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Abstract \
Background: Plate and locked intramedullary nailing for humeral fractures are golden standard procedure, but the humerus is a
nonweight-bearing bone and can tolerate a larger range of acceptable alignment. We believe the elastic stable intramedullary nails
(ESINSs) can provide enough relative stability for humeral shaft fractures in certain adult patients.
Methods: There are four new indications for using ESINSs: (1) patient could not tolerate a sugar-tong splint but was a high risk for
general anesthesia, (2) intramedullary canal narrowing (<7 mm), (3) long spiral or oblique fracture over the metadiaphyseal junc-
tion, and (4) obesity. All patients received retrograde fixation with two titanium elastic nails, except for one patient with a long spiral
fracture over the proximal metadiaphysis. Patients had routine follow-up plain radiographs until bone union, and we evaluated
functional results of patients by Mayo Elbow Performance Score and asked to complete Quick Disabilities of the Arm, Shoulder
and Hand score at the last outpatient clinic visit.
Results: A total of 16 patients with a mean age of 54.4 years were included. The mean follow-up time was 14 + 2.5 months, and
the average time to bone union was 16 + 4.3 weeks. There were no wound infections, loss of reduction, fracture nonunion, implant
failure, or skin irritation expect for one nail back-out because of osteoporosis.
Conclusion: We have reported good results using ESINs for the displaced fractures of the humerus in the four indication adults
who would not be able to tolerate plate fixation or intramedullary nailing. The ESINs fixation method is a simple procedure that

provides a small incision, minimal blood loss, short surgical time, and relative stability fixation.
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1. INTRODUCTION

Over the past few years, there has been a marked increase in the
use of elastic stable intramedullary nails (ESINs) for manage-
ment of fractures of the long bones in children.!= ESINs are able
to provide internal pressure in the intramedullary cannel based
on the concept of three-point fixation and improve stability sig-
nificantly by using two pretensioned nails inserted from oppo-
site sides of the bone.*” If ESINs are accurately contoured and
properly inserted, they provide excellent axial loading and bend-
ing stability to diaphysis fractures in long bones.®” Rotational
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stability is also better than that using Ender’s nails, although this
is the weakest point of the technique. ESINs avoid growth plate
injury because of the small insertion site from the metaphysis of
a long bone and are widely used to treat long bone fractures in
children.

ESINs were initially designed to treat long bone fractures in
children.®’ They provide excellent axial loading, and rotational
and bending stability in diaphysis fractures of long bones in
children because they are light weight, thicker periosteum, and
rapid bone healing.”'° Despite the advantages of ESINs, they are
seldom used in adults. Some orthopedic surgeons use ESINs to
fix clavicular fractures in adults because clavicle is a nonweight-
bearing bone and can tolerate less precise alignment.'-'* Other
advantages of ESINs include a small incision, minimal blood
loss, short operation time, and less damage to soft-tissue and the
periosteum resulting in earlier bone healing.!"-' Plate and screw
fixation for transverse fractures, and anterograde or retrograde
locked intramedullary nailing for comminuted or osteoporo-
tic fractures of humerus, however, are still the golden standard
procedure of choice for treating these conditions. However, we
believe that the humerus is similar to clavicle and that ESINs can
provide relative stability for humeral shaft fractures in certain
patients. Thus, the purpose of this study is to evaluate outcomes
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of displaced fractures of the humerus in the new indication of
adults treated with ESING.

2. METHODS

In this study, we retrospectively reviewed the records of adult
patients with humeral shaft fractures treated with ESINs at our
institution from January 2013 to December 2015. There are
four indications for using ESINs: (1) patient could not tolerate
a sugar-tong splint but was a high risk for general anesthesia
(e.g., severe chronic obstructive pulmonary disease [COPD],
class III-IV congestive heart failure [CHF], old age) (Fig. 1), (2)
long spiral or oblique fracture over the metadiaphyseal junction
(Fig. 2), (3) intramedullary canal narrowing (<7 mm) (Figs. 3, 4),
and (4) obesity.

2.1. Surgical technique for intramedullary fixation using
titanium elastic nails

After induction of adequate anesthesia, the patient was placed
in the supine position without a tourniquet. The arm was placed
on a radiolucent arm table or suspended vertically in traction.
The image intensifier was positioned perpendicular and caudal
to the arm. The ESINs were bent into a “C” and an “S” shape
with the nail tip pointing to the concave side of the bowed nail.
Bending was done by hand (<3mm) or with a tabletop plate-
bending press (>3 mm). A 3-cm skin incision was made over the
lateral condyle. The first entry point for each nail was poste-
rolateral from the lateral condylar region, one hole above the
other, angled upward. The near cortex was penetrated with the
drill bit. Using a rotating awl, the awl was slowly lowered to
an angle of 45° relative to the shaft axis and was advanced at
this angle until it reached the medullary canal. An adequate tita-
nium elastic nail (TEN) was then fixed in a universal chuck with
a T-handle. Using oscillating hand movements, the unreamed
TEN was manually gently advanced until it reached the frac-
ture site. The nail was introduced into the proximal fragment
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by indirect manipulation of the fragment under fluoroscopy.
The nail was carefully advanced manually throughout the entire
implantation procedure to avoid penetrating the cortex, espe-
cially in osteoporotic bone, until it rested at the humeral head.
The two nails should diverge in opposite directions, both medial
and lateral, for optimal rotational stability. Once alignment was
satisfactory, traction was released and impact the olecranon, if
necessary, before cutting the nails to an appropriate length. The
cut end of the nail was embedded beneath the cortex. In cases
with long oblique or spiral fractures over the metadiaphysis of
humerus, we first performed open reduction and fixation with
two cerclage wires to avoid radial nerve injury and shortening or
rotation, and then inserted the nails as described.

2.2. Postoperative care and follow-up

Elder patients (>65 years old) were immobilized with an arm
sling after surgery for 3 to 4 weeks because of osteoporosis,
while other patients did not receive immobilization after sur-
gery. After discharge from the hospital, patients routine follow-
up was scheduled at 2 weeks, 6 weeks, 3, 4, and 6 months after
surgery, and annually thereafter. Fracture union was determined
by plain radiographs taken immediately after surgery, and then
at 6-week intervals until bone union was achieved.

2.3. Functional evaluation

Patients were evaluated by Mayo Elbow Performance Score
(MEPS) and asked to complete the short version of the
Disabilities of the Arm, Shoulder and Hand outcome question-
naire (QuickDASH) (www.orthopaedicscores.com) at the last
outpatient clinic visit. The MEPS was divided into four parts
(pain, arc of motion, stability, and function) and scored as excel-
lent (score >90), good (score 75-89), fair (score 60-75), and poor
(score <60). QuickDASH is a self-reported questionnaire con-
sisting of 11 items corresponding to different activities of daily
life and symptoms experienced by the patient. The QuickDASH
score ranges from O (least disability) to 100 points (most

Fig. 1 An 85-y-old woman with stage lll-IV congestive heart failure who could not tolerate severe pain and was at high risk for general anesthesia. A, Preoperative
X-ray (B), post-operative X-ray (C) show two 4.0-mm titanium elastic nails (TENs) that were inserted in a retrograde manner and were divergent over the proximal

humerus.
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Fig. 2 A 32-y-old woman with a long oblique fracture over the metadiaphysis of the humerus with radial nerve injury. A, B, Preoperative X-ray, (C, D) post-
operative X-ray show fixation with two cerclage wires and 3.0-mm titanium elastic nails that were inserted in a retrograde manner.

Fig. 3 A 55-y-old woman with a segmental fracture of the humerus with severe narrowing of the intramedullary cannel (<7 mm). A, Preoperative X-ray, (B, C)
postoperative X-ray show two 2.5-mm titanium elastic nails that were inserted in a retrograde manner.

disability) and allows evaluation of the overall performance of
the upper limb. Time to return to normal daily activities and
previous work were also evaluated.

3. RESULTS

A total of 16 patients (6 males and 10 females) with a mean age
of 54.4 years (range, 19-94 years) were included in the analysis
(Table). Of the 16 patients, the injury was attributed to a motor
vehicle accident (7 young patients), fall (7 elder patients), and
exercise injury (2 patients). All patients received retrograde fixa-
tion with two TENSs, except for one patient with a long spiral
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fracture over the proximal meta-diaphysis (Fig. 4). The mean
follow-up time of the 16 patients was 14 = 2.5 months (range,
12-18 months), and the average time to bone union was 16 =
4.3 weeks (range, 12-25 weeks). No secondary procedures were
required. There were no wound infections, loss of reduction,
fracture nonunion, implant failure, or skin irritation expect for
one nail back-out because of osteoporosis.

Transient radial nerve palsy occurred in three patients. The
first patient had a segmental fracture with miniopen reduction
of the free fragment, and drop wrist was noted after surgery.
Radial nerve function recovered without any treatment 6 weeks
after surgery. The second patient had a long spiral fracture over
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Fig. 4 A 46-y-old woman with a long oblique fracture of the proximal humerus. A, Preoperative X-ray, (B, C) post-operative X-ray showed fixation with two
cerclage wires, and 3.5-mm titanium elastic nails that were inserted in an antegrade manner without rotator cuff injury.

the distal metadiaphysis region with open reduction and wire
looping fixation. The radial nerve was always protected during
the surgery. The transient radial nerve palsy resolved after trans-
cutaneous electrical nerve stimulation (TENS) for 3 months. In
the last patient, radial nerve palsy was found before surgery, and
radial nerve was identified and protected during surgery. The
radial nerve function recovered after TENS for 3.5 months.

The operative time was <45 minutes (average, 38.3 minutes;
range, 35-45 minutes) in closed reduction patients, except for
in two obese patients, and blood loss was also <60 mL (aver-
age, 38.3mL; range, 20-60 ,L) because of the small incision
wound and unreamed nails. Although the operative time was
more than 65 minutes and blood loss >80 mL in open reduction
patients, we believed radial nerve identification and protection
are important, though this increases the surgical time and blood
loss. Satisfaction was greater in younger patients; however, the
mean MEPS was 95.0 (range, 90-100) and QuickDASH score
was 0.81 (range, 0 to 6.8). In the elder patient, the mean MEPS
was 82.8 (range, 75-90) and QuickDASH score was 27.4 (range,
18.6-38.2). All patients returned to normal daily activities in
3 to 4 months and to previous work within 6 months in the
younger patient group.

4. DISCUSSION

Plate and screw fixation for transverse fractures, and anterograde
or retrograde locked intramedullary nailing for comminuted or
osteoporotic fractures remain the procedures of choice for frac-
tures of the humeral shaft. However, there are certain patients
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that are not suitable for these procedures. There are many advan-
tages of ESINs, including a small incision, minimal blood loss,
short operation time, and less invasive soft-tissue dissection and
periosteal stripping which contributes to faster fracture healing.
ESINs were initially designed to treat long bone fractures in chil-
dren. We believe they are suitable for humeral fractures in adults
because the humerus is a non-weight bearing bone and can toler-
ate a larger range of acceptable alignment, and ESINs provide
enough relative stability. The ESIN is different from traditional
Ender’s nails or Steinmenn pins in that they provide the inter-
nal pressure in the intramedullary cannel by three-point fixation
and improve axial loading, and bending and rotational stability.
Patients can engage in early rehabilitation without a splint or
cast protection after surgery and return to normal daily activities
and previous work sooner than with other methods.

There were seven patients that could not tolerate severe pain
and sugar-tong splinting but were at high risk for general anes-
thesia because of severe COPD, class III-IV CHE, or old age
(Table). There was concern about weaning from the ventila-
tor after general anesthesia. We adopted closed reduction and
two TENS fixation under interscalene regional block and heavy
sedation because there was only going to be a small incision
(3cm) at the lateral aspect of elbow, and a short operation
time (<45 minutes). This method of anesthesia is very safe, and
patients are usually pain free for 12 hours after surgery and do
not require an intensive care unit stay. These patients were dis-
charged 3 to 4 days after surgery without any complications.

There were four patients with long oblique or spiral fractures
over the metadiaphysis of the humerus (three distal and one
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Patient characteristics

Trauma Closed/opened Nail Blood  Operation
Patient Sex Age mechanism Anesthesia ESIN indication reduction diameter, mm loss, mL time, min Complication
1 F 85 Fall IS+HS Old age Closed 3.0 20 45 One nail back out
2 M 78 Fall IS+HS Severe COPD Closed 35 35 35
3 F 55 TA GA Segmental fracture Cannel Mini-opened 2.5 80 65 Temporary radial nerve injury
narrowing (<7 mm) (6-wk recovery)
4 M 94 Fall IS Old age Closed 4.0 30 35
5 F 56 TA GA  Obesity BMI = 42.2) Closed 4.0 60 55
6 F 65 Fall IS +HS  CHF (class IlI-IV) Closed 35 40 40
7 M 23 Exercise GA Metadiaphysis long spiral fracture Opened 3.0 100 70 Temporary radial nerve injury
(3-mo recovery)
8 F 19 TA GA Cannel narrowing (<7 mm) Closed 2.5 30 40
9 F 32 TA GA Long oblique fracture Opened 3.0 90 65 Preoperative radial nerve
injury, (3.5-mo recovery)
10 M 74 Fall IS+HS Severe COPD Closed 4.0 40 35
11 M 25 Exercise GA Meta-diaphysis long spiral fracture Opened 3.0 100 75
12 M 38 TA GA  Obesity (BMI = 40) Closed 3.0 60 60
13 F 72 Fall IS+HS  CHF (class lll-IV) Closed 4.0 30 35
14 F 25 TA GA Cannel narrowing (<7 mm) Closed 2.5 25 40
15 F 46 TA GA Meta-diaphysis long oblique fracture Opened 35 90 65
16 F 83 Fall IS+HS CHF (class lll- IV) Closed 4.0 30 40

BMI = body mass index (kg/m?; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; F = female; GA = general anesthesia; HS = heavy sedation; IS = interscalene nerve block;

M = male; TA = traffic accident.

proximal). In our prior experience, we have found it necessary
to fix the fracture by a long plate, and the radial nerve usually
lies on the plate. This method is associated with a larger incision,
greater blood loss, and longer surgical time, as well as a high
risk of radial nerve injury is a second operation is necessary to
remove the implant. In these cases, we adopted open reduction
and fixation with two cerclage wire after identification and pro-
tection of the radial nerve, and then inserted two TENS. Initially
direct reduction and rigid fixation by two cerclage wires for pri-
mary bone healing were performed, they resisted rotation and
shortening and TENSs resisted bending and axial loading force.
However, the composition is very rigid fixation, and patients
could early active motion and return to daily activities without
any immobilization. Although two transient radial nerve palsy
before surgery, they were totally recovery after 3 months.

We often find intramedullary cannel narrowing (<7 mm) in
Asian women. The smallest diameter of a locked intramedullary
nail is 7mm (Expert’s nail, Synthesis). There were 1 patient with
a segmental fracture (Fig. 3) and 2 with transverse fractures. In
these patients, two 2.5-mm TENs were inserted using a 2- to
3-cm incision, which is much smaller than the 10-cm incision
needed for plate fixation. We also had two patients who were
obese (bosy mass index >42kg/m?). We believe this procedure
is advantageous for obese patients because of the concern of fat
necrosis and wound complication with plate or nail fixation,
and it is difficult to immobilize the arm with a hanging arm
cast or functional brace if nonoperative treatment. Satisfactory
results were obtained in these two group patients.

All patients received retrograde nailing from the lateral con-
dyle of the humerus, expect for initial two cases in which inser-
tion was from the lateral and medial condyle of humerus. The
suggested insertion point is at the lateral supracondylar ridge or
lateral cortex below the deltoid muscle to avoid growth plate
injury in children. However, we believe these insertion points are
not appropriate in adults because of a thicker cortex and prox-
imity to the radial nerve. A similar situation occurs at the medial
condyle of humerus which has a narrow canal, thicker cortex,
and is near the ulnar nerve. It is very difficult to position the Awl
at a 45° angle relative to the shaft axis and continue to penetrate
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the thicker cortical bone at an upward angle after the ulnar nerve
is identified and protected. Retrograde nailing to the fracture site
results in compression, but not distraction. We suggest that the
entry point of the two TENs be over the posterolateral condyle of
the humerus in adult, and that both nails are precontoured into a
“C” and an “S” shape. Alignment can be adjusted by rotating the
two nails, and the nails can be fully inserted to achieve the best
anchorage in the proximal metaphysis.

In conclusion, we have reported good results using ESINs for
the management of displaced fractures of the humerus in adults
with the four indication who would not be able to tolerate plate
fixation or intramedullary nailing. The ESINs fixation method
is a simple procedure that provides a small incision, minimal
blood loss, short surgical time, and relative stability fixation.
Bone union time and functional results are similar to those of
plate fixation or intramedullary nailing. The ESINSs fixation is a
considerable option for treating displaced humeral fractures in
adults with the four indications.
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