Ectopic Ossification of the Triceps Muscle
After Application of Bone Morphogenetic
Protein-7 to the Distal Humerus for
Recalcitrant Nonunion: A Case Report
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We report a case of triceps muscle ectopic ossification and resultant elbow stiffness after
application of recombinant human bone morphogenetic protein to a distal humerus non-
union site. We recommend caution when using this product in the upper extremity in regions
where there is close approximation of soft tissue to bone and where loss of motion would be
problematic. (J Hand Surg 2007;32A:647-650. Copyright © 2007 by the American Society

for Surgery of the Hand.)
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espite advances in fracture fixation and treat-
D ment, impaired healing occurs in 5% to 10%
of fractures' including 2% to 10% of distal
humerus fractures.”” The first line of treatment for
established atrophic nonunions is autogenous bone
graft.* This provides only a limited quantity of bone
graft and carries with it the risk of a second surgery,
as well as short- and long-term donor site morbidi-
ty.5_7
In the case of recalcitrant atrophic nonunion in
which autogenous bone grafting has failed or is not
feasible, research has focused on osteoinductive ma-
terials such as the bone morphogenetic proteins
(BMPs) to provide further biologic stimulus for heal-
ing. Recombinant human bone morphogenetic pro-
tein-7 (rhBMP-7), or osteogenic protein-1 (OP-1), is
a member of the osteogenic protein subclass of the
BMPs, and clinical studies®® have shown it to be a
safe and effective adjunct in promoting the healing of
recalcitrant nonunions and open fractures. This re-
port describes a complication related to the use of
BMP in the treatment of a distal humeral nonunion.

Case Report

A 29-year-old, right-hand—dominant man fell from a
height sustaining an intra-articular, comminuted, bi-
columnar fracture of the left distal humerus. Forty-
eight hours after the injury, the patient was taken to

the operating room at an outside facility, where an
open reduction and internal fixation was performed
through an olecranon osteotomy. Medial and lateral
plates were applied without complication.

The patient was referred to our institution 5
months after surgery because of continued left elbow
pain and stiffness since surgery. Physical examina-
tion showed a loss of 35° of extension and 20° of
flexion compared with the uninjured side. Radio-
graphs and a computed tomography scan showed a
delayed union extending down through the initial
trochlear injury.

The patient was taken to the operating room 6
months after the initial procedure for revision open
reduction and internal fixation. Through a triceps-
sparing approach, a fibrous nonunion of both the
medial and lateral humeral columns was identified
with loosening of the hardware. A revision of both
the medial and lateral plates was performed with
longer implants and locking screw technology. Au-
togenous left iliac crest bone graft was applied to
supplement healing. A formal elbow release of the
anterior and posterior capsules was also performed in
an effort to decrease stress on the fixation after sur-
gery.

Five months after revision surgery, the patient was
asymptomatic and had regained a range of elbow
motion from 10° to 130°. Despite the lack of symp-
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Figure 1. (A) Anteroposterior and (B) lateral radiographs 6
months after revision surgery. Note the continued nonunion
lines in the lateral and medial humeral columns and the lack
of any ectopic ossification.

toms, he continued to have radiographic evidence of
a delayed union of both columns (Fig. 1). This was
confirmed on computed tomography. The patient
now admitted to a history of smoking.

Six months after his revision surgery and 1 year
from the initial trauma, the patient had repeat bone
grafting of both columns of the distal humerus.
Through a limited incision, the triceps was elevated
laterally and split medially over the humeral columns
to expose the nonunion sites. As planned, a bone
dowel saw (Precision Bone Grafting System; Kaltec
Pty Ltd., Edwardstown, SA, Australia) was used to
resect 11-mm-—diameter bicortical plugs from the
distal humeral columns. Care was taken to center the
plugs on the nonunion sites. The resected plugs were
sent for pathologic and microbiologic study, and no
evidence of infection was identified. Slightly larger

12-mm bicortical bone dowel plugs were removed
from the right anterior iliac crest, along with addi-
tional cancellous autograft. As decided in the preop-
erative plan, a single dose of 3.5 mg of recombinant
human OP-1 was mixed with bovine type I collagen
carrier and normal saline to make 5 mL of OP-1 putty
(OP-1 Implant; Stryker Biotech, Hopkinton, MA).
The 2 iliac crest dowels were coated with putty and
gently impacted into the nonunion sites. Because the
iliac crest dowels were shorter than the anteroposte-
rior diameter of the humerus, these were countersunk
slightly beneath the posterior cortex. The remainder
of the OP-1 putty was mixed with the cancellous
autograft and packed on top of the dowels to fill the
remainder of the cavity. Care was taken to ensure that
no bone graft extruded into the soft tissues. The
wound was then irrigated, the tourniquet was de-
flated, meticulous hemostasis was obtained, and the
wound was closed in the usual fashion. After surgery,
the patient’s upper extremity was placed in a hanging
arm sling overnight, and he was discharged home the
morning after surgery.

The initial postoperative course was unremark-
able. Radiographs showed appropriate position of the
dowels in the columns, and the patient was started on
an early rehabilitation program. He subsequently de-
veloped progressive elbow stiffness, however, that
was resistant to formal therapy including patient-
adjusted static bracing. At 10 weeks after surgery, his
elbow range of motion had decreased from 10° to
120° at 2 weeks to 45° to 100° at 5 and 10 weeks. He
denied any smoking over the 10 weeks after his
revision with OP-1. Radiographs showed profound
heterotopic ossification posteriorly within the triceps
muscle (Fig. 2). The patient refused further treat-
ment.

Discussion

The BMPs are members of the transforming growth
factor-beta superfamily, which have been shown to
induce bone formation and maturation through a
series of cellular events, including mesenchymal cell
infiltration, cartilage formation, vascularization, bone
formation and remodeling, and lastly population of
the newly formed bone by hematopoietic bone mar-
row elements.'®™'? Early clinical series have shown
OP-1 to be effective and safe in promoting union in
open fractures and long bone nonunions,®° spinal
fusion,'*~'” and femoral implant ingrowth'® and strut
allograft healing in total hip arthroplasty.'’

Several of the early basic science studies on OP-1
showed the ability of OP-1 to stimulate endochondral
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Figure 2. Lateral radiograph taken 10 weeks after surgery
shows ectopic ossification posterior to the elbow within the
triceps muscle.

bone formation in ectopic extraskeletal sites. Ripam-
onti et al,'®'? using OP-1 combined with a collagen
carrier, stimulated endochondral bone formation in
primate rectus abdominis muscle. Zhang et al*’
found that OP-1 injected directly into a pouch within
the adductor musculature of rats was similarly able to
induce bone formation. Lastly, Forslund and Aspen-
berg®' found that OP-1 injected percutaneously into
the rabbit Achilles tendon could stimulate bone for-
mation.

Despite the potential for OP-1 to induce ectopic
bone in animal models, this complication has not
been identified in early clinical series. Dimitriou et
al® treated 27 consecutive long bone nonunions with
OP-1, including 3 humeral nonunions, and achieved
a 92% union rate with no reported ectopic ossifica-
tion. Friedlaender® et al, in a prospective, random-
ized trial comparing OP-1 with autogenous iliac crest
bone graft in 124 tibial nonunions, found no signif-
icant difference between union rates in the 2 groups
and no cases of ectopic ossification. McKee et al
reported a union rate of 89% in long bone nonunions,
including 11 humeri, with OP-1 with no cases of

ectopic ossification (McKee MD et al, presented at
the 71st Annual Meeting of the American Academy
of Orthopaedic Surgeons, 2004). An additional series
by McKee examined the outcome of open tibial
fractures treated with intramedullary nailing, where 1
group had OP-1 placed at the fracture site at the time
of definitive wound closure and 1 group did not.
There were no cases of ectopic ossification in the
OP-1 group (McKee MD, presented at the 18th An-
nual Meeting of the Orthopaedic Trauma Associa-
tion, 2002). Similarly, studies'*'> of OP-1 when
used as an adjunct in posterior spinal fusion have
reported no cases of ectopic bone as a complication.

Several investigators have specifically studied the
safety profile of OP-1 when placed in close approx-
imation to soft tissues. Paramore et al** applied OP-1
to the subarachnoid space and a fusion bed in a
canine model. All animals treated with OP-1 devel-
oped mild spinal stenosis from new bone formation
in the subarachnoid space that compressed the spinal
cord. Poynton and Lane®® emphasized the impor-
tance of keeping the BMP in the fusion bed and away
from spinal decompression sites to avoid the possi-
bility of bone formation, which could compress neu-
ral structures. These researchers also advised both
avoiding irrigation and maintaining meticulous he-
mostasis after placement of the BMP, because either
irrigation or hematoma can cause BMP to extrude
from the intended site.

Our report describes a complication of massive
ectopic ossification within the triceps directly adja-
cent to an area where OP-1 was used, leading to
marked loss of elbow motion. We believe that this
complication was directly related to the use of OP-1.
This is supported by the pattern and extent of the
ectopic bone that formed in this case. Although ec-
topic bone is not unusual about the elbow, when it
occurs posteriorly it is typically located beneath and
not within the muscle fibers of the triceps.***

In our patient, after the dowels were seated, the
OP-1 was mixed with pure cancellous bone and
packed posteriorly into the defects in the medial and
lateral columns. After surgery, we surmise that the
hanging position of the patient’s upper extremity
overnight may have promoted leakage of the OP-1
directly into the triceps, which was split medially. It
is also possible that the use of irrigation after OP-1
placement could have caused leakage of material and
predisposed the patient to this complication.>* None-
theless, the extent and location of the ectopic bone
formation in this clinical setting is highly atypical
and suggests some contribution from the OP-1. This
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is especially true given the ability of the drug to
specifically form extraosseous bone when placed
within skeletal muscle.'®'”

We recommend that OP-1 be used with caution in
the upper extremity where formation of excess bone
could potentially restrict motion, such as in periar-
ticular areas of the elbow or wrist. As recommended
by previous researchers,?>** one must maintain me-
ticulous hemostasis, limit the exposure only to what
is necessary, avoid irrigation after placement of the
BMP, and avoid placement of the material directly
adjacent to neurovascular structures where compres-
sion from excess bone formation could be problem-
atic.
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