Editorial [N

Stimulators of fracture repair

Introduction

A road traffic accident is reported every 3 min and death
every 10 min. With increasing burden of trauma; fractures
identifying therapeutics for enhancing fracture healing will
remain paramount. In United States alone, an estimated
15.3 million fractures receive treatment annually, 5-10% of
which are complicated by nonunion or delayed union.!"! Delayed
union or nonunion can result in multiple surgeries and cause
significant patient morbidity and loss of limb function. Because
the current “gold standard”, autogenous bone grafting is costly,
time-consuming, and itself associated with morbidity, there
remains the need for other technologies to enhance healing.
This article reviews current available orthobiologic, biophysical
method, and pharmacological agent to enhance fracture healing.

Bone grafting and bone graft
substitute

Various grafting materials are available to enhance fracture
repair. These materials vary widely in composition, mechanism
of action, and clinical results.

Autogenous bone grafts are gold standard for treatment of
nonunion, but they have several limitations such as donor site
complication, delay in ambulation, pain, and increase in hospital
stay.

Allografts are attractive alternative to autograft, but carry risk for
transmission of disease. Because of the latency period between
virus detection and infection (e. g., 22 days for HIV, 70 days for
hepatitis C virus, and 56 days for hepatitis B virus), the bone
bank must hold the material appropriately before releasing it.
The tissue bank must know the source of the material and must
thoroughly screen donors.

Demineralized bone matrix (DBM) is a product of processed
allograft bone and contains collagen, proteins, and growth
factors extracted from the allograft bone. DBM facilitates the
natural processes of bone formation by presenting an increased
surface area that serves as a site for cell attachment. However,
there is some question about the viability and effectiveness of
the inductive proteins.

Conductive substrates include the calcium ceramics, that is,
calcium phosphate and calcium sulfate. Both families of calcium
ceramics are very similar, but differ in crystalline properties,
rates of incorporation and osteointegration, handling, and
delivery systems. Studies have demonstrated the efficacy of

these materials primarily for metaphyseal defects, but caution is
advised for solitary use in diaphyseal defects. New data indicate
that the calcium ceramics not only may act as conductive agents
but also may increase local demineralization and release of bone
morphogenic proteins (BMPs).™

Platelets degranulate and release a number of factors, including
platelet-derived growth factor (PDGF), transforming growth
factor-B (TGF-B), vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), and insulin-like growth
factor (IGF). These factors have direct chemotactic and
mitogenic effects on osteoblasts and osteoblast precursors, and
act synergistically to help stimulate bone remodeling and healing.
Although platelet gel is not a true osteoinductive material, it is
“osteopromotive”, that is, the factors tend to promote or facilitate
bone growth and thus enhance bone healing. Platelet gel appears
to function best as a physiologic carrier for other graft materials.

BMPs The BMPs belong to the TGF-B superfamily of growth
and differentiation factors. Unlike DBM, which is a mixture of
BMPs and immunogenic noninductive proteins, the pure form
of BMP is nonimmunogenic and nonspecies specific. The BMPs
are true “osteoinducers”. As they are released, they feed back
onto circulating undifferentiated perivascular mesenchymal
cells (stem cells), changing them directly into osteoprogenitor
cells. BMPs are available through recombinant human (rh)
gene technology. Those most extensively studied are rh-OP-1
(osteogenic protein 1), also known as thBMP-7, and thBMP-2.

Aspirate injection. Bone marrow has been used to stimulate bone
formation in skeletal defects and nonunions. The bone marrow
can be aspirated from the iliac crest and injected percutancously,
under fluoroscopic guidance, into the nonunion site. The limited
clinical data appears to indicate that the use of bone marrow
aspirate is a very promising technique. The local iliac harvest
and aspirate concentration is very technique-dependent,® and
failures are usually due to inconsistent aspiration technique.

Biophysical stimulators of fracture
healing

Various biophysical methods have been proposed to accelerate
healing such as low-intensity pulsed ultrasound (LIPUS),
pulsed electromagnetic fields (PEMFs), low-power direct
currents (DCs), and extracorporeal shock waves.

LIPUS is a relatively new tool for accelerating fracture healing.
It has a frequency of 1.5 MHz, a signal burst width of 200 ms, a
signal repetition frequency of 1 kHz, an intensity of 30 mW/cm, ™
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and an administration time of approximately 20 min/day.
In 1983, Xavier and Duarte demonstrated the successful
application of LIPUS (30 mW/cmz2) as a treatment for human
nonunions with a 70% healing rate for 26 cases without harmful
effects.’) There are several attractive features of LIPUS.II No
harmful effects have been reported even in the presence of
infection, osteosynthesis, or metallic devices. The conservative
nature of the modality may help in avoiding additional operative
procedures. Its case of use for the instructed patient allows for
self-administration at home. Basic science!”? and some clinical
trials’®’! have shown that LIPUS could be a useful method for
enhancement or acceleration of healing in some kinds of fresh
fractures and nonunions.

Electrical Stimulation for Fracture Healing In 1957, Fukada
and Yasudal" described the “piezoelectric effect of bone”, the
generation of electrical potentials in response to compression
and tension. This pioneering work led to the hypothesis
that electrical potentials induced by mechanical force could
potentially regulate the process of bone formation. In vivo studies
using different animal models of nonunion have suggested that
clectrical stimulation has the capacity to increase callous volume
and increase mechanical strength of healing bone as compared

with controls.!'h12)

Electric and electromagnetic fields can be generated and applied
to bones affected by delayed union or nonunion through 1 of
4 currently used methods: DC, PEME combined magnetic
fields (CMFs), or capacitive coupling (CC)."*! Each method is
associated with different advantages and disadvantages and has
its own specific clinical indications.

DC electrical stimulation involves the surgical implantation
of a cathode at the fracture site and an anode in the nearby
subcutancous tissue, with the production of an electric current
between them. PEMF therapy is a noninvasive mode of bone
growth stimulation involving placement of a wire coil over the
fracture site. CC; the electrical field is created by an oscillating
electric current produced between two capacitor plates placed on
the skin on opposite sides of the fracture. CMFs are produced
through the combination of alternating current and DC and
produce a constant sinusoidal wave pattern of electric stimulation.

Extracorporeal Shock Wave Therapy

Shock waves are single high-amplitude sound waves generated by
electrohydraulic, electromagnetic, or piezoclectric methods that
propagate in tissue with a sudden rise from ambient pressure to
its maximum pressure at the wave front, followed by lower tensile
amplitude.™ ESWT has been suggested for the treatment of
various musculoskeletal disorders such as plantar fasciitis, lateral
epicondylitis, calcifying tendinitis, and avascular necrosis of
the femoral head. Moreover, ESWT has also been suggested as
a stimulator of bone healing, and it has been employed in the
treatment of delayed union/nonunion.” The exact pathway by
which ESWT may exert its effect on bone healing remains the
subject of ongoing experimental investigations.

Systemic pharmacological agents for
fracture healing

Parathyroid Hormone

Once daily injection of 1-34 PTH increases bone formation
on all bone surfaces including trabeculae, endosteal bone, and
periosteal bone. Treatment with teriparatide expands osteoblast
and osteoblast precursor populations contributing to its bone
anabolic effects. Native parathyroid hormone also stimulates
expansion of mesenchymal stem cell populations that contribute
to osteogenic and chondrogenic cell populations and there is
considerable interest into whether teriparatide may have similar
stem cell effects. Multiple case reports of healing of fractures
of long bones (fresh and nonunion) and of spinal vertebrae
have been reported using teriparatide alone with no surgical

intervention.!1o!!

Wnt signaling proteins

Whnt signaling is known to be an important pathway during
skeletal development, playing a role in chondrogenesis and
chondrocyte maturation during bone formation." Wnt
signaling appears to be important in the development of
osteoblasts from pluripotent mesenchymal stem cells. Several
regulators of Wnt signaling have been identified including the
secreted proteins, Dickkopf 1 (Dkk1) and sclerostin. Antibodies
to both Dkk1 and sclerostin have been developed and appear to
have the potential to induce bone formation by allowing Wnt
signal transduction.

Conclusion

By 2020; disability from road traffic accident, the major cause of
fracture, is predicted to be top cause of disability from disease
Although, orthopedic and trauma surgeons are equipped with
highly specialized tools to fix fractured bones, even though
development of impaired healing is still a great concern. Through
the advent of tissue engineering, the ability to repair or regenerate
the musculoskeletal system is developing rapidly and expanding
in its applications. With the help of quality research in order to
enhance the osteogenic potential of cell concentrates, growth
factors and osteoinductive substances, would greatly enhance
the management of musculoskeletal injuries and diseases in the
future.
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