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Open Reduction and Treatment with Bone Morphogenetic Protein-2 for
Correction of Closed Tibial Pseudoarthrosis in a 32-Year-Old Non-
smoking Male with Osteoporosis and Hypogonadism: A Case Report

Samantha Hill', Katherine Slack', Frankie Perry', Kanwar Parhar’, Miguel Schmitz "

Learning Point of the Article:
BMP-2 is an effective, currently non-FDA-approved method of treating a chronic poor healing non-union fracture of the tibia.

Introduction: Bone morphogenetic protein-2 (BMP-2) is an osteoinductive growth factor approved for use in interbody spinal fusion and open
tibial shaft fractures. Reports of its off-label application exist, but there is limited documentation regarding its use in closed tibial
pseudoarthrosis. This case is notable as one of the first to describe the successful use of BMP-2 in a young male with osteoporosis and
hypogonadism, conditions that further complicate fracture healing.

Case Report: A 32-year-old non-smoking Caucasian male sustained a Gustilo-Anderson grade 1 open fracture of the left tibia and fibula,
initially treated with intramedullary nailing. The proximal interlocking screw was later removed for dynamization to promote axial loading, but
radiographs demonstrated inadequate tibial healing. He subsequently underwent exchange intramedullary nailing with proximal and distal
interlocking, fibular osteotomy, preparation of the tibial non-union site, and bone grafting from the fibular osteotomy. Despite these
interventions, progressive radiographs continued to demonstrate inadequate healing. Workup revealed osteoporosis (lumbar T-score -2.5) and
hypogonadism (testosterone 200 ng/dL). Medical optimization was initiated with testosterone supplementation and teriparatide injections.
Due to persistent pseudoarthrosis, the patient ultimately underwent open preparation of the tibial non-union site with eburnation, application of
recombinant BMP-2, and iliac crest autograft. Subsequent radiographs demonstrated healing of both the tibia and fibula, with mild valgus
alignment thatwas clinically insignificant. The patient was pleased with the results and is doing better overall.

Conclusion: Eleven months after surgery, the tibia demonstrated radiographic healing with no significant complications. This case highlights
the potential role of BMP-2 as an adjunctive therapy for difficult-to-heal closed tibial pseudoarthrosis, particularly in the setting of metabolic
bone disease. Its successful use in this patient suggests that it may expand treatment options for refractory non-union beyond currently approved
indications, contributing to broader orthopedic practice.
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Introduction in development and bone formation. BMP-2 is the most widely

Bone morphogenetic proteins (BMPs) are growth factors in the studied and clinically used subtype due to its osteoinductive
transforming growth factor-beta superfamily that play key roles Properties. Recombinant human BMP-2 (thBMP-2), initially
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Figure 1: Radiographs of the left tibia and fibular fracture associated with a
Gustilo-Anderson grade 1 open fracture with intact neurological and vascular
status.

released in 2002, was originally used for cervical and lumbar
fusions and progressive usage in open tibia fractures [1]. Since
its approval, clinical use has expanded rapidly, with a marked
increase in both on-label and off-label applications.

Despite this growth, there is limited literature evaluating the use
of BMP-2 for closed tibial pseudoarthrosis. Non-union of tibial
fractures remains a challenging problem, with reported
prevalence ranging from 4% to 8% depending on patient and
injury characteristics. Risk factors include open fractures,
infection, high-energy trauma, and metabolic bone disease [2].

Secondary osteoporosis in men, particularly when related to
hypogonadism, is increasingly recognized as an
underdiagnosed contributor to impaired bone healing.
Hypogonadism is associated with reduced bone mineral
density, higher rates of fragility fractures and impaired
fracture repair [3]. Men with untreated hypogonadism are
also at increased risk of major fractures, but only a small
fraction of them are treated with testosterone or other bone-
active agents [4].

Here, we present a case of a young male with osteoporosis
and hypogonadism who developed tibial pseudoarthrosis
that failed multiple surgical interventions and was
ultimately managed successfully with open reduction and
augmentation using BMP-2 and iliac crest autograft. To the
best of our knowledge, this is among the first reported cases
of closed tibial pseudoarthrosis in a young male with
metabolicbone disease treated successfully with thBMP-2.

Case Report

grade one open tibia and fibula fracture following a motor
vehicle accident. This can be seen in Fig. 1. Initial management
included open reduction and internal fixation with an
interlocked intramedullary nail and irrigation and debridement
of the open fracture. The patient had no history of diabetes,
smoking, or alcohol abuse. Family history was negative for
osteoporosis or metabolic bone disease. He reported decreased
libido and fatigue but had not undergone prior endocrine

evaluation.

At 4 months, radiographs demonstrated delayed union, as
noted in Fig. 2. The proximal interlocking screws were removed
to allow dynamization. Six months later, persistent non-union
was present, with continued pain and difficulty bearing weight.
He subsequently underwent exchange intramedullary nailing
with interlocking, fibular osteotomy, local bone grafting, and
debridement of the pseudoarthrosis site. Despite these
procedures, serial radiographs over the following months
showed no evidence of progressive healing, as seenin Fig. 3.

Further evaluation revealed metabolic bone disease. Dual-
energy X-ray absorptiometry demonstrated osteoporosis with a
lumbar spine T-score of 2.5, total hip —1.9, and femoral neck
-1.5. Laboratory studies confirmed hypogonadism with low

serum testosterone.

Six months after exchange nailing, the patient underwent open
reduction and treatment of tibial pseudoarthrosis with
augmentation of the non-union site using two pledgets of
rhBMP-2 (Medtronic INFUSE™, total dose 4.2 mg) and iliac
crest autograft. Intraoperatively, the pseudoarthrosis site was
debrided and prepared before grafting. The intramedullary nail
was retained for stability. Fig. 4 for post-operative imaging.

At the patient’s last post-operative visit, he stated his pain as a
2/10 and occurring only occasionally. The patient reported
beingvery satisfied with the outcome.

Figure 2: Radiographs identified that there was a non-union or pseudoarthrosis
associated with the tibia, but there was healing associated with the fibula. The

A 32-year-old non-smoking Caucasian male sustained aleft proximalinterlockingscrewremovalisidentified with the lack ofa screw proximally.
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swelling, and theoretical malignancy risk, though
large trials have not consistently demonstrated
significant excess risk. A review of the clinical side
effects of BMP-2 found that although BMP-2 is
biologically upregulated in several cancers, no
evidence has been found that it increases the risk of
malignant transformation and carcinogenesis [8].
In addition, there was determined to be no antibody
formation or systemic illness associated with BMP-
2 usage [7]. High cost remains a barrier to
widespread adoption. With BMP-2 use for tibial
non-union being off-label, insurance coverage is
typically unavailable, leaving access dependent on
institutional policy and patient resources.
Conversely, its use in open tibial shaft fractures

Figure 3: Radiographs prior to final surgery showing fibular pseudoarthrosis and tibial non- ( Gustilo types I-III A) is FDA-approved with a

union despite priorinterventions.

Discussion

Successful fracture union is influenced by multiple patient and
injury-related factors, including age, smoking, diabetes, obesity,
high-energy trauma, open fracture, and infection [2]. Our
patient, though young and otherwise healthy, had underlying
hypogonadism-associated osteoporosis, a rarely described risk
factor for tibial non-union. The literature suggests that
osteoporosis is a risk factor for non-union, which argues that
hypogonadism-associated osteoporosis is a plausible
contributor to tibial non-union [5].

Non-union of tibial fractures occurs in up to 8% of cases, with
higher rates in those with systemic or local risk factors [2]. One
study had reported union in 25/27 of the chronic tibial non-
unions that were treated with rhBMP-2 compared to 33% of
union found in no-BMP control group [6]. Another similar
study had found that 9 tibial non-unions that were treated with
rhBMP-2 with an autograft had all united with 95.8% healed at 6
monthsand 100% healed at 12 months [7].

Closed tibial pseudoarthrosis is particularly challenging, as
biological stimulation is often limited compared to open
fractures, where soft-tissue manipulation or grafting is more
teasible. Conventional options such as dynamization, exchange
nailing, fibular osteotomy, and bone grafting may fail in difficult
biological environments.

BMP-2 provides potent osteoinductive signaling and has been
shown to stimulate mesenchymal stem cell differentiation,
angiogenesis, and endochondral ossification. While Food and
Drug Administration (FDA) approvalislimited to spinal fusion
and open tibial shaft fractures, off-label applications in long
bone non-unions are increasingly reported. Complications
include ectopic bone formation, inflammation, wound

labeled indication (INFUSE® Bone Graft) [9,10].

Economic models in Germany suggest that the
usage of BMP-2 may actually reduce overall costs as reoperation
and secondary intervention rates would be lowered [11]. For
chronic non-unions, the decision is based on individual case
severity, prior failures, and cost constraints.
This case highlights the potential of BMP-2 in the setting of
impaired bone healing compounded by metabolic bone disease.
The addition of iliac crest autograft provided osteogenic and
osteoconductive support, while BMP-2 supplied a powerful

Figure 4: Radiographs demonstrate healing of the tibia and fibula after
isolated tibial revision with debridement, hardware removal, bone
morphogenetic protein application, and iliac crest bone grafting, without
intervention at the fibular site.
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osteoinductive stimulus. Together, these likely created an
environment conducive to union where previous surgeries had

failed.

The role of hypogonadism in fracture healing is increasingly
recognized. Male osteoporosis accounts for nearly one-third of
all fragility fractures yet remains underdiagnosed and
undertreated [3]. Hypogonadism is a well-established cause of
secondary osteoporosis and is associated with increased
fracture risk [4]. Testosterone supplementation has been
shown to improve bone mineral density and reduce fracture
incidence in hypogonadal men [3]. However, little is known
about how hypogonadism directly impacts fracture healing, or
how biologic agents such as BMP-2 may mitigate impaired bone
regeneration in this population.

This case is unique in that it demonstrates successful fracture
union using BMP-2 in a patient with two complicating
metabolic conditions — osteoporosis and hypogonadism - that
are rarely reported together in the context of pseudoarthrosis.
The combined surgical and medical management highlights the
importance of a multidisciplinary approach: Orthopaedic
intervention with BMP-2 augmentation, and endocrine-
directed management with testosterone and teriparatide.

Limitations

This is an only single case of a successful treated tibial non-
union. Broader studies are required to define the efficacy, safety,

and cost-effectiveness of BMP-2 in refractory tibial non-unions,
particularly in patients with metabolic bone disease.

Conclusion

This case demonstrates that BMP-2 can promote healing of
closed tibial pseudoarthrosis, even in the setting of osteoporosis
and hypogonadism. Although off-label, its successful use
highlights the potential role of BMP-2 as an adjunctive
treatment for difficult non-unions. The case also underscores
the importance of evaluating and treating underlying metabolic
bone disease in young patients presenting with delayed union.
Multidisciplinary care combining orthopedic, endocrine, and
pharmacologic strategies may significantly improve outcomes
in challenging cases. Broader investigation is needed to
determine optimal patient selection and long-term results of
BMP-2 in similar scenarios.

Clinical Message

This case highlights the potential role of BMP-2 as an adjunctive
treatment for refractory closed tibial pseudoarthrosis, especially in
patients with underlying metabolic bone disease such as
osteoporosis and hypogonadism. Early recognition and
management of systemic risk factors, in collaboration with
endocrine care, may improve outcomes in challenging non-union

cases.
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