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From the Resident Advisory Board

The orthopedic community is increasingly deluged 
with advancements in the basic sciences. With each 
step, we must evaluate the necessity of new informa-

tion and the relevance of these topics for clinical practice. 
Since the late 1990s, the promise of nanotechnology to effect 
significant changes in the medical field has been heralded. 
However, in this coming decade, we as a profession will see 
unprecedented advances in the movement of this technol-
ogy “from the bench to the bedside.” Not unlike many other 
basic science advancements in our field, nanotechnology is 
poorly understood among clinicians and residents. As the use 
of biologics and drug delivery systems expands in orthopedics, 
nanoparticle-based devices will become more prevalent and 
have a momentous impact on the way we treat and diagnose 
orthopedic patients.

A nanoparticle is generally defined as a particle in which at 
least 1 dimension is between 1 to 100 nanometers and has ma-
terial properties consistent with quantum mechanics.1 Nano-
materials can be composed of organic and inorganic chemical 
elements that enable basic chemical processes to create more 
complex systems. Individual nanoparticle units can be synthe-
sized to form nanostructures, including nanotubes, nanoscaf-
folds, nanofibers, and even nanodiamonds.2-4 Nanoparticles 
at this scale display unique optical, chemical, and physical 
properties that can be manipulated to create specific end-use 
applications. Such uses may include glass fabrication, optical 
probes, television screens, drug delivery, gene delivery, and 
multiplex diagnostic assays.5-7 By crossing disciplines of phys-
ics, engineering, and medical sciences, we can create novel 
technology that includes nanomanufacturing, targeted drug 
delivery, nanorobotics in conjunction with artificial intelli-
gence, and point-of-care diagnostics.7-9  

The field of orthopedics has benefited from nanotechno-
logic advances, such as new therapeutics and implant-related 
technology. Nanotubes are hollow nanosized cylinders that 

are commonly created from titania, silica, or carbon-based 
substrates. They have garnered significant interest for their high 
tensile and shear strength, favorable microstructure for bony 
ingrowth, and their capacity to hold antibiotics or growth fac-
tors, such as bone morphogenic proteins (BMPs).10 The current 
local delivery limitations of BMPs via a collagen sponge have 
the potential to be maximized and better controlled with a 
nanotechnology-based approach. The size, internal structure, 
and shape of the nanoparticle can be manipulated to control the 
release of these growth factors, and certain nanoparticles can be 
dual-layered, allowing for release of multiple growth factors at 
once or in succession.11,12 A more powerful and targeted delivery 
system of these types of growth factors may result in improved 
or more robust outcomes, and further research is warranted. 

It is possible that carbon-based nanotubes can be catego-
rized as a biomedical implant secondary to their mechanical 
properties.13 Their strength and ability to be augmented with 
osteogenic materials has made them an attractive area of re-
search as alternative implant surfaces and stand-alone implants. 
Nanotubes are capable of acting as a scaffold for antibiotic-
loaded, carbon-based nanodiamonds for localized treatment 
of periprosthetic infection, and research has been directed 
toward controlled release of the nanodiamond-antibiotic con-
struct from these scaffolds or hydrogels.4,14 Technologies like 
this may allow the clinician to treat periprosthetic infections 
locally and minimize the use of systemic antibiotics. The per-
fection of this type of delivery system may augment the role 
of antibiotic-laden cement and improve our treatment success 
rates, even in traditionally hard-to-treat organisms.

Nanoscaffolds and nanofibers are created from nanosized 
polymers and rendered into a 3-dimensional structure that 
can be loaded with biologic particles or acting as a scaffold/
template for tissue or bone ingrowth. Nanofibers created using 
biodegradable substrates such as poly(lactic-co-glycolic acid) 
(PLGA) and chitosan have been extensively studied for their de-
layed-release properties and biocompatibility.15 These scaffolds 
are often soaked or loaded with chondrogenic, osteogenic, or 
antibacterial agents, and have been evaluated in both in vitro 
and in vivo studies with promising results.15,16 They have been 
an exciting area of research in tissue engineering, and have 
been accepted as an adjunct in tendon-repair treatments and 
local bone regeneration.3,17 As this technology is perfected, the 
potential to treat more effectively massive rotator cuff tears or 
tears with poor tissue integrity will dramatically improve and 
expand the indications for rotator cuff repair. 
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Augmentation of implant surfaces with nanomaterials 
that improve osseointegration, or that act as antimicrobial 
agents have also been a focus of research in hopes of decreas-
ing the rates of aseptic failure and periprosthetic infection 
in arthroplasty procedures. Nanocrystalline surfaces made 
of hydroxyapatite and cobalt chromium have been evalu-
ated for their enhanced osteoconductive properties, and 
may replace standard surfaces.18-20 Recent work evaluating 
nanoparticle-antibiotic constructs that have been covalently 
bound to implant surfaces for delayed release of antibiotics 
during the perioperative period has shown promise, and 
may allow a more targeted and localized treatment strategy  
for periprosthetic infection.21,22  

Major limitations regarding successful clinical implemen-
tation of nanotechnology include both cost and regulatory 
processes. Currently, pharmaceutical companies estimate that, 
on average, successful clinical trials from phase 1 to comple-
tion for new drugs can cost hundreds of millions of dollars.23 
Such high costs result partially from the laborious and capital-
intensive process of conducting clinical trials that meet US 
Food and Drug Administration (FDA) requirements. These 
regulations would apply to both surface-coated implants and 
nanoparticle-based drug delivery systems. These types of 
implants would not be expedited into the market secondary 
to their drug delivery component and would likely require 
lengthy clinical studies. Implant companies may be reluctant 
to invest millions of dollars in multiple FDA trials when they 
have lucrative implants on the market.

Other limitations include the particles’ complex 3-dimen-
sional structure, which can present challenges for mass pro-
duction. Producing large quantities of nanoparticles at a consis-
tent quality may be a major limitation to the more unique and 
target-based nanotherapies. Recent concerns with the toxicity 
profile of nanotechnology-based medicines have resulted in 
more intense scrutiny of the nanotechnology safety profile.24,25 

Currently, nanoparticle technology is evaluated case by case 
with each technology requiring its own toxicology and safety 
profile testing if it is intended for human use. These tests can be 
cost-prohibitive and require extensive private and government 
capital for successful market entry. Despite these limitations, 
nanotechnology will impact the next generation of orthopedic 
surgeons. Current estimates project the nanomedicine market 
to be worth $177.6 billion by 2019.26 

Advances in nanobased orthopedic technologies have ex-
panded dramatically in the past decade, and we, as the treating 
physicians, must make educated decisions on how and when to 
use nanoparticle-based therapies and treatment options. Nano-
technology’s basic science is confusing and often burdensome, 
but contemporary review articles may be helpful in keeping 
the orthopedic resident and clinician current with advance-
ments.10,27,28 The more we educate ourselves about evolving 
nanotechnologies, the less reluctance we will have when evalu-
ating new diagnostic and therapeutic treatment modalities.
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