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Abstract Tissue engineering implies a number of established 
techniques in several fields in medicine. A thorough 
review of current clinical applications for tissue engi-
neering in rhinology is addressed. Current status, as 
well as, published in vivo studies is presented. More-
over, relevant clinical applications and future perspec-
tives of tissue engineering are demonstrated. There is 

a lack of high quality clinical studies in the literature 
regarding the role of tissue engineering in the rhinol-
ogy field. Further research is needed to translate this 
concept from bench to bedside. 
Keywords: Cartilage, in vivo, reconstructive surgery, 
rhinoplasty 
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Introduction
Tissue engineering employs a biocompatible scaf-
fold, with or without cells, to restore or establish 
normal function in tissues (1). In addition to cells, 
the scaffolds can be supplemented with various 
growth factors. A scaffold employed in tissue en-
gineering should ideally be biocompatible, biode-
gradable, possess appropriate mechanical structure, 
and be clinically and commercially available (2).

Tissue engineering may be applied to a number 
of operations in rhinology, including augmenta-
tive and reconstructive rhinoplasty, nasal septal 
repair, alar nasal reconstruction, nasal deformities 
and craniofacial reconstruction. When develop-
ing tissue-engineering techniques for such proce-
dures, the main focus should be given on cartilage. 
Hyaline cartilage, such as that found in the nose, 
microscopically consists of chondrocytes. Derived 
from mesenchymal stem cells (MSCs), chondro-
cytes are responsible for producing the extracellu-
lar matrix that mainly consists of Type II colla-
gen and proteoglycans. The avascular, aneural and 
alymphatic nature of hyaline cartilage result in it 
having a limited capacity for intrinsic healing and 
regeneration (3, 4). Therefore, the use of autolo-

gous transplants or synthetic materials is required 
to replace the tissue. 

Currently, the gold standard for the reconstruction 
of cartilage defects in many surgical operations 
such as otorhinolaryngology and orthopaedics is 
autologous cartilage, however, donor site morbid-
ity, limited availability, and the need for complex 
surgical operations have diminished its use (3). 
Cartilage tissue engineering has emerged as a 
promising method to replace damaged or missing 
tissue (5). 

Clinical and Research Consequences

In vivo studies
In vivo studies in animals play a vital role in re-
search and provide the foundations for clinical tri-
als. The ideal material for nasal septum reconstruc-
tion is yet to be identified. Bermueller et al. (6) 
investigated the use of marine collagen scaffolds 
for nasal cartilage repair. The rationale for employ-
ing marine collagen is due to the fact that most 
marine species are invertebrates and therefore will 
not possess substances that are harmful to humans 
such as transmissible diseases. The marine collagen 
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scaffolds were seeded with nasal chondrocytes from rats and hu-
mans and implanted in an orthotopic rat model. In vitro results 
demonstrated no cytotoxic reactions. Results from the in vivo 
study showed that the scaffolds displayed appropriate properties 
for regeneration of nasal septal cartilage and were able to pre-
vent septal perforation (6).

Another study by the same research group investigated the use of 
a decellularised collagen matrix. The scaffolds were evaluated in 
vitro by seeding with rat nasal septum chondrocytes and did not 
show any cytotoxic properties. Moreover, implantation into a rat 
model showed that decellularised xenogeneic collagen scaffolds 
were able to integrate well into septal cartilage defects (7). Both 
scaffolds investigated by this research group showed promising 
in vitro and in vivo characteristics. They were both able to pre-
vent the development of septal perforations and therefore may 
provide a solution for nasal septum reconstruction. 

Another field of rhinology where tissue engineering may be 
employed is in augmentative and reconstructive rhinoplasties. 
Whilst autologous grafts are commonly used in rhinoplasty op-
erations, donor site morbidity limits its use. Furthermore, the 
use of synthetic materials may result in implant infection or al-
location as well as an unnatural appearance (8). Preliminary use 
of scaffolds in this field showed great promise. These consisted 
of a poly (lactic-co-glycolic acid) base with alginate containing 
gelatin microspheres, and enriched with human transforming 
growth factor beta-3 in varying doses. They were implanted onto 
the native nasal cartilage in a rat model of augmentation rhino-
plasty and led to the formation of cartilage-like tissue (8). 

Clinical applications
Lately, tissue-engineering therapeutic approaches in rhinolo-
gy have been employed in human trials with promising results. 
Non-melanoma skin cancers are the most common malignant 
skin neoplasm in Caucasians. These lesions arise most frequently 
in the nasal alar lobule (9). Surgery is the treatment of choice, 
however, due to its thick and sebaceous skin and reduced mobil-
ity, reconstruction of the nasal ala poses a surgical challenge (10).

The standard material for reconstructing the nasal alar lobule 
following two-layer excision of skin cancer is autologous carti-
lage harvested from the nasal septum, ear or rib; however, donor 
site morbidity limits its use (11). The use of engineered autolo-
gous cartilage grafts was tested in five cases in a Swiss study. It 
involved harvesting autologous chondrocytes from the subjects’ 
nasal septum and expanding and seeding them onto Collagen 
Type 1 and 3 scaffolds prior to implantation. A one-year fol-
low up showed that the reconstructed tissues displayed similar 
properties to native alar lobule and patients reported satisfaction 
with aesthetic and functional outcomes (11). 

Gentile et al. (12) investigated the use of a combination of 
autologous chondrocyte micrografts and platelet-rich plasma 
(PRP) in eleven patients with external nasal valve collapse. PRP 
is extracted from the patient’s blood and provides a source of 
growth factors. Moreover, this combined material could be sub-

cutaneously injected therefore offering a minimally invasive ap-
proach (12). The analysis of excised fragments from two patients 
revealed that healthy cartilage similar to normal tissue formed 
(12). Longer follow up studies and larger sample sizes are still 
required for stronger conclusions.

Future perspectives
Cartilage tissue engineering classically uses scaffolds with or 
without cells; however the concept of scaffold-free cartilage tis-
sue engineering is emerging. The rationale for scaffold free tissue 
engineering is because the use of exogenous materials can inflict 
host immunogenic responses, which can lead to implant failure 
(13). This process involves culturing human nasoseptal chondro-
cytes in a bioreactor and varying the medium composition and 
amounts of growth factors (14). Studies have shown that this 
technique is able to generate cartilage similar to that of native 
human cartilage. However, only in vitro studies are available (13, 
14). To date, there is no information in the literature about the 
performance of these constructions in animal models. 

One of the limitations of current tissue engineered construc-
tions is a lack of precision in their shape. This may be overcome 
with the use of three-dimensional (3D) printing also known as 
additive manufacturing. This technique is able to create complex 
patient-specific constructions using biocompatible scaffolds and 
cells (15). Poly (glycolic acid)/poly-L-lactic acid (PGA/PLLA) 
is a common biocompatible biomaterial that can be employed 
to construct scaffolds with the aid of 3D printing. Xu et al. (16) 
harvested human nasal cartilage and seeded them onto PGA/
PLLA scaffolds. These were cultured in vitro before implanted 
into subcutaneous tissue of nude mice. It was found that 3D 
printed, tissue engineered constructions could produce struc-
tures with similar histological and biomechanical properties 
with the human nasal alar cartilage. To date, the use of 3D 
printed tissue engineering approaches is a promising solution 
that needs to be reported in clinical studies. It is noticeable, that 
3D printing techniques have been recently applied to facilitate 
preoperative and postoperative assessment in rhinoplasty (17).

In addition to chondrocytes, stem cells have been considered 
as another source of cells for cartilage tissue engineering. The 
sources of stem cells include tissue-derived stem/progenitor 
cells, human embryonic stem cells and more recently human 
induced pluripotent stem cells. These sources stem cells for ap-
plication in rhinology has been reviewed by Vats and Birchall 
(18). However, stem cells have their limitations. The process of 
chondrocyte formation from stem cells is not yet fully under-
stood. Additionally, there is a risk of teratoma formation when 
implanted in vivo (19). 

Conclusion
There are a number of in vitro studies published in the literature 
that aim to apply tissue engineering techniques to rhinologic 
surgical procedures. However, only limited in vivo studies and 
clinical trials have been published highlighting the difficulty to 
translate these concepts from bench to bedside. Crosstalk among 
research groups around the world investigating this multidisci-
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plinary field would be appropriate in order to discuss the most 
promising in vitro and in vivo studies and decide what results 
may be applied into human trials.
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