Case Report

Elastic Stable Intramedullary Nailing as a Treatment Option for
Comminuted Proximal Humeral Shaft Fractures in Adults: A
Report of Two Cases and a Review of the Literature
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Despite the success of nonoperative treatment in the majority of adult-comminuted proximal third humeral shaft fractures, surgical intervention
is preferable in selected cases in order to avoid specific potential disadvantages associated with nonoperative treatment, including shoulder and
elbow stiffness, poor compliance, and nonunion. Elastic stable intramedullary nailing (ESIN) is commonly used in the treatment of children’s
long-bone fractures and is known to achieve a high union rate with minimal complications. The literature review of the use of percutaneous
ESIN treatment of comminuted proximal third humeral shaft fractures reveals that while it is not a common procedure, it can still produce
favorable results with limited complications. This paper evaluates the use of ESIN in two patients with comminuted proximal third humeral
shaft fractures. The patients were aged 56 and 72 and both had experienced comminuted proximal third humeral shaft fractures. In this report,
the management of these cases is presented, along with a review of other studies, which used ESIN in the treatment of humeral shaft fractures

in adults.
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INTRODUCTION

Elastic stable intramedullary nailing (ESIN), also known
as titanium elastic nailing or Nancy nailing, is a device that
has low modular of elasticity, and the literature reveals that
the resultant rotational stability is high with greater axial
compression stiffness when used in pediatric femoral fractures,
where it is the most common fracture-treated device.!!!

ESIN was first introduced in Nancy University, France in 1977 and
was used in the treatment of a child with rickets. While it gained
popularity in the management of pediatric long-bone fractures, the
technique failed to achieve comparable acceptance in the treatment
of adults due to the conviction that the basic biology of fractures
differs in the bones of growing children. Specifically, it depends
on the thick periosteum with its rich blood supply that gets less
injured in comparison to the adult periosteum.™

The fixation biomechanical properties of this device depend
on an intramedullary three-point fixation method, which is
somewhat like the use of casting for fracture stabilization.
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This explains why some surgeons have described ESIN as
an internal splint device.[l In essence, it functions as a load
sharing device, which gives it the advantage of limited cortical
osteopenia compared to load-bearing devices.

Although the humerus is a nonweight-bearing bone, it does
function to transmit load. This explains the diversity of
management options, ranging from nonsurgical to surgical.
Patients in the upper age demographic with humeral shaft
fractures usually have multiple comorbidities, and they require
inpatient management, which is associated with an increase
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in mortality.’! Thus, choosing a treatment method associated
with speedier recovery rates, earlier return to normal activity,
and fewer complications is the goal.

On the other hand, Sarmiento popularized the nonoperative
management with functional bracing for humeral shaft fractures.[*”
It has been reported that conservative management is associated
with pain at the fracture site, some degree of loss of motion
range in the shoulder and elbow joints, nonunion, and discomfort
from the bracing in some patients.’* With medical advances,
operative management has shown less nonunion and better
functional outcome compared to conservative management.®!
The usually used surgical options are external fixation, open
reduction and plate fixation, and intramedullary locked nailing.
With new reports showing a drawback from nailing to plating
due to multi-factorial reasons including cost and higher surgical
complications with intramedullary locked nailing.['”

In an earlier study, Osman et al. reported that 22 out of 104
observed diaphyseal humeral fractures received fixation using
multiple intramedullary wires through supracondylar approach.
They consequently proposed the use of multiple intramedullary
wires fixation for segmental humeral fractures or for diaphyseal
fractures associated with fractures of the neck of the humerus.!'!

Insertion of ESIN for the treatment of humeral shaft fractures
is usually done using the closed reduction internal fixation
surgical technique under fluoroscopic guidance. This keeps
the biology of bone healing intact without surgical dissection
at the fracture site. In the humerus, ESIN can be inserted in a
retrograde or antegrade fashion.

As far as the authors are aware, only a limited number of studies
have specifically described the employment of this device in
patients aged over 55 years with rare comminuted proximal
third humeral shaft fractures classified as 12.C3i (proximal
diaphyseal-metaphyseal) based on the new AO/Orthopaedic
Trauma Association classification.!!?]

The intention of this report is to evaluate the use of retrograde
ESIN in comminuted proximal third humeral shaft fractures
in two individual cases. We also have reviewed the English
language literature published within the past 10 years related
to the use of this method in humeral shaft fractures [Table 1].

CASE REPORTS

The two cases reported here are those of a 72-year-old male
and a 56-year-old female with comminuted proximal third

Table 1: Various series of humeral shaft fractures fixed by elastic stable intramedullary nailing

Authors Number of  Agerange  Nailentry  Union  Nonunion Complications
patients (vears)
Kornah et al., 28 18-56 Retrograde 26 1 case delayed union 2 cases superficial infection
1 case nonunion 1 case distal migration

3 cases elbow stiffness
Upadhyay 25 18-65 Antegrade 24 1 case delayed union 2 cases nail impingement proximal end
and Lil 1 case shoulder stiffness
Manjunath 20 18-60 Retrograde 16 4 cases nonunion Two cases superficial infection
and 2 cases elbow stiffness
Dayanand 1 case implant failure
Verma et al., 20 18-60 Retrograde 16 4 cases nonunion 2 cases superficial infection

2 cases elbow stiffness

1 case implant failure
Kumar and 20 18-70 Retrograde 14 2 cases delayed union 1 case of elbow stiffness
Kaushik 4 cases of nonunion 1 case shoulder stiffness

1 case implant failure
Karim et al., 30 18-65 Retrograde 23 7 cases of nonunion 7 cases of superficial infection

2 cases of deep infection

7 cases shoulder stiffness

7 cases elbow stiffness
Patel et al., 20 18-60 Antegrade 18 2 cases delayed union 1 case of elbow stiffness

2 cases shoulder stiffness
Present report 2 56-72 Retrograde 2 - 1 case nail glenohumeral penetration
Total 165 139 20 nonunion 13 cases superficial infection

6 cases delayed union

2 cases of deep infection

1 case distal migration (antegrade entry fashion)
16 cases elbow stiffness

11 cases shoulder stiffness

2 cases nail impingement proximal end (antegrade)
3 cases implant failure

1 case nail glenohumeral penetration

No cases of iatrogenic radial nerve palsy
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humeral shaft fractures, managed by closed reduction and
ESIN retrograde fixation at King Fahad General Hospital,
Al-Madinah, Al-Munawwarah, Saudi Arabia. Both cases were
followed up for approximately 18 months. The clinical course
and management of these patients are discussed.

Case 1

A 56-year-old right-handed obese female with hypothyroidism
presented to our emergency department following involvement
in a motor vehicle accident that day. She complained of
pain and swelling of the right arm. On examination, she had
normal vital signs. While the right arm was swollen and
tender, the remainder of her examination was normal. There
was no distal neurovascular deficit. Radiographs of the right
humerus revealed a comminuted proximal third humeral shaft
fracture [Figure 1]. The arm was temporarily immobilized in
a U-shaped slab applied in the emergency department. She
was operated on the following day under general anesthesia,
involving intraoperative fluoroscopy guidance in a supine
position with the operated right upper limb placed over a flat
radiolucent side table. In addition, intravenous prophylactic
antibiotics were administered. Surgical treatment was
performed by closed reduction and internal fixation using
retrograde-inserted ESIN [Figure 2].

Postoperatively, the limb was initially immobilized in a
broad-arm sling. Early functional physiotherapeutic training
of the shoulder and elbow was commenced on the ensuing
postoperative day. The patient was discharged in good
general condition with a total inpatient stay of 3 days. After
discharge, she continued to receive physiotherapy in the
form of both muscle strengthening and shoulder pendulum
exercises. She was followed up 2-week postoperatively to
check for loss of reduction. Subsequent 4-, 8-, and 12-week
postoperative checks were utilized to evaluate healing. These
then continued at 3-month intervals until the 18-month
postoperative point was reached. Plain radiographs taken at
4-month postoperatively indicated fracture healing with no
hardware complications. At this stage, she was pain-free and

Figure 1: Initial posttraumatic anteroposterior radiograph of the right
humerus (Case 1)

satisfied with her function [Figure 3]. At the 8-month follow-up
check, the patient was able to perform all her daily activities
with no difficulty. At the 18-month follow-up check, the
patient’s shoulder was painless and she regained a full range
of motion. It was anticipated that the nails would be removed
3 months thence.

Case 2

A 72-year-old right-handed gentleman slipped on the floor
and fell onto his right side. He presented to the emergency
department with pain and swelling over the right shoulder and
arm. His only recorded medical problem was hypertension,
for which he was on antihypertensive medications. On
arrival, he had a visible deformity of his arm and loss of the
normal contour of the shoulder with no neurovascular deficits.
Radiographs showed an anterior dislocation of the shoulder
with a comminuted fracture of the proximal humeral shaft on
the same side [Figure 4]. Closed reduction under sedation was
attempted in the emergency department but failed. The arm
was temporarily immobilized in a U-shaped slab. After both
his blood pressure and medical condition were stabilized, the
surgery was performed early on the next day. The surgery took
the form of a glenohumeral-closed reduction, followed by a
fracture closed reduction and ESIN retrograde fixation of the
humeral fracture under regional anesthesia and intraoperative
fluoroscopy guidance. The entrance point for both nails was
the lateral column of the distal humerus, 2 cm above the lateral
epicondyle [Figure 5].

Postoperatively, the right shoulder was immobilized in
a Velpeau sling. Three-week postoperatively, the patient
was encouraged to start a passive range of motion and
shoulder muscle strengthening exercises. At around 3-month
postoperatively, mild pain and restriction of shoulder
abduction over 90° were demonstrated due to penetration of
the tip of the nail out from the head of the humerus into the
glenohumeral joint [Figure 6]. At that time, there were clinical
and radiological signs fracture healing. Consequently, after
1 week from that visit, both nails were removed, and complete
fracture healing was recognized intraoperatively at the time of

Figure 2: Immediate postoperative radiograph of the right humerus (Case 1)
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Figure 3: Anteroposterior radiograph 18-month postoperatively
demonstrating complete fracture healing (Case 1)

Figure 5: Postoperative anteroposterior radiograph showing reduced
glenohumeral joint dislocation and right humerus fixed by elastic stable
intramedullary nailing (Case 2)

the nails removal, after which the pain was drastically reduced.
At the 6-month follow-up assessment, the patient demonstrated
a considerably improved range of motion. At the 18-month
follow-up assessment, the patient’s shoulder was painless
with a satisfactory range of functional motion. No evidence of
recurrence of dislocation or instability was observed.

DiScUSSION

Humeral shaft fractures account for 1%—3% of all fractures.
This paper focuses on patients with a comminuted proximal
third fracture of the humeral shaft, which is a relatively
uncommon fracture location, in turn, representing only around
15% of all humeral shaft fractures as reported by Sarmiento and
Verma et al.™'*! Comminuted humeral shaft fracture constituted
an uncommon pattern among the 249 cases of unilateral
humeral shaft fractures in Tytherleigh-Strong et al.’s research,
they comprised a mere 10% of the cases described as complex
Type-C fractures.'¥ Although humeral shaft fractures are

Figure 4: Anteroposterior radiograph of the right humerus showing

comminuted proximal third humeral shaft fractures associated with
glenohumeral dislocation (Case 2)

Figure 6: Anteroposterior view of the right shoulder showing fractures
healed in good position and nail tip penetration to the shoulder joint through
the humeral head (Case 2)

usually managed nonoperatively, Rutgers and Ring have shown
that fractures located at the proximal third of the humerus have
higher nonunion rates, specifically approximately 29%, when
managed conservatively compared to middle 4% and none in
the distal third humeral shaft fractures.[”)

The usual cause of humeral shaft fractures in the younger
population is high energy trauma,!'>'”! while in older age
groups, humeral shaft fractures are usually a result of a fall or
to a lesser commonly from pathology in the bony segment. As
a result of osteoporosis, even minor trauma, such as a simple
fall involving the arm, can cause a complex fracture pattern,
which can ultimately result in permanent disability.!'¥! On the
other hand, humeral shaft fractures are frequently accompanied
by concomitant injuries and the incidence of associated
injuries increases with age. In our report, the mechanism of
injury in the second case was a trivial fall, which resulted in a
comminuted proximal third shaft fracture associated with the
anterior glenohumeral joint dislocation.!”!

Indications for operative management of humeral shaft
fractures include, but are not limited to, open fractures,

224 Journal of Musculoskeletal Surgery and Research | Volume 3 | Issue 2 | April-June 2019 -




ESIN in Comminuted Humerual Shaft Fractures

fractures associated with brachial artery injury, segmental
fractures, floating elbow injuries, pathologic fractures, and
patients with polytrauma and associated injuries, including
lower extremity trauma, which require weight bearing through
the upper extremity for crutch and/or walker use.?” The
number of indications of surgical management of humeral
shaft fractures is expanding and the list of indications is being
constantly amended as a consequence.

Jansen and Rasmussen have noted in their study that
the nonoperative treatment of humeral shaft fractures in
overweight patients is unsatisfactory.?!! Occasionally, it gets
difficult to maintain the reduction of humeral shaft fracture in
a satisfactory position in very obese patients and in women
with very large breasts; in these cases, an internal fixation is
indicated. Our first case was a morbidly obese female, and it
was difficult to apply a proper U-shaped slab and maintain it
as a definitive management option.

Age, osteoporosis, or the presence of multiple medical issues
are not absolute indications for operative management.
However, all these factors play a major role in causing
patients to be incompatible with the brace and regular
follow-up approach, and thus these variables are considered
to be reasonable indications for surgical management.?” To
forestall the disadvantages of nonoperative management
in the second patient and in consideration of his desire to
regain good function with minimal intervention, ESIN was
proposed along with the closed reduction of the glenohumeral
dislocation.

Verma et al.’s study of 20 cases of diaphyseal humeral fractures
managed with ESIN in a 19-57-year-old age group revealed
a union rate of 80%, with the majority of fractures united in
10—16 weeks. The study encompassed all fracture morphology
types with 60% being transverse. These had a nonunion rate of
20%, and all involved spiral and oblique fractures.!'"

A similar study by Manjunath and Dayanand observed 20 cases
of humeral shaft fractures treated by ESIN retrograde closed
reduction fixation. The ages of patients ranged from 18 to
60 years. The average time for union was 7.2 weeks and the
overall union rate was 80%. There were no cases of iatrogenic
nerve injury and two cases of superficial infection but no deep
infection. None of the cases required blood transfusions. There
were four nonunion cases and one case of implant failure.
Two cases reported limited elbow range of motion due to nail
prominence.??

Kumar and Kaushik conducted a retrospective study of
20 cases, in which the majority of patients were in the
middle age range, the average age being 40 years. Most of
these patients had middle-third humeral shaft fractures and
transverse fracture patterns. The study reported two cases with
delayed union and four cases (20%) of nonunion. Nineteen
cases (95%) achieved a full range of motion of the shoulder
and elbow joint and 70% had healed within 18 weeks. There
was one instance of the implant breaking at the fracture site./*!

A study by Kornah et al. reported 28 humeral shaft fractures
with different levels of humerus stabilized by ESINs. Union
was achieved in 26 patients (92.8%) at a mean time of
13.1 weeks. One case was reported of distal nail migration.
This required rehammering and trimming to avoid skin
irritation. Superficial infection developed in two patients and
was managed by daily dressing and antibiotics. The average
time of inpatient stay was 2—5 days. None of the patients
experienced implant failure.!

The recent prospective study by Patel ef al. and the retrospective
study by Upadhyay and Lil both used an antegrade approach
and exclude unstable fracture geometry. Only two cases out of
the 25 in Upadhyay and Lil study revealed nail impingement at
the proximal end. The same complication was reported in two
out of the 20 cases analyzed by Patel ef al., in which the same
insertion method has been employed. Furthermore, shoulder
stiffness was recorded in these two cases due to impingement of
the nail, although the patients subsequently regained favorable
functional outcome following nail removal and physiotherapy.
In our second case, shoulder range of motion was limited due to
nail penetration to the shoulder joint through the humeral head,
and once the nail was extracted, the patient regained acceptable
shoulder function. In both methods of insertion (antegrade and
retrograde), nail penetration can be managed if proper healing
was documented by removal followed by physiotherapy,
which reveals good functional outcomes.”>?%! On the other
hand, in cases when healing did not occur, pulling off the
nail with trimming can be used. The study by Nectoux et al.
reported that the use of end caps provided improved stability
over the alignment of length-unstable fractures and may
address the problem of fracture telescoping in the poor quality
bone and comminuted fractures.”” In a biomechanical study,
Chen et al. demonstrated that prebending ESIN in a double
C-shaped manner with degree equal to the intramedullary
canal diameter and combined with end caps play a major role
in improving the stability and offer a good solution for treating
comminuted diaphyseal long-bone fractures.?*!

No cases of deep infection were recorded as a complication in
either in the present study or in the above-mentioned studies.
This contrasts with Karim ef al.’s study of 30 cases of humeral
shaft fractures fixed by ESINs. Two reported cases of deep
infection were treated with intravenous antibiotics, removal
of nails, and the use of a temporary external fixator, followed
by a fracture brace. In addition, seven cases developed
superficial infections and were treated with a short course
of oral antibiotics. The majority of patients in Karim ef al.’s
series had transverse fracture patterns, and the age range was
18-65 years.*!

It has been demonstrated that the use of ESIN in humeral
shaft fractures is an acceptable surgical option providing
satisfactory results. One of the most commonly encountered
device complications is shoulder stiffness due to impingement
from a prominent device when the antegrade technique
is employed. The device has only limited significant
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complications. None of the aforementioned studies reported
iatrogenic radial nerve injury (a known complication of
plating) and only one study reported having a deep infection.
In addition, this device is renowned for its short operative
time and reduced hospital stays. We have also used it in a
fracture dislocation case, in which it presented a favorable
functional outcome.

When considering nonunion or delayed union, it is suggested
that this is caused by motion at the fracture site secondary to
poor rotational control when the canal is not filled with the nails
as recommended by Rosenbaum and Uhl.B% It has already been
noted that mechanical distraction can contribute to nonunion.>"
In fact, the use of ESINs in comminuted humeral shaft fractures
facilitates alignment of the fractures with relative stability,
and subsequent secondary bone healing typically occurs at
the fracture site. In an experimental surgical study conducted
in animals, it was revealed that fracture healing with ESIN is
mainly by periosteal callus (external callus). Furthermore, it
was proved that two intramedullary nails do not completely fill
the medullary canal and thus endosteal callus formation is not
inhibited.*? Another factor related to nonunion is metallosis
and titanium-alloy wear particles; Kang and Stern reported
one case of metallosis associated with humeral hypertrophic
nonunion after ESIN fixation.**! In our cases, both cases did
not have metallosis nor nonunion.

CONCLUSION

The review of the literature and our two cases support the
proposition that the closed reduction and ESIN fixation of
comminuted proximal humeral shaft fractures technique offers
limited complications and improved patients’ satisfaction.
However, further studies are required with larger sample sizes
to confirm these findings.

Clinical message

In the elderly, comminuted humeral shaft fractures are not
always amenable to standard treatments. To address predictable
conditions, such as those requiring restricted operative time,
minimal blood loss, and soft-tissue damage, and in order to
minimize the length of hospital stay, the usage of ESIN presents
as a viable alternative.
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