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Background: Deformity and growth arrest of the humerus in

children may result as sequelae of proximal humerus fractures and

unicameral bone cysts, or as complications of their treatment. As

approximately 80% of the growth of the humerus arises from the

proximal physis, the resultant upper limb-length discrepancy can

be substantial. Benefits to lengthening the shortened arm have

been previously demonstrated with the use of external fixation

devices. To our knowledge, no reports have been published on the

use of intramedullary implants for this purpose.

Methods: A 15-year-old girl with humeral shortening secondary

to proximal humeral growth disturbance following treatment for

a unicameral bone cyst was treated with humeral osteoplasty

and gradual lengthening with an off-label use of a fully im-

plantable motorized intramedullary lengthening nail. A varus

proximal humeral deformity and lateral starting point allowed

for avoidance of the rotator cuff insertion.

Results: Humeral lengthening (5 cm) was achieved at 9 weeks,

with bony union at 7 months, and hardware removal at 9½

months. Shoulder and elbow motion was maintained during and

after treatment.

Conclusions: This is the first case report of humeral lengthening

using a fully implantable motorized intramedullary lengthening

nail. Although some technical limitations remain when com-

pared with other methods, the procedure was well tolerated

throughout the course of treatment.

Level of Evidence: Level IV—case report.
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Deformity and growth arrest of the humerus in chil-
dren may result as sequelae of proximal humerus

fractures and unicameral bone cysts, or as complications

of their treatment.1–3 Lengthening of the humerus has
been accomplished with distraction osteogenesis using a
variety of external fixators, including traditional mono-
lateral, Ilizarov-type, and multiaxial correction frames.4–7

Recently, highly reliable and accurate motorized intra-
medullary nails have become available for the femur and
tibia.8 Although no internal lengthening nail is currently
indicated for use in the humerus, the lateral-entry femoral
nail is compatible with the geometry and dimensions of
the humerus in many cases. A search of PubMed yielded
no reported cases in the literature of lengthening of the
humerus with an intramedullary limb lengthening im-
plant. Here, we present a case demonstrating lengthening
of a shortened humerus in a 15-year-old girl using a fully
implantable motorized intramedullary lengthening nail.

A CASE REPORT
A 15-year-old girl presented for evaluation of shortening

and deformity of the right arm. She had been treated for a bone
cyst of the right proximal humerus at age 11 and the shortening
had developed in the subsequent years. She denied any arm
pain, but complained about the appearance of the arm and the
effect of arm shortening on activities of daily living as well as
occasional neck and upper back pain. Clinically the upper arm
was 3 inches shorter on the right (Fig. 1). Range of motion of
the right shoulder demonstrated full extension, forward flexion
to 170 degrees, external rotation 90 degrees, and internal rota-
tion to the midthoracic spine. Elbow range of motion was from
full extension to 130 degrees with full pronosupination. The
neurovascular exam was normal. Radiographs demonstrated 75-
mm shortening of the right humerus with a midshaft, oblique
plane deformity composed of 15-degree varus and 13-degree
apex anterior. A varus deformity of the humeral head/neck was
also present (Fig. 2). The patient and her parents were offered 2
surgical options: (1) humerus osteoplasty, application of ex-
ternal fixator, gradual correction of angular deformity, and
complete correction of shortening over approximately 75 days
with an anticipated time-in-frame of approximately 5 to 7
months; or (2) humerus osteoplasty, insertion of a fully im-
plantable, motorized intramedullary nail, acute correction of
angular deformity, and gradual lengthening to a maximum of
50mm (due to the limitations of the nail). The nail system to be
used was approved for lengthening of the tibia and femur and,
as such, this indication represented an off-label use of the device.
This was explained in detail to the patient and her parents. The
patient and her family elected for the latter option. The varus
deformity of the head and neck caused no pain or restriction in
range of motion, but did allow access to the intramedullary
canal without violation of the rotator cuff; we, therefore, chose
to leave it uncorrected.
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Description of Surgical Procedure
The patient was positioned supine on a radiolucent op-

erating table with a bump under the right scapula. After the
administration of regional anesthesia (supraclavicular block),
the right arm was prepped and draped. The apex of the de-
formity was located at a point 105mm distal to the proximal
humerus. Multiple drill holes were made at this point through a
1-cm stab incision. A 3-cm incision was made at the antero-
lateral border of the acromion to approach the proximal hu-
merus. The starting point was localized with a Steinmann pin
and noted to be just lateral to the rotator cuff insertion as a
result of the varus head/neck deformity. The medullary canal
was opened, a guidewire passed, and sequential reaming ac-
complished with cannulated reamers from 6 to 10mm. The
guidewire was removed, and a 215mm�8.5mm lateral-entry

femoral nail (PRECICE; Ellipse Technologies, Irvine, CA) was
passed to a point just proximal to the previously drilled vent
holes. The osteotomy was completed with an osteotome. The
nail was advanced across the osteotomy acutely correcting the
angular deformity (Fig. 3). The nail was locked proximally with
two 5-mm screws using the guide arm. Distally, after localizing
each distal locking hole, the image intensifier was moved (rather
than the arm to avoid malrotation deformity) until a perfect
circle was seen. The center of the hole was identified with a wire
on the skin. The skin was incised and blunt dissection carried
down to the bone to avoid injury to the neurovascular struc-
tures. Anteroposterior and lateral-medial locking bolts were

FIGURE 1. Preoperative (A) front and (B) back views demonstrating humeral shortening and full elbow range of motion.

FIGURE 2. Preoperative anteroposterior radiograph demon-
strating midshaft varus deformity and varus orientation of the
humeral head/neck.

FIGURE 3. Intraoperative view of the arm after osteotomy,
insertion of nail, and proximal locking.
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placed. The position of the magnet was marked on the skin
(Fig. 4). Wounds were irrigated and closed in layers.

Postoperative Course
The patient began lengthening 0.25mm 4 times a day on

postoperative day 5. She returned to the office 2 weeks after
surgery taking only Tylenol for pain control, having accom-
plished 10mm of distraction. At 4 weeks postoperatively, some
range of motion restriction was noted in the shoulder, and dis-
traction was slowed to 0.25mm 3 times a day. Our practice has
been to check vitamin D levels in all patients preoperatively and
to supplement accordingly. Patients are also given the option of

using a pulsed electromagnetic field bone stimulator (Biomet
EBI Bone Healing System; Biomet, Warsaw, IN) for its theo-
retical benefit of enhancing bone formation and speeding up the
healing, though evidence supporting its use is not robust.9,10 In
this case, both vitamin D supplementation and pulsed electro-
magnetic field bone stimulation was used for the first 3 months
after surgery. At 9 weeks postoperatively, the patient had
completed 5 cm of distraction and lengthening was stopped
(Fig. 5). At 4 months postoperatively, the patient had full
shoulder and elbow motion equal to her preoperative range. At
7 months postoperatively, the regenerate was completely healed.
The nail was removed uneventfully at 9½ months from the
original surgery (Fig. 6).

DISCUSSION
Growth arrest of the proximal humeral physis may

complicate 10% of proximal humeral unicameral bone
cysts.3 The precise etiology of injury to the physis is un-
known.2 As approximately 80% of the growth of the
humerus arises from the proximal physis, the resultant
upper limb-length discrepancy can be substantial.11 A
multiaxial correction monolateral frame, specifically, has
been shown to be an effective tool in achieving greater
function as measured by DASH scores and improved
cosmesis in patients with shortening of the humerus.12,13

Motorized intramedullary nails have allowed for im-
proved adjacent joint range of motion during lengthening
and eliminate the unsightly scars from pin sites encoun-
tered during lengthening with external fixators.8,14

Our case illustrates several benefits of this technique
as applied to the humerus. The elimination of external
fixation allows improved motion during the distraction
and consolidation phases of treatment. Unsightly scars
are also eliminated with this method. For substantial
lengthenings, the time-in-frame may be 6 to 9 months.

FIGURE 4. Fluoroscopic identification of the internal magnet
is used to mark the skin where the external remote controller is
to be used.

FIGURE 5. A, Anteroposterior radiograph at the end of the distraction phase (9 wk postoperatively) demonstrating healthy
regenerate and maintenance of alignment. B, Back view demonstrating final arm length.
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The complete elimination of this factor is an obvious and
dramatic advantage of internal fixation.

This technique is not without its limitations, however.
The approach to intramedullary nailing of the humerus may
involve incising and repairing the tendinous insertion of the
supraspinatus, a potential source of pain and dysfunction.15

In fact, multiple approaches to the starting point for ante-
grade humeral nailing have been described. These include the
traditional anterolateral approach that violates the rotator
cuff insertion, the rotator interval approach that exploits the
interval between the supraspinatus and subscapularis, a
modified extra-articular, extrarotator cuff approach below
the greater tuberosity crest, and a superomedial Neviaser
portal approach through the supraspinatus muscle belly.16–18

Retrograde nailing has been described as well, but suffers
from numerous risks.19 The point at which the humerus is
opened depends on nail design.

In cases with shortening alone, without coronal or
sagittal deformity, the nail trajectory is straight and the
choice of osteotomy site is less important. In this case, the
osteotomy was placed at the apex of the deformity to allow
for a nail-mediated correction as the device was passed.
Techniques that may aid deformity correction in the femur
or tibia, such as fragment-specific eccentric reaming or
placement of blocking (Poller) screws, are not as important
or as easily used in the humerus which is dominated by the
diaphysis. The most obvious limitations arise from the im-
plant itself. At present, the shortest nails available are
160mm (tibial) and 170mm (femoral) in length. Any hum-
eral canal shorter than this distance, therefore, is beyond the
capability of this technique. These sizes are already shorter
than those available at the time this case was performed. In
addition, for nails appropriately sized for typical cases of
humeral shortening, the current generation of telescopic nails
allow a maximum stroke of 3 or 5 cm, depending on nail
length, thus any discrepancy >50mm (as was the case for
our patient) will not be fully resolved with this method.

We feel this technique will emerge as an important
advance in the treatment of humeral shortening.
Humerus-specific nail designs may be able to address
some of the implant-related limitations in the future.
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