 67 fractures in 2002, with 87%
healing in an average period of 10 weeks. Of the
9 cases of nonunions that required surgery, 6
were single-trait transverse fractures [16].
Rutgers published in 2006 a series of 49 patients
with 44 of them (90%) consolidating. Of the five
that did not consolidate, four were proximal third
[19]. Ekholm published in 2006 a series of 78
patients with 90% consolidation after conserva-
tive treatment. The majority of nonunions, with a
nonunion rate of 20%, were single-stroke frac-
tures (type A of the AO classification) in the
proximal third. He also reflected that functional
outcomes were good in patients in whom the
fracture consolidated with conservative treatment
from the beginning but worse in those who
required surgery for nonunion, even if consolida-
tion was finally achieved, so this author recom-
mended assessing a surgical treatment from the
beginning for simple fractures of the proximal
third, due to a higher risk of nonunion [22]. Ali
published in 2015 a series of 138 fractures, with
a consolidation rate of 83%, observing worse
rates also in proximal third fractures and better
rates in comminuted fractures than in simpler
traces, being more specifically oblique proximal
third fractures the ones with the lowest union rate
[23]. These results are reflected in Table 8.1 [16,
17,19, 22, 23].

Table 8.1 Published healing rates of conservative treat-
ment of diaphyseal humerus fractures

Author Year N Healing rate
Sarmiento [17] 2000 620 97.4

Koch [16] 2002 67 86.6
Rutgers [19] 2006 49 89.8
Ekholm [22] 2006 78 89.7

Ali [23] 2015 138 83

N Number of cases
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Fig. 8.2 (a-b) Diaphyseal fracture of the proximal third
of the humerus with oblique trace, treated conservatively
(a). Six months later, the fracture showed no signs of heal-

Papsoulis conducted a literature review in
2021 with 16 case series and two comparative
studies and observed a 94.5% healing rate in a
mean time of 10.7 weeks, also observing a higher
rate of nonunion in single-trace fractures (type A)
in the proximal third [24]. It is suggested that the
cause of this fact may rely on the action of the
deltoid and pectoralis major displacing the proxi-
mal fragment and producing a muscular interpo-
sition in the fracture line. The same conclusion
was reached by Ring et al. in their 2007 study
[25]. They studied 32 patients with nonunions
after orthopedic treatment of diaphyseal fractures
of the humerus, 17 of which were in the proximal
humerus, 14 in the middle third, and 1 in the dis-
tal third. Twenty-seven fractures had an oblique
or simple spiral trace.

Regarding residual angulation, Klenerman
described a sagittal angulation of 20° and a
varus angulation of 30° as tolerable for good
function as early as 1966 [26]. Since then, these
parameters have been accepted. A valgus of 30°,
a malrotation of 15°, and a maximum shortening
of 3 cm have also been established as tolerable
[27].

Therefore, conservative treatment of humerus
diaphyseal fractures is a good option, with high
healing rates and good functional results even

ing (b). Eighteen months later the fracture was in non-
union status (c¢)

Table 8.2 Indications for surgery in diaphyseal fractures
of the humerus

* No tolerance to conservative treatment
e Fracture pattern

— Inadequate reduction

— Intra-articular extension

— Floating elbow

— Metastasis

— Polytraumatized (relative)

— Bilateral (relative)
¢ Soft tissue involvement (Gustilo III, burns,
extensive abrasions)
Brachial plexus injury
e Vascular injury in need of repair

with significant angulations. However, we know
that certain fracture patterns, mainly single and
proximal third traces, specifically a long oblique
proximal third trace, probably due to muscle trac-
tion, have a higher risk of nonunion, and we
could consider surgical treatment from the begin-
ning (Fig. 8.2).

However, there are still absolute indications
for surgery [13], which can be classified into sev-
eral causes, summarized in Table 8.2:

— Because of non-tolerance to conservative
treatment: obese patients, with poor pain con-
trol with immobilization or who simply refuse
this type of treatment, since there is evidence
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that, for optimal conservative treatment, the
patient must be satisfied with this method
[22].

— By fracture pattern: whether adequate angula-
tion cannot be obtained by functional immobi-
lization or whether secondary displacement
occurs after this treatment. Close follow-up by
serial radiographs is therefore important. As
mentioned above, the accepted angulation val-
ues are 30° of varus or valgus, 20° of anterior
angulation, 15° of malrotation, and 3 cm of
shortening [26, 27]. We would also opt for sur-
gical treatment if the fracture has intra-
articular extension, which would bring us
closer to the plate option. Finally, if it is a
floating elbow or in case of a pathological
fracture due to metastasis, we would consider
pin fixation. A polytraumatized patient or
bilateral fractures would be a relative indica-
tion for surgery.

— Due to poor condition of soft tissues: open
Gustilo type III fractures, burns, or extensive
abrasions requiring frequent dressing.

— Associated vascular lesions that need to be
surgically repaired, since fracture fixation,
preferably rigid fixation with a plate, would be
indicated to protect the anastomosis [1].

— Brachial plexus injuries: in these cases, high
rates of nonunion have been observed in con-
servative treatment with functional plaster,
due to poor muscle tone, not achieving ade-
quate compression. In addition, this situation
delays rehabilitation [28].

Regarding primary radial nerve involvement,
it is not currently considered by itself a criterion
for surgery. The literature has described high
(73-95%) and similar rates of nerve recovery
with both expectant management and early surgi-
cal revision, so it has been advised to avoid surgi-
cal indication from the outset [29-32]. However,
other authors disagree and have created decision
algorithms when facing radial palsy. The recom-
mendation is to perform an electromyogram
between week 3 and 4 and week 6 and week 12.
Progressive reinnervation should be observed,
although full recovery may take 6—12 months. If

at week 12 there is no recovery, some authors
suggest surgical revision of the nerve. For other
authors, this date may be extended to the 4th—
sixth month [33]. In the case of fractures with
radial symptoms that require surgical treatment
for another reason (described in Table 8.1), it is
recommended that a revision of the radial nerve
be performed at the same time. The osteosynthe-
sis method of choice in these cases would be the
plate, since there is a possibility of the nerve
being in the fracture site and getting injured dur-
ing intramedullary nail insertion [33].

8.5.2 Intramedullary Nailing

In comparison with open fixation with a plate,
intramedullary fixation provides greater respect
for the soft tissues and periosteal circulation, thus
improving the biological environment for the
repair of the fracture [1, 4]. In addition, being an
intramedullary implant, it is aligned with the
loading axis of the humerus, contributing to a
better load distribution and more resistance to
bending. It would be the implant of choice in
cases of pathological fractures or bifocal frac-
tures [1, 4].

Its main drawback would be residual pain and
functional impairment of the shoulder in antero-
grade nails, the most commonly used, due to
damage to the cuff in the hypovascular area near
its insertion or subacromial occupation by pro-
trusion of the material [34, 35]. For this reason,
modifications in the entry point have been con-
sidered to try to minimize damage to the cuff
insertion, making it more medial, more lateral,
through the Neviaser portal or through the rota-
tor interval [36-39]. It is also important to per-
form a good reduction, even if it is not direct as
in plate placement. In oblique proximal traces,
which are displaced by the action of the deltoid
and pectoralis, a mini-open may be necessary to
start introducing the nail with the fracture
already reduced by a clamp or cerclage, in order
to avoid possible nonunion of these traces, which
is also greater in conservative treatment
(Figs. 8.3 and 8.4).
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Fig. 8.3 (a-b) Reduction of diaphyseal fracture of the proximal third of the humerus with long oblique line by mini-
open prior to intramedullary nailing (a). Nail insertion while maintaining the reduction (b)

Fig. 8.4 (a—c) Diaphyseal fracture of the proximal third healing (b). At 21 months after the fracture, the fracture
of the humerus with oblique trace treated by intramedul- ~ was in nonunion (c)
lary nailing (a). Five months later showed no signs of
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As for retrograde nails, which are less com-
monly used, there is a risk of supracondylar
humerus fracture during placement, as well as
elbow joint stiffness and heterotopic calcifica-
tions, although they would prevent rotator cuff
damage [40, 41]. In addition, they have shown
similar results in terms of consolidation and com-
plications with respect to the antegrade ones.
However, they are less used probably due to their
technical difficulty at the insertion point,
requiring an oval entry area of several centime-
ters to avoid producing iatrogenic fracture of the
anterior cortex of the humerus.

8.5.2.1 Results

The union rates are high, similar to conservative
treatment, between 85% and 100%; the results
are reflected in Table 8.3 [34, 42—47]. In contrast,
high rates of residual pain and functional impair-
ment of the shoulder have been reported, ranging
from 6% to 100% in some series [48]. The lon-
gest published series [34] retrospectively
reviewed 99 patients treated with intramedullary
nailing, 54 antegrade, and 45 retrograde. A 97%
consolidation rate was observed, 3 cases of radial
paresis after surgery, which recovered spontane-
ously. Regarding shoulder function, measured by
the Constant scale, 91.3% showed excellent func-
tion and 5.4% good. Elbow function, using the
Mayo Elbow Score, was excellent in 81.5% and
good in 14.1%. All patients with shoulder func-
tion deficits corresponded to antegrade nails, and
all those with elbow function deficits corre-
sponded to retrograde nails.

Table 8.3 Healing rates of humerus diaphyseal fractures
treated with intramedullary nailing

Author Year N Healing rate
McCormark® [46] 2000 19 89%
Chapman® [47] 2000 38 95%
Changulani® [44] 2007 21 85.7%
Rommens [34] 2008 99 97 %

Putti® [42] 2009 16 100%
Singisetti® [43] 2010 20 95%
Benegas® [45] 2014 19 94.7%

*Comparative studies with plate; N Number of cases

8.5.3 Internal Fixation with Plate

In the case of opting for surgical treatment, the
indications for a plate instead of a nail would be
the need for an arterial repair taking advantage of
the same approach and thus achieving a rigid
fixation that protects the anastomosis [49] and
the articular extension, either distal or proximal,
of the fracture, since an anatomical reduction
would then be required (Fig. 8.5). As previously
mentioned, radial involvement in a fracture with
surgical treatment criteria for another reason
would make us more inclined to opt for a plate as
a method of osteosynthesis associated with radial
exploration, since there is a likelihood that the
nerve is trapped in the fracture site and can be
injured during the intramedullary nail insertion
[33].

8.5.3.1 Surgical Approaches

For the proximal and middle third, the anterolat-
eral approach is commonly used, a prolongation
of the shoulder deltopectoral approach that goes
down the lateral area of the biceps, displaces it
medially, and goes deeper through the brachialis
muscle, between its middle and lateral thirds,
taking advantage of the double innervation of this
muscle. In fact, some authors have proposed a
new division of this muscle into two independent
fascicles [50]. The only vasculonervous structure
to be taken into account at this level is the lateral
antebrachial cutaneous nerve, a sensory branch
of the musculocutaneous nerve, which is located
between the biceps and the brachialis. This
approach allows a large exposure of the diaphysis
in the middle and proximal thirds.

For the distal third, the most commonly used
approach is the posterior approach, which can
expose both the diaphysis and the elbow in case
of intra-articular extension. In addition, a good
exposure of the radial nerve is also achieved at
proximal level, when it is located posteriorly, in
the torsion canal, being able to place a plate under
it if the fracture extends more proximally. Deep
planes are accessed through the triceps fibers by
separating them longitudinally or through lateral



8 Humeral Shaft Fixation in Adults: Plate Fixation, Intramedullary Nail, or Nonoperative? 97

Fig. 8.5 (a—b) Diaphyseal fracture of the proximal humerus with intra-articular extension (a). Treatment by open
reduction and internal fixation with plate (b)

and medial paratricipital windows, thus avoiding
injury to the muscle belly. Gerwin published an
anatomical study on 10 specimens where three
types of posterior approach were performed [51].
Through triceps-splitting, 15.4 +/— 0.8 cm of
humerus was exposed, from the epicondyle prox-
imally, where the radial nerve crosses the poste-
rior part of the humerus, seeing a total of 55% of
the humerus. A second modification also mobi-
lizes the radial nerve toward proximal and visual-
izes 6 cm more of the humerus toward proximal,
76% of the humerus. Finally, the third variant is
the modified posterior approach, where the radial
nerve was located in the distal and lateral area of
the humerus and the triceps was retracted medi-
ally, being able to expose 26.2 + 0.4 cm of the
humeral diaphysis from the epicondyle to the
proximal, 94% of the humerus. Clinical studies
have also shown good results with the latter
approach, emphasizing the large exposure
achieved [52].

Other authors have proposed less used
approaches such as the medial approach, although
reserved only for the middle third, neither proxi-
mal nor distal, demonstrating the same results as

with the anterolateral approach and proposing it
as a more aesthetic alternative to the latter [53].
There are also groups that have used neurostimu-
lators in their approaches to avoid radial injury

[3].

8.5.3.2 Type and Placement of Plates

Following the principles of AO, the plates, gener-
ally of large fragments, can be arranged to give
compression to the fracture, as neutralization
plates of an interfragmentary compression with
one or more screws or as bridging plates. This
arrangement will depend on the fracture trace. In
a simple trace, direct reduction and interfragmen-
tary compression can be applied by plate in short
transverse or oblique traces and by interferential
screws plus neutralization plate in longer spiroid
or oblique traces. In a comminuted fracture, a
bridging plate assembly would be best option
[54]. Regarding locked or unlocked screws, no
significant differences in bending or torsional
strength have been reported in cases with good
bone quality [55], unlike in osteoporotic models
[56], where locked plates would be beneficial. In
cases of bone defects due to severe comminution,
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a shortening of the humerus, acceptable up to
3-4 cm, can be considered, despite the possible
residual muscle weakness.

As for the use of double plates, there are sev-
eral biomechanical and more recently clinical
studies that support their use because they pro-
vide greater stability [57-61], so they could be
useful for fractures where intraoperatively satis-
factory stability is not achieved. It is also possible
to associate a small fragment, reconstruction, or
third shank plate as initial fixation to maintain the
reduction and then place the large fragment plate.

8.5.3.3 Results
Consolidation rates vary between 87% and 96%
with a mean consolidation time of 12 weeks; fig-
ures are very similar to conservative treatment
and nailing. The results are summarized in
Table 8.4 [42-47]. Regarding radial nerve injury,
a study of 261 fractures treated by open reduction
and internal fixation showed an injury rate of
12.2%, finding no differences in fracture location
or type of approach [62]. In one study, these were
significantly related to surgeon experience and
not to fracture location or fracture pattern [63].
Most of these palsies recover spontaneously [64].
Regarding the attitude to radial paresis after
surgical treatment, i.e., considered iatrogenic,
there has classically been controversy between
maintaining a wait-and-see attitude as in pri-
mary paresis or performing an early surgical
revision. In a study of 707 surgically treated
diaphyseal fractures of the humerus, 46 radial
palsies were observed, in no case having been
recorded during the operation of obvious
radial lesions. Thirty-nine had been treated
with plate, three with intramedullary nail, and

Table 8.4 Healing rates of diaphyseal humerus fractures
treated with plates

Author Year N Healing rate
McCormark® [46] 2000 22 95%
Chapman® [47] 2000 46 93%
Changulani® [44] 2007 24 87.5%
Putti* [42] 2009 18 94%
Singisetti® [43] 2010 16 94%
Benegas® [45] 2014 21 100%

*Comparative studies with plate; N Number of cases

four with Ender nails. Five cases were surgi-
cally revised, in none of which a macroscopic
radial lesion was found. All cases recovered
spontaneously in an average of 15 weeks.
Therefore, these authors advocate a wait-and-
see attitude unless there is any suspicion of
injury, for example, by a loss of reduction or
mobilization of the material in the post-
surgical radiological control [65]. In a 2019
review, the authors observed a similar radial
recovery pattern in primary and secondary
paresis and observed no advantage to early
surgical exploration [66]. In another recent
review, they also recommend a wait-and-see
approach unless there is an obvious suspicion
of injury at surgery [67].

8.5.3.4 MIPO (Minimally Invasive Plate
Osteosynthesis) Technique

Minimally invasive plating has grown in recent
years. In 2002, Fernandez Dell’Oca introduced
the idea of helical implants for several types of
fractures, including humerus diaphyseal frac-
tures, presenting two cases with good results
[68]. A helical conformation placed the proximal
part of the plate in the lateral zone, while the dis-
tal zone remained in the anterior zone, avoiding
the radial nerve. Livani published in 2004 his
series of 15 patients with diaphyseal fractures
treated by this technique where he described the
percutaneous placement of a large fragment plate
in the anterior zone of the humerus, a safe area in
terms of vasculonervous structures and also flat,
so it was not necessary to conform the plate, as
proposed by Fernandez Dell’Oca, whose place-
ment in the lateral zone of the humerus of his pre-
conformed plate put the axillary nerve at risk
[69]. The proximal approach involved a 3-5 cm
anterolateral mini-approach between the biceps
on one side and the deltoid and cephalic vein on
the other. The distal approach was also made
about 3-5 cm along the lateral aspect of the
biceps, more deeply crossing the brachialis mus-
cle and leaving the musculocutaneous nerve
medially and the radial nerve laterally, which are
the two nerves that supply this muscle, thus going
through an interneural plane. A submuscular and
extraperiosteal tunneling was then performed
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connecting the two approaches. The plate was
introduced from proximal to distal, taking special
care to place the plate medial to the long portion
of the biceps and not trapping it. The plate was
then fixed to the proximal fragment with 3
screws, followed by an indirect reduction of the
distal fragment on the plate. Once verified by
radioscopy, the distal fixation is performed with
three more screws. In the case of very distal frac-
tures, he opted to curve the end zone of the plate
anteriorly and place it in the anterior zone of the
lateral column, in this case performing the Kocher
approach in this distal area [69]. From this point
on, increasing series with similar surgical tech-
nique and good results continued to be published
[70-82], and since then dozens of comparative
studies, reviews, and several recent meta-analyses
have been published showing excellent results
compared to conventional open reduction, with
less radial nerve injury rate, less bleeding, less
surgical time, and even less nonunions. When
compared to intramedullary nail fixation, better
functional shoulder scales have been reported
[83-86] (Table 8.5). The MIPO seem to corre-
spond to the current trend as opposed to the wide
approaches previously described (Fig. 8.6).

A cadaveric study in 2005 already described
this method as very safe regarding the radial
nerve. When sliding the plate through the anterior
zone, it remained in the distal zone between 2 and
4.9 mm from the radial nerve in full supination

and between 0 and 3 in pronation, so it is recom-
mended to keep the arm in supination during per-
cutaneous sliding of the plate [71]. Caution should
also be taken to avoid tensioning the lateral area
of the distal approach with Hohman-type spread-
ers to avoid radial paresis. The surgical technique
and the confirmation of the safety of vasculoner-
vous structures are maintained to this day. There
are authors who consider radial paresis as a con-
traindication to perform a percutaneous tech-
nique, but others such as Livani already in 2005
published a small series of six patients with distal
humerus fractures and radial paresis where he
performed a percutaneous technique but through a
distal Kocher approach, locating the radial nerve
and introducing the plate from distal to proximal.
All patients recovered from paresis [72].

More recently, the idea of helical implants for
diaphyseal fractures with metaphyseal or proxi-
mal articular extension has been taken up again,
either because there is insufficient space for an
anterior plate placement proximally or because
an associated articular reduction is needed.
Garcia-Virto et al. have recently published a
series of 15 patients with fractures of this type
where osteosynthesis was performed using the
MIPO technique with preconformed helical
plates. In the proximal area, a lateral transdeltoid
mini-approach of 3-5 cm is performed, and in the
distal area the anterior approach is similar to the
anterior placement of straight plates. The helical

Table 8.5 Comparative studies between different surgical treatments of humerus diaphyseal fractures

Comparative
Author Year | Type of study treatments Results
Hohmann [84] |2016 | Systematic review and meta- ORIF vs. MIPO:
analysis of 8 prospective MIPO vs. IMN — Lower risk radial palsy
randomized controlled trial — Shorter operation time
(n =376) — Better clinical outcomes
Tesworth [83] | 2018 | Review of 24 clinical case series, 5 | ORIF vs. MIPO:
comparatives trials, 6 RCTs and 4 | MIPO — Lower risk for non-union
meta-analysis — Lower risk radial palsy
Keshav [85] 2021 | Meta-analysis and systematic ORIF vs. MIPO:
review of 5 RCTs and 6 MIPO — Lower risk radial palsy
nonrandomized comparative — Lesser blood loss
studies (n = 582) — Shorter operation time
Beeres [86] 2021 | Meta-analysis and systematic ORIF vs. MIPO:
review of 2 RCT’s (98 patients) MIPO — Lower risk of non-union
and 7 observational studies (263 — Lower secondary radial
patients) (n = 361) palsy
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Fig.8.6 (a—c) Comminuted diaphyseal humerus fracture
(a). Closed reduction and fixation with straight plate using
MIPO (minimally invasive plate osteosynthesis) tech-
nique (b). Surgical mini-approaches: proximal anterolat-

plate is introduced from proximal to distal taking
special care with the axillary nerve. They had one
case of nonunion, with no radial paresis and good
to excellent functional results [87] (Fig. 8.7).

eral and distal Kocher (¢). Images provided by Dr. Miquel
Videla, Traumatology and Orthogeriatrics Unit, Hospital
Moisés Broggi

This technique offers a middle ground between
ORIF and intramedullary nailing, incorporating
benefits of both. From the nail, minimally inva-
sive surgery provides greater respect for the soft
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Fig. 8.7 (a—c) Diaphyseal fracture of the proximal (minimally invasive plate osteosynthesis) technique (b).
humerus with insufficient space in the proximal fragment  Excellent functional result (c¢). Images provided by Dr.
for placement of an anterior plate (a). Closed reduction ~ Miquel Videla, Traumatology and Orthogeriatrics Unit,
and fixation with precontoured helical plate using MIPO  Hospital Moisés Broggi
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tissues and relative stability, thus obtaining a
more biological fixation but avoiding damage to
the cuff at its entry point, such as the plate. It also
reduces radial nerve injuries, more frequently
observed in open reductions and internal fixa-
tions with plate.

8.5.4 External Fixator

Generally, treatment with an external fixator is
reserved for damage control in polytraumatized
patients and for open fractures with a large defect
(Gustilo IIT). In cases where definitive surgical
treatment cannot be carried out after placement,
either because of the general condition of the
patient or because of the poor condition of the soft
tissues, there are studies that describe good results
using this method as definitive treatment [88]. It
is important to be familiar with the anatomy and
the changing situation of the radial nerve along
the humerus to avoid injuring it with the pins [89].

8.6 Comparison of Treatment

Options

Regarding the choice between conservative or
surgical treatment, a 2012 Cochrane review could
not conclude whether surgical treatment was bet-
ter or worse than conservative treatment [90]. In
2015, another systematic review continued to
state that there was no level 1 evidence in the lit-
erature on the management of these fractures
[91]. A 2019 systematic review reflects that con-
servative treatment has better consolidation rates
(6.3% nonunions versus 17.6%), with lower rates
of complications such as iatrogenic radial injury
or infection. Radiological malunion rates were
higher in conservative treatment but did not cor-
relate with worse functional outcomes [2]. In
contrast, another systematic review with meta-
analysis in 2020 showed a lower rate of nonunion
in surgical treatment but a higher rate of infec-
tion, with no differences in malunion or nerve
injury. Therefore, it does not seem to be a superi-
ority of surgical treatment over conservative
management, as long as there are no absolute

indications for the latter (no tolerance to conser-
vative treatment, inadequate reduction, intra-
articular extension, floating elbow, metastasis,
open Gustilo III fractures, brachial plexus lesions,
vascular lesion).

As for the option of plate or nail if surgical
treatment is chosen, this has been a matter of
debate for decades, even when non-locked intra-
medullary implants were used. A 1995 study by
Rodriguez-Merchan compared the use of plates
with Hackethal nails in 40 patients with diaphy-
seal humerus fractures, finding no differences in
healing and complication rates. He also proposed
a classification for functional outcomes after
treatment of these fractures [92].

In more recent literature and after many com-
parative studies, a 2010 meta-analysis of four
randomized studies (n = 203 patients) reflected
that there were no significant differences between
both treatments in the rates of complications,
nonunions, infection, radial palsy, or need for
reintervention, although authors acknowledged
there was heterogeneity in the studies, small sam-
ples, and certain methodological limitations [93].
A 2013 meta-analysis of 10 randomized con-
trolled studies (n = 429 patients) found no differ-
ences in nonunion, delayed consolidation, radial
paresis, or implant failure. In contrast, there were
differences favoring the plate use in subacromial
impingement, although the increased need for
reinterventions for this reason was unclear [94].
A recent 2021 meta-analysis of 18 observational
studies (n = 4906 patients) and 10 randomized
controlled studies (n = 525 patients) showed no
differences in consolidation rates, quality of life,
and upper limb functional scales. A higher rate of
reoperation was observed in the intramedullary
nail group, most frequently for symptoms of sub-
acromial impingement. There were lower rates
of temporary radial paresis in the intramedullary
nail group, although all but one case recovered
spontaneously in both groups. Consolidation
time was somewhat shorter in the intramedullary
nail group (slight difference of 1.9 weeks), with
lower infection rates and shorter operative time.
All these differences, although significant, were
small and advocate that both treatments achieve
good results [48].
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As for minimally invasive plating, developing
in recent years, studies seem to point to it as the
best option not only superior to ORIF but also to
intramedullary nailing. A dozen of meta-analyses
in the last 5 years report a statistically significant
difference in favor of the MIPO technique in
terms of consolidation rate, radial paresis, bleed-
ing, operative time, and shoulder pain (Table 8.5).

8.7  Conclusions

After several decades of controversy in the litera-
ture on the treatment of diaphyseal fractures of
the humerus, it can now be stated that whenever
there are no contraindications, conservative treat-
ment should be chosen, paying special attention
to the need for close clinical and radiological
follow-up and the patient’s compliance and toler-
ance of this treatment. This mode of treatment is
carried out sequentially, first with a hanging cast
or U-splint immobilization, to be replaced in 1 or
2 weeks by a custom-made prefabricated brace,
achieving a functional immobilization with early
mobilization of the shoulder and elbow. Special
attention should be paid to a fracture pattern:
proximal third oblique line, in which higher rates
of nonunion have been demonstrated, and surgi-
cal treatment can then be chosen at the outset.

In the case of deciding for surgical treatment,
in fractures with metaphyseal or articular
extension or in the case of vascular lesions in
need of repair, we would opt for a plate, and, in
bifocal or pathological fractures, we would opt
for a nail. In all other cases, both treatments seem
equally effective, with residual shoulder pain
being the major disadvantage of the intramedul-
lary nail, so special care should be taken to ensure
that the material does not protrude into the sub-
acromial space and try to minimize damage to the
cuff at the point of entry. A more recent and supe-
rior treatment option to the previous ones are the
plates placed in a minimally invasive way, its
main limitation being the need for a learning
curve, which once overcome seems to make this
treatment the one of choice in case of deciding
for a surgical treatment.

Regarding the most frequent complication,
radial paresis, whether primary or iatrogenic,
there seems to be general agreement that most of
them have a spontaneous recovery, and therefore
we should maintain an expectant attitude and not
consider an early surgical revision unless there is
a high suspicion of a clear lesion.
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