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Abstract
Cosmetic and reconstructive surgery relies extensively on the complex relationship between skin, soft tissue and the underlying bone skeleton. Soft tissue loss and 
acquired soft tissue deficits are some of the daily challenges faced by the plastic surgeon. Fat grafting has become one of the standard lines of care that has various 
applications in plastic surgery treatments. The ability of adipose stem cells to rejuvenate by producing trophic factors, and to differentiate into different cell types, has 
provided promising utilization for a variety of different applications in plastic surgery. Bone disorders, including infection and poor healing, pose vexing problems 
to the reconstructive surgeon. Vascular surgery is a technique necessary for the reconstruction of the most challenging surgical defects, and has great potential for 
improvement through technology. Nanoscale refinements of current techniques may offer more efficient and improved surgical and non-surgical approaches for 
reconstruction. Such refinements will significantly expand our capabilities for innovative reconstructive interventions, with high efficiency, specificity and minimal 
invasiveness.

Introduction
Cosmetic and reconstructive surgery relies extensively on the 

complex relationship between skin, soft tissue and the underlying bone 
skeleton. Soft tissue loss and acquired soft tissue deficits are some of the 
daily challenges faced by the plastic surgeon. Traumatic and oncologic 
bone defects, and complex defects requiring vascular reconstruction 
are similarly faced by plastic surgeons on a daily basis.

Extensive efforts have been made to develop various treatment 
options, techniques and approaches to achieve desirable results with 
minimal scarring, lower risks, less complications, and limited donor 
site morbidity. Fat grafting has become one of the standard lines of care 
that has various applications in plastic surgery treatments [1-6]. The 
ability of adipose stem cells to rejuvenate by producing trophic factors, 
and to differentiate into different cell types, has provided promising 
utilization for a variety of different applications in plastic surgery [7-
17]. Existing fat grafting methods are associated with reported side 
effects including infections [7,18], calcifications [19] and inconsistent 
resorption ratios in tissue [20].

The most common form of bone regeneration is fracture healing, 
during which the pathway of normal fetal skeletogenesis is reactivated 
[21]. However, with substantial loss of bone tissue the regenerative 
process is compromised, as seen in cases of avascular necrosis 
and osteoporosis. These challenging situations often necessitate 
augmentation of natural bone repair. Most of the current strategies for 
bone regeneration exhibit relatively satisfactory results. However, there 
are associated drawbacks and limitations to their use and availability, 
and even controversial reports about their efficacy and cost-
effectiveness. Little has been reported on the use of nanobiomaterials 
as carrier materials for sustained release of growth factors in bone 
regeneration. One area of focus in nanotechnology is the delivery of 
osteogenic factors in an attempt to modulate the formation of bone.

The most significant anatomic defects often require reconstruction 
of not just bone and soft tissue, but also of vascular structures. Acute 
reconstruction requires the precise coaptation of arteries and veins 
without thrombosis and while maintaining patency. Long term success 
requires maintenance of patency and the prevention of significant vessel 
narrowing through atherogenesis or intimal hyperplasia. Endovascular 
techniques can significantly improve each of these phases.

Nanotechnology is the new state of the art that may offer more 
efficient and improved surgical and non-surgical approaches for skin 
and soft tissue reconstruction. The use of nanomaterial is minimally 
invasive, precise, multifunctional, and can be conducted in a very 
selective and controlled environment [22].

Nanoparticles are no longer limited to being drug carriers. They 
can be designed to carry highly specific physicochemical features, 
making them an excellent option for targeted therapy. The aim of this 
review is to summarize the recent patents in the nanotechnology field 
that carry some clinical significance in the treatment of soft tissue, 
that eventually may change the way we approach some reconstructive 
procedures [22,23].

Methodology
We searched the publically available and recently published and 

approved patents for the years 2012-2014. All patents that included 
regenerative medicine applications in the field of plastic surgery were 
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selected. Patents that had direct clinical application, or had a mature 
description that can be clinically relevant in the field of surgical 
reconstruction, were chosen for our review. 

Results and clinical applications
Fat grafting

Fat grafting has become part of the standard lines of care in 
plastic surgery treatments. Mesenchymal adipose and endothelial 
stem cells are believed to be the main contributors to the various 
effects of fat grafting, including improved contour, quality of skin, and 
neovascularization [1,24-29]. The fat stem cells are highly proliferative 
and believed to be progenitors to variety of soft tissue, including 
osteoblasts, chondrocytes, myocytes, epithelial cells and neuronal 
cells. This creates a potential to treat a variety of tissue defects from 
a single and easily accessible cell source, with a relatively low donor 
site morbidity [13,30-36]. Fat grafting can be divided into 4 phases: 
procurement, processing, injection, and recipient site management 
[37].

Improved cells quality and stability (Patent US 8512695 B2)
[38]

The presented patent uses Triblock polymers (poloxymer P188) 
mixed with the adipose tissue graft to stabilize the cell membranes of the 
cells, leading to less necrosis and more successful retain of transported 
fat. The patent targets stability of cells during procurement, handling of 
the graft and transplantation. The patent studied Triblock copolymers 
with a hydrophobic portion flanked by two other hydrophilic portions. 
The invention described compositions of polymers with central 
hydrophobic portion of P188 that interacts with the hydrophobic 
layer of the cell membrane, and the flanking hydrophilic ends of P188 
locate themselves along the outer hydrophilic surface of the membrane. 
The Triblock copolymers thus seals and stabilizes the cell membrane 
preventing cell damage. The polymer is also descried to decrease the 
cellular viscosity, which makes the cells more soluble reducing the 
tension on the injured membranes. 

The cells may be mixed with the polymer during processing just 
prior to injection, or before harvesting by injecting the donor site with 
a composition that includes the polymer. The patent also descried 
the addition of lipoic acid to the polymer; their investigation claims 
that lipoic acid addition has decreased the apoptosis of the fat cells 
compared to normal saline only. The patent claim shows a promising 
application that may decrease cell death and increase the viability of 
harvested and injected fat graft.

Fat processing (Patent: US 8440440 B2) [39]

This patent addresses the extraction of stem cells from 
liposuctioned fat. Despite early concerns over the quality of harvested 
fat using ultrasonic harvest techniques, recent research comparing it 
to traditional technique showed no significant difference in stem cell 
content. Traditional techniques rely on flow cytometry, FACS, or 
nanoscale cell sorting techniques to separate non-stem cell (e.g., CD 
13, 29, 31) from stem cell populations (e.g., CD 3, 34). This patent 
focuses on treating the aspirate ex vivo with ultrasonic cavitation. This 
is done in a controlled environment and for a sufficient amount of 
time. Nanoscale refinemens of the ultrasound probe allow more precise 
delivery of ultrasonic waves into the harvested tissue, allowing selective 
destruction of fat and blood cells, while preserving the stromal fraction 
containing stem cells. The cavitation lyses fat and other aspirated cells 
while preserving stromal, mesenchymal and endothelial stem cells. The 

broken components are washed out providing a concentrated pure 
stem cells aspirate. If this patent shows reliability and no undesirable 
effects by the concentrated stem cells; this technique may make fat 
grafting a more powerful tool for soft tissue reconstruction, tissue 
regeneration, wound healing, and soft tissue augmentation.

Improved fat survival (Patent WO2014152629 A1) [40]

Neovascularization is a critical component in long-term survival 
and regeneration of transferred fat. This patent concentrates on the 
use of tissue signals to mobilize and recruit bone marrow derived 
vasculogenic progenitor cells to the site of injection. The progenitor 
cells stimulate neovascularization and regeneration of the transferred 
tissue. The patent described the use of Stromal Cell Derived Factor- 
1 (SDF-1) as a mobilization factor with either concurrent or interval 
fashion administration. The inventors also described the use of this 
chemotactic agent as a biopolymer, which is mixed with the harvested 
fat before injection. The biopolymer will then release the chemotactic 
agent over time without the need for reinjection. Specifically, the 
biopolymer takes the form of nanoscale polyglycolic and polylactic 
acid derivatives. This nanopolymer stabilizes the chemotactic agent 
an allows time- and location-specific controlled drug release. These 
biopolymers are administered as microspheres or implants. The 
described method is simple and can be easily integrated clinically. If 
the descried patent proved to be safe and effective, this nanoparticle 
integration may mean a more reliable fat grafting and less number of 
fat grafting session to achieve the desirable results. 

Precise micro-injection (Patent: US 20130310748 A1) [41]

This invention does not utilize micro particles, however, it does 
use high definition CT scan imaging integrated with 3D micro-
injections. This is performed using an automated fat injection device. 
The injection unit is operated by a robotic arm system in a controlled 
speed. Fat grafts are injected into the subcutaneous layer with accurate, 
and effective manner without back and forth surgeon’s arm movement. 
The device injects the harvested fat in three-dimensional layers and 
lines. This device resolves the issue of inconsistent placement, excess 
of fat grafts that may cause fat necrosis, unevenness of skin, or poor 
blood circulation. The automatic fat graft injection device allows fixed 
orientation, quantification, and constant pressure, thereby increasing 
the likelihood for survival of fat grafts with an easy approach. The 
robotic injection device utilizes preoperative CT scan for planning. This 
invention carries the potential to be another great tool that simplifies 
injection, and at the same time maximizes the outcomes of fat grafting. 

Fat removal
Patent US8298556-B2 [42]

Surgical and non-surgical procedures for improving soft tissue 
contour and appearance have increased in prevalence. Liposuction is 
one of the most popular cosmetic surgery procedures for removing 
excessive fat deposits. Despite being a well-tolerated procedure, it is 
associated with significant adverse events that includes; bruising, 
swelling, numbness, soreness, infections, pigmentation, and friction 
burns. The procedure also carries more serious complications like 
the formation of fat embolism, excessive fluid loss, organ injury, and 
anesthetic toxicity [43]. 

Fat removal utilizing nanoscale drug delivery techniques provide 
a promising alternative to liposuction. Formulations containing 
nanoscale formulations of phosphatidylcholine and bile salts have been 
utilized to treat localized fat accumulations. Phosphatidylcholine is an 
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essential component of cell membrane, and plays an important role 
in stability and repair of the membrane. Phosphatidylcholine and bile 
salts were used to reduce subcutaneous fat in the infraorbital region, 
thighs, abdomen, upper back, chin, and arms [44,45].  However, the 
aforementioned solutions come with some noticeable side effects 
like burning sensations, erythema, urticaria and variable degrees 
of pruritus, all of which usually resolve within a few days. More 
permanent sequelae including ulcerations, formation of granulomas, 
tissue necrosis and fibrosis are reported [44-46]. The exact mechanism 
of the solution is not completely understood. Reduction of adipose cell 
size, or acting as a detergent or emulsifying agent are hypothesized to 
be the cause of the observed effect [42]. 

This patent proves that bile salt solution alone does show similar 
effects, and can be used for non-surgical removal of localized fat 
deposits. The administration of bile salts alone provides similar effects 
on soft tissue without liposuction. The present patent describes a 
method for the non-surgical removal of localized fat deposits by 
administering phosphatidylcholine-free detergent compositions. The 
patent also described adding active anti-inflammatory and dispersion 
agents such as hyaluronidase or collagenase to enhance the activity 
and outcomes of this product. These detergent compounds, delivered 
in aqueous form, are produced using nanoscale fabrication techniques 
into specific micelles representing nanoscale drug delivery units.

Bone and Implant-associated infection

Implant-associated infectionis one of the most serious 
complications in orthopedic surgery. Bone infections associated with 
foreign body materials are especially difficult to treat. Removal of the 
infected implants [47,48], long-term systemic antibiotic therapy, and 
multiple revisions with radical debridement are frequently required 
[49-51]. The consequences of infection can be devastating and may 
lead to prolonged hospitalization, poor functional outcome, sepsis, and 
even amputation [52].

Implant-associated infections are the result of bacteria adhesion 
to an implant surface and subsequent biofilm formation at the 
implantation site [53]. Formation of biofilm takes place in several 
stages, starting with rapid surface attachment, followed by multilayered 
cellular proliferation and intercellular adhesion in an extracellular 
polysaccharide matrix [54]. Bio-films are resistant to both the immune 
response and systemic antibiotic therapies. 

Different surface modification strategies for orthopedic implants 
have been investigated, including (a) addition of materials of desired 
functions to the surface; (b) conversion of the existing surface into 
more desirable chemistries and/or topographies; and (c) removal of 
material from the existing surface to create new relevant topographies 
[55]. The latter, which was tested during in-vitro studies, provides the 
surface with a specific roughness to promote osteoblast proliferation 
and cell adhesion [56].

Coating metal implants with a bactericidal film would inhibit 
bacteria from colonizing implant surfaces and provide a high antibiotic 
concentration in a local region commonly found as a nidus for bacterial 
infection [57]. Different surface modifications and coating techniques 
can be used, such as direct impregnation with antibiotics [58] and 
immobilization of an antimicrobial agent in a matrix capable of 
binding to different surfaces [59], as well as coating with antimicrobial, 
active metals such as copper and silver [60] nitric oxide (NO)-releasing 
materials [61] and TiO2 films [62].

Active coatings for delivery of therapeutic molecules using the 

advantages of nanotechnology have a bright future. Implant-related 
microbial infection is a serious threat after orthopedic surgery. This 
method is very efficient because it decreases systemic toxicity and 
side effects of parenteral antibiotics, while also yielding higher drug 
concentration in the relevant tissues.

Bone implants and drug-release systems

One area of focus in nanotechnology is the delivery of osteogenic 
factors in an attempt to modulate the formation of bone. Research has 
focused on the use of biodegradable materials as scaffolds for cellular 
ingrowth, cell transplantation, or the delivery of therapeutic molecules 
as methods for regenerating osseous tissue.

Since Urist et al. [63] demonstrated that glycoproteins extracted 
from demineralized rabbit could induce bone formation in ectopic 
sites in tibia matrix rabbits and mice, tremendous advances have been 
made in the development of recombinant growth factors, proteins, and 
peptides for bone tissue regeneration. These factors have been shown 
to induce bone formation within a defect without the use of a carrier, 
but their relatively short half-lives necessitate the use of significant 
amounts of protein [64]. 

To increase the in vivo efficacy as well as reduce the quantities 
needed, the development of carriers capable of controlled, sustained 
delivery of proteins and peptides is desirable. In order to minimize 
surgical intervention required for the implantation of controlled 
release scaffolds, the development of materials that can be injected and 
cross-linked in situ would be desirable.

Much research effort has been committed to the investigation of 
ordered mesoporous silica materials in the biomedical field for two 
main reasons: their capability to regenerate bone tissue [65,66] and their 
drug delivery possibilities [67,68]. When these silica-based ordered 
mesoporous materials are exposed to the physiological environment, 
a series of chemical reactions take place in the material-living tissue 
interface, which lead to the material incorporation into the living 
tissue. Available pore volume and surface play a key role in the protein 
loading capacity of silica-based ordered mesoporous materials. If large 
biomolecules, such as certain proteins, are targeted to be adsorbed in 
ordered mesoporous materials, these matrices should present several 
characteristics: 1) large size pores size to allow diffusion; 2) high surface 
to allow a large retention percentage; 3) high pore volume to offer 
available space into the mesopores to be filled by the protein.

Several natural and synthetic polymers have been explored for use 
as delivery vehicles for bone inductive molecules. The poly(a-hydroxy 
acid) family of polymers including poly(lactic acid) (PLA), poly(lactic-
co-glycolic acid) (PLGA), and their copolymers have been the focus of 
much of this research as they are biocompatible, undergo controllable 
hydrolytic degradation into natural metabolites, and can be processed 
into many forms [69,70]. In addition, microparticles of PLA and PLGA 
have been used to deliver many factors including TGF-1 and BMP-2 
into osseous defects [71]. Finally, porous PLGA scaffolds have also been 
developed to provide support for cellular migration. Some of this work 
focused on the adsorption of therapeutic agents onto prefabricated 
scaffolds, but control of the factor’s release kinetics was found to be 
limited with this technique.

Patents 8304220 and 8278094

Both of these patents describe methods for delivering one or 
more biologically active molecules or cells to a subject. The methods 
are comprised of one or more devices constructed of a porous bone 
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structure including a plurality of holes therein and a semi-permeable 
membrane which covers at least a portion of the plurality of holes prior 
to implantation, the porous bone structure at least partially forming 
an internal cavity. The cavity contains one or more biologically 
active molecules or cells, and are selectively permeable through the 
semi-permeable membrane. In some embodiments, the pore size is 
approximately any integer nm from 1 to 10,000 including, but not 
limited to, 2 nm, 3 nm, 4 nm, 5 nm, 8 nm, 10 nm, 12 nm, 15 nm, 20 
nm, 25 nm, 50 nm, 100 nm, 200 nm, 300 nm, 500 nm, 600 nm, 800 nm, 
1,000 nm, 2,000 nm, 5,000 nm, or 10,000 nm. In other embodiments, 
the pore size is approximately 1 nm to 10,000 nm, 10 nm to 5,000 nm, 
25 nm to 1,000 nm, 50 nm to 750 nm, 100 nm to 500 nm, 10 nm to 100 
nm, 5 nm to 50 nm, 1 nm to 10 nm, 2 nm to 20 nm, 500 nm to 5,000 
nm, 1,000 nm to 10,000 nm, or 250 nm to 1,000 nm in width. In some 
embodiments, the pore size is not uniform throughout the structure. 
The purpose of this device is, amongst others, to deliver localized doses 
of a bioactive agent for the potential treatment of deep tissue infection, 
or disorders of bone healing, as outlined in the preceding section.

Vascular reconstruction

The most significant anatomic defects often require reconstruction 
of not just bone and soft tissue, but also of vascular structures. Acute 
reconstruction requires the precise coaptation of arteries and veins 
without thrombosis and while maintaining patency. Long term success 
requires maintenance of patency and the prevention of significant vessel 
narrowing through atherogenesis or intimal hyperplasia. Endovascular 
techniques can significantly improve each of these phases.

Patent 8287937

This patent describes an intravascular stent with a coating having 
a smooth orange peel morphology is formed on an adluminal surface 
of a stent, concurrently with the formation of a coating having a rough 
rice grain morphology on an abluminal surface of the stent. During 
the formation of the two coatings, a mandrel is placed adjacent to 
the adluminalsurface of the stent but does not generally contact the 
adluminal surface. The first coating and the second coating can be 
formed using physical vapor deposition, glancing angle deposition, 
or sputtering. The first and second coatings can include a metal, for 
example, tantalum, chromium, titanium, or iridium, or a ceramic, for 
example, titanium nitride, titanium oxide, titanium oxi-nitride, or 
iridium oxide. The first coating can have a thickness of about 10 nm to 
about 50 nm. The second coating can have a thickness of about 200 nm 
to about 300 nm.

Embodiments of this patent may include one or more of the 
following advantages. Stents can be formed with ceramic coatings that 
have morphologies and/or compositions that enhance therapeutic 

performance. In particular, the ceramics are tuned to enhance 
mechanical performance and physiologic effects. Enhanced mechanical 
performance provides particular advantages during the challenging 
operations encountered in stent use, which typically includes 
collapsing the stent to a small diameter for insertion into the body, 
delivery though a tortuous lumen, and then expansion at a treatment 
site. Enhancing mechanical properties of the ceramic reduces the 
likelihood of cracking or flaking of the ceramic, and enhances adhesion 
of the ceramic to the stent body and to overcoatings, such as drug 
eluting materials. Improved physiologic effects include discouraging 
restenosis and encouraging endothelialization. The ceramics are tuned 
by controlling ceramic morphology and composition. For example, 
the ceramic can have a morphology that enhances endothelial growth, 
a morphology that enhances the adhesion of overcoatings such as 
polymers, e.g., drug eluting coatings, a morphology that reduces 
delamination, cracking or peeling, and/or a morphology that enhances 
catalytic activity to reduce inflammation, proliferation and restenosis. 
The ceramic coatings can be tuned along a continuum of their physical 
characteristics, chemistries, and roughness parameters to optimize 
function for a particular application. Different coating morphologies 
can be applied in different locations to enhance different functions 
at different locations. For example, a high roughness, low coverage, 
defined-grain morphology can be provided on abluminal surfaces 
to enhance adhesion of a drug-eluting polymer coating and a low 
roughness, high coverage, globular morphology can be provided on 
the luminal surface to enhance endothelialization. The composition 
is tuned to control hydrophobicity to enhance adhesion to a stent 
body or a polymer and/or control catalytic effects. The morphologies 
and composition can be formed by physical vapor deposition using 
methodologies that allow fine tuning of the morphology characteristics 
and permit highly uniform, predictable coatings across a desired 
region of the stent. Further, the two morphologies can be provided to 
different locations simultaneously or sequentially without taking the 
stent out of the deposition system, therefore, potential contamination 
due to vacuum breakdown and long operation time can be reduced or 
avoided.

Future directions and conclusion 
Regenerative medical techniques offer multiple future promising 

applications for soft tissue reconstruction. However, more research is 
needed to examine the interaction of various materials with different 
body systems. The biodistribution, safety, and long-term consequences 
need to be evaluated further prior to their clinical application. 

The small size and possible infiltration of nanoparticles allow them 
to penetrate tissue, migrate in the body, and possibly accumulate in 
various organs or cells. More research is needed to fully understand 

Patent US 8298556-B2 Methods and related compositions for the non-surgical removal of fat
Patent US 8440440-B2 Ultrasonic cavitation derived stronal or mesnchymal vascular extracts and cells derived therefrom obtained from adipose tissue and 

use thereof
Patent WO 2014152629-A1 Combination therapy to improve soft tissue healing, fat graft healing, endochondral bone healing and osteointegration
Patent US 20130310748-A1 Automatic fat graft injection device with navigation system
Patent US 8298556-B2 Methods and related compositions for the non-surgical removal of fat
Patent US 8304220-B2 Bone semi-permeable device
Patent US 8278094-B2 Formed by combining an implantable bone structure configured to form an internal cavity and a semi-permeable membrane such that 

an internal cavity is maintained; for delivering one or more biologically active molecules and/or one or more living cells or tissues 
to a subject

Patent US 8287937-B2 Endoprosthese

Table 1. Description of patents referenced in the current article.
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the pharmacokinetics and dynamics of these structures, and therefore 
their applications. However, nanotechnology will significantly expand 
our capabilities for innovative reconstructive interventions, with high 
efficiency, specificity and minimal invasiveness. 
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