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INTRODUCTION
Cartilage plays a key role with respect to form and func-

tion of facial features. When cartilage of the nose or ear is 
damaged by injury, it does not have the capacity to regener-
ate. This means that an ear or nose remains mutilated once 
its cartilage structure is disrupted. A reconstructive proce-
dure is then necessary to create a new framework with a 
good 3D structure capable of withstanding normal mechan-
ical forces. Practically, the reconstruction of the ala nasi or 
minor ear defects is most often performed using auricular 
or septal cartilage grafts.1,2 In more extensive cases, costal 
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Background: In the human ear and nose, cartilage plays a key role in establishing 
its form and function. Interestingly, there is a noticeable paucity on biochemical, 
structural, and mechanical studies focused on facial cartilage. Such studies are 
needed to provide elementary knowledge that is fundamental to tissue engineer-
ing of cartilage. Therefore, in this study, a comparison is made of the biochemical, 
structural, and mechanical differences between ear, ala nasi, and septum on the 
extracellular matrix (ECM) level.
Methods: Cartilage samples were harvested from 10 cadaveric donors. Each sam-
ple was indented 10 times with a nanoindenter to determine the effective Young’s 
modulus. Structural information of the cartilage was obtained by multiple-photon 
laser scanning microscopy capable of revealing matrix components at subcellular 
resolution. Biochemistry was performed to measure glycosaminoglycan (GAG), 
DNA, elastin, and collagen content.
Results: Significant differences were seen in stiffness between ear and septal carti-
lage (P = 0.011) and between ala nasi and septal cartilage (P = 0.005). Elastin con-
tent was significantly higher in ear cartilage. Per cartilage subtype, effective Young’s 
modulus was not significantly correlated with cell density, GAG, or collagen con-
tent. However, in septal cartilage, low elastin content was associated with higher 
stiffness. Laser microscopy showed a distinct difference between ear cartilage and 
cartilage of nasal origin.
Conclusion: Proposed methods to investigate cartilage on the ECM level provided 
good results. Significant differences were seen not only between ear and nasal car-
tilage but also between the ala nasi and septal cartilage. Albeit its structural similar-
ity to septal cartilage, the ala nasi has a matrix stiffness comparable to ear cartilage. 
(Plast Reconstr Surg Glob Open 2018;6:e1610; doi: 10.1097/GOX.0000000000001610; 
Published online 18 January 2018.)
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cartilage can be used, offering more material for harvest 
and providing a more rigid support. Ear, septal, or costal 
cartilage can be used for reconstruction, but the availability 
of material for transplantation is generally limited and do-
nor-site morbidity remains a risk. This is especially the case 
in burn patients who often suffer from extensive damage to 
the nose and ears because of their protruded position and 
thin skin coverage.1,3,4 As such, regenerative medicine offers 
exciting possibilities to overcome these problems. New de-
velopments in the field of tissue engineering have already 
found their way to the clinic. Yanaga et al., for example, 
performed several clinical experiments in which newly de-
veloped cartilage from autologous chondrocytes isolated 
from the ear was used for ear framework reconstruction.2,5 
With increased attention for tissue-engineered alternatives, 
we need structural information on the tissues we are seek-
ing to replicate. However, there are little data in the litera-
ture on the mechanical characteristics and differences in 
composition and structure between the various facial car-
tilage types, in particular the ear, alar, and septal cartilage.

Although they share a common embryonic origin, fa-
cial cartilage soon differentiates into distinct cartilage sub-
types according to their specific structural function. In the 
early stage of developing vertebrates, the embryonic re-
gion that is to become the head and neck is transiently di-
vided into segments known as the pharyngeal arcs (PAs). 
The ear has a combined origin and is derived from PA1 
and PA2 that form the hillocks of His at 6-week develop-
ment. Eventually, these 6 hillocks fuse together to form 
the outer ear.6,7 PA1 grows further outward to form the 
lower mandibular process and upper maxillary process. 
The latter later forms the frontal prominence and the me-
dial and lateral nasal processes, which will form into the 
alar nasi and after final fusion into the septum.8

Mature ear cartilage consists of an intricate network 
of elastin fibers and collagen bundles surrounded by a 
layer of perichondrium. This high-elastin content makes 
it unique among the various cartilage subtypes in the fa-
cial region. The anatomy of the human nose on the other 
hand consists of several separate structural elements. A 
major part is the septum providing support for the bridge 
of the nose and on either side of the septolateral and 
lobular cartilages to support the ala nasi. The lateral area 
further comprises of several sesamoid cartilages and ac-
cessory cartilages. In contrast with ear cartilage, the nasal 
structures are all made of hyaline cartilage. Hyaline carti-
lage consists mainly of collagen, in particular type II, and 
is divided into several zones.9

The extracellular matrix (ECM) structure and its bio-
chemical composition are essential to the mechanical 
function of cartilage. Standard biochemistry assays can be 
used to determine the concentration of the main tissue 
components. To visualize the 3D structure of the ECM, 
multiple-photon laser scanning microscopy has been used 
for other tissues such as articular cartilage.10 This method 
is capable of revealing essential matrix components, ie, 
chondrocytes, collagen, and elastin fibers, label-free, with 
subcellular resolution and deep penetration.11

The reported stiffness of facial cartilage types varies 
considerably. Because different techniques are used to 

measure the cartilage, it is difficult to give a general value. 
Besides tensile or indentation measurements having dif-
ferent limitations and advantages,12 it is also important 
to discern the different magnitudes or scale of mechani-
cal testing. For the assessment of gross mechanical traits, 
important for maintaining of large shapes especially in 
surgical reconstruction, various techniques have been de-
scribed.13–16 The same applies for atomic force microscopy 
(AFM), where extensive research has been conducted on 
surface micro mechanics of cartilage.17–19 However, the 
mechanical conditions of the scaffold’s cellular environ-
ment, between AFM and gross mechanical testing, have 
important influence on the behavior of cells20 and as such 
are fundamental to adequate regeneration of cartilage.21 
Therefore, insight in the local mechanical properties and 
structure on the ECM level is required to provide the right 
environment for cell differentiation. The device used in 
this study allows indentation on the micrometer scale at 
higher depth ranges, providing essential mechanical in-
formation on the different cartilage subtypes.

Understanding the fundamentals of tissue structures is 
essential for adequate tissue engineering. From practice, 
surgeons are familiarized with the gross mechanical traits 
of cartilage in reconstructive surgery. Mechanical behav-
ior however is essentially determined on the microscopic 
scale through an intricate symbiosis of cells and their sur-
rounding structures.

In this article, we aim to provide fundamental infor-
mation on the differences between the facial cartilage 
types on a structural and mechanical level with the use 
of novel technology to evaluate these parameters on the 
ECM level. Although without direct practical implications, 
it may also offer surgeons new insights and inspiration in 
optimizing their reconstructive efforts by providing bet-
ter understanding on the nature of the tissues they work 
with. With the advancement of regenerative medicine, 
surgeons will come to a point where this knowledge will 
prove invaluable.

METHODS

Samples
Cartilage samples were harvested from 10 fresh frozen 

cadaveric donors (8 male, 2 female), average age 66.5 ± 6 
years at UMCU (University Medical Center of Utrecht, 
The Netherlands) according to the ethical guidelines of 
the institution. From each donor, 2 adjacent samples from 
the ear concha, medial nasoseptal cartilage, and lateral 
alar cartilage were removed with a 4-mm biopsy puncher. 
The samples were shipped at −20°C to either the VU Uni-
versity (Amsterdam, The Netherlands) for biomechani-
cal and microscopic evaluation or EMC (Rotterdam, The 
Netherlands) for biochemical evaluation. Samples were 
thawed before experiments, and remaining tissue and 
perichondrium were surgically removed.

Indentation
To determine mechanical properties, indentation 

measurements were performed using a novel commer-
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cial nanoindenter (Piuma; Optics11, Amsterdam, The 
Netherlands). The device utilizes a ferrule-top cantilever 
probe22 to apply load and simultaneously measure indenta-
tion depth using a fiber optic–based readout (Figs. 1A, C). 
In this setup, a 78-µm diameter spherical probe was used 
capable of applying forces ranging from 0.1 µN to 7.5 mN 
at indentation depths ranging 1 to 17 µm. Cantilever 
bending calibrations were performed before each series 
of experiments by indenting a rigid surface and equating 
cantilever bending to probe displacement. Each sample 
was indented 10 times on the same anatomical location 
in a grid pattern with 100-µm distance between measure-
ments. The resulting stress strain curves (Fig. 1B) were an-
alyzed using the mathematic model derived by Oliver and 
Pharr for a spherical indenter to determine the effective 
Young’s modulus (E*).23 The indentation protocol was 
carefully optimized to minimize viscoelastic effects from 
influencing the measurements (data not shown).

Biochemical Evaluation
Before biochemical analysis, wet weight was determined 

of all cartilage samples, which were then digested over-
night at 60°C in a papain solution (0.2M Na2H2PO4, 0.01M 
EDTA.2H2O, 250 µg/mL papain, 5 mM L-cysteine, pH 6.0).

The amount of DNA measured in each papain-digest-
ed cartilage sample was determined by ethidium bromide 
(GibcoBR1), using calf thymus DNA (Sigma-Aldrich) as a 
standard. Samples were analyzed with a spectrofluorome-
ter (Wallac 1420 Victor 2; Perkin-Elmer, Wellesley, Mass.), 
using an extinction filter (340 nm) and an emission filter 
(590 nm).

A 1,9-dimethylmethylene blue (DMMB; pH 3.0) assay 
was performed to measure the sulfated glycosaminoglycan 
(GAG) content in each papain-digested cartilage sample. 
The metachromatic reaction of DMMB was monitored 
using a VersaMax spectrophotometer at 530 and 590 nm. 
Shark chondroitin sulfate C was used as a standard. Hy-
droxyproline content was measured to estimate collagen 
quantity using the Total Collagen Assay (QuickZyme 
Biosciences, Leiden, The Netherlands) according to the 
manufacturer’s instructions. Briefly, papain digests were 
hydrolyzed with equal volumes of 12M HCl at 95°C for 
18–20 hours. Hydroxyproline content was measured using 
a modification of the Prockop and Udenfriend method 
(Prockop and Udenfriend, 1960) and normalized to sam-
ple wet mass.

Elastin content of the cartilage samples was measured 
using the Fastin Elastin Assay (Biocolor, Carrickfergus, 
UK) according to manufacturer’s instructions. Briefly, car-
tilage samples were converted to water-soluble α-elastin by 
3 overnight heat extraction cycles at 100°C in 0.25M oxalic 
acid before adding the kit’s dye. Absorption was measured 
at 513 nm on a VersaMax plate reader. α-elastin from bo-
vine neck ligament (provided by manufacturer) was used 
as a standard.

Multiphoton Microscopy
Structural information of the cartilage was obtained by 

multiple-photon laser scanning microscopy using intrinsic 
optical signals from unprocessed cartilage. The imaging 
setup consisted of a commercial 2-photon laser scanning 
microscope (2PLSM, TriMScope I; Lavision BioTec GmbH) 

Fig. 1. Overview of indentation and multiphoton laser microscopy technology. a, Setup of cantilever indentation device (piuma, Op-
tics11). B, Example of indentation curve of a cartilage measurement. red tangent represents the slope of the unloading curve used to 
determine the eff. Young’s modulus. C, Graphic detail of the indenter tip, the ball forms the tip of the indenter (ϕ78 μm). D, Optical setup 
of multiphoton laser scanning microscope trimScope i (laVision Biotech), titanium-sapphire laser. E, SHG channel showing collagen bun-
dles. F, 2pF channel showing elastin fibers. Bp, band-pass filters; Cit, cantilever indentation tip; Dm, dichroic mirror; GS, x-Y galvo scanner 
mirrors; ir-l, infrared laser; ir-pD, infrared laser diode; l, lenses in the front of the pmts; mO, microscope objective; OF, optical fiber; pmt, 
photomultiplier tubes; Sl, scan lens; tl, tube lens.
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and a femtosecond laser source (Fig. 1D). The laser source 
was a femtosecond Ti-sapphire laser (Coherent Chameleon 
Ultra II) generating ~200 fs pulses at 800 nm with linear po-
larization and repetition rate of 80 MHz. The laser beam 
was focused on the cartilage sample by a 25 × 1.10 large N.A. 
water-dipping objective (Nikon APO LWD), providing trans-
verse resolution ~0.5 μm and axial resolution of ~2 μm. The 
laser power on the sample was adjusted in the range 5–50 
mW to attain sufficient signal-to-noise ratio and avoid tissue 
photodamage. The laser beam was transversely scanned over 
the sample by a pair of galvo mirrors. Depth scanning was 
accomplished by moving the objective with a stepper motor.

The second harmonic (SHG) and 2-photon fluores-
cence (2PF) photons were generated by collagen (SHG, 
2PF) and elastin (2PF) fibers and by intracellular autofluo-
rescent proteins and were collected in the epidetection ge-
ometry. The SHG and 2PF photons were filtered from the 
800-nm excitation photons by a dichroic mirror (Chroma 
T695lpxrxt), then split into SHG and 2PF channels by a 
dichroic mirror (Chroma 425lp), passed through interfer-
ence filters for SHG (Chroma Z400/10X) and 2PF (Chroma 
HQ500/140M-2P), and detected by high-sensitivity GaAsP 
photomultiplier tubes (Hamamatsu H7422-40) (Figs. 1E, F).

Data acquisition was performed with the TriMScope I 
software (“Imspector Pro”) and images stacks were stored 
in 16-bit tiff format and further processed and analyzed 
with “ImageJ” software (MacBioPhotonics).

Statistical Analysis
Biochemical differences were analyzed using mixed 

models with Bonferroni correction. Differences in effec-
tive Young’s modulus between groups were determined 
through generalized estimating equations. To measure 
the correlation between stiffness and biochemical con-
tent, a bivariate correlations model was used. All analyses 
were performed using SPSS Statistics software version 22. 
A P value of less than 0.05 was considered significant.

RESULTS

Indentation
Indentation revealed significant differences (P = 0.011) 

in stiffness between ear cartilage (1.14 ± 0.71 MPa) and 
septal cartilage (2.65 ± 1.78 MPa) and between ala nasi 
cartilage (1.26 ± 0.51 MPa) and septal cartilage (P = 0.005) 
(Fig. 2). Comparison of ala nasi with ear cartilage showed 
no significant differences however. The stiffness per carti-
lage type varied considerably between donors (see Figure, 
Supplemental Digital Content 1, which displays stiffness 
varied considerably between donors per cartilage type, 
http://links.lww.com/PRSGO/A624).

Biochemistry
Cell density based on DNA content was significant-

ly higher in ala nasi cartilage (2.35 ± 1.20 μg/mg dry 
weight) than in cartilage from the ear (1.13 ± 0.23 μg/
mg dry weight) or septum (0.94 ± 0.52 μg/mg dry weight) 
(P = 0.005 and P = 0.001, respectively) (Fig. 3A). Auricular 
cartilage (141.40 ± 27.2 μg/mg dry weight) had a signifi-

cantly higher elastin content than ala nasi (60.12 ± 18.35 
μg/mg dry weight) and septum (17.38 ± 16.71 μg/mg dry 
weight) (Fig. 3B). Water and collagen content were not sig-
nificantly different between the cartilage types (Fig. 3C). 
In the nose, septum (96.00 ± 23.21 μg/mg dry weight) ap-
peared to have slightly higher GAG content than ala nasi 
(64.61 ± 30.42 μg/mg dry weight) (Fig. 3D).

Per cartilage subtype, the effective Young’s modulus 
was not significantly correlated with cell density, GAG, or 
collagen content. However, in septal cartilage, low elastin 
content was associated with higher stiffness (Table 1).

Multiphoton Microscopy
The cartilage samples of 2 donors were imaged in the 

mid segment in the sagittal plane. The SHG and 2PF mi-

Fig. 2. indentation revealed significant differences in stiffness be-
tween ear cartilage and septal cartilage (*P = 0.011) and between 
ala nasi cartilage and septal cartilage (**P = 0.005). no significant 
differences between ala nasi and ear cartilage were seen.

Video Graphic 1. See video, Supplemental Digital Content 2, which 
displays multiple-photon laser scanning microscopy of the archi-
tecture of the ala nasi cartilage in 3D stacked image video. Unlike 
the ear cartilage, no elastin is seen other than a diffuse green back-
ground signal. the majority of cells are grouped in relatively large 
clusters. Step size, 2 µm; green, elastin; red, collagen, http://links.
lww.com/PRSGO/A625.

http://links.lww.com/PRSGO/A624
http://links.lww.com/PRSGO/A625
http://links.lww.com/PRSGO/A625
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croscopy generated showed a distinct difference between 
ear cartilage and the cartilage of nasal origin (Fig. 4). Not 
only the absence of elastin fibers (green) was evident, also 
the general structure of nasal cartilages was different from 
the ear. Cartilage from the nasal area gives a much more 
diffuse image compared with the dense fibrous network of 
the ear cartilage. Chondrons, agglomerates of chondro-
cytes within their pericellular matrix, appeared larger in 
the ala nasi than in the septum in both donors.

DISCUSSION
To our knowledge, this is the first study that compares 

the biochemical, 3D structural, and mechanical differenc-
es between all 3 facial cartilage types in human donors. By 
measuring differences in cartilage composition, structure, 
and stiffness on the ECM level, we aimed to identify sig-
nificant aspects of facial cartilage architecture necessary 
for adequate tissue engineering.

This is relevant for tissue engineering of cartilage, which 
has received massive attention the last decade. A variety 
of different cell types and scaffolds have been proposed 
for auricular or nasal cartilage engineering.24–29 Although 
promising results have been obtained, most regenerated 
tissues generally are only a very marginal substitution of 
the original tissue. This study reveals that there are signifi-
cant differences between cartilage types on the ECM scale, 
even if they are similar in mechanical properties.

The composition of ear cartilage is known to be dif-
ferent compared with septal cartilage in that it contains 
elastic fibers.29 We could measure small amounts of elastin 
in nasal cartilage with biochemical analyses. This is in line 
with a study in white New Zealand rabbits where, using 
immunohistochemical staining, high-elastin content was 
found specifically in the ear cartilage matrix compared 
with only moderate elastin content in the nasal septal peri-
cellular regions.30 The fact that the matrix comprises for 
an substantial part of elastin suggests that this may offer 

Fig. 3. Biochemical analysis results showing distinct differences in composition between the cartilage types. although ala nasi cartilage 
and septum bear strong similarities in tissue architecture, they significantly differ in Dna and GaG content (P = 0.001 and P = 0.024, re-
spectively). the nasal cartilages contain very limited elastin. this might be partially attributable to connective tissue remnants although 
caution was taken to remove these as much as possible.
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an important attribution to the mechanical qualities of ear 
cartilage.31

The effective Young’s modulus was significantly 
lower in auricular and ala nasi cartilage than in nasal 
septum cartilage. However, stiffness between ear and 
ala nasi cartilage was not statistically different, although 
there was a clear difference in elastin content. These 
findings match the observations of Griffin et al.32 who 
found similar differences in stiffness between ala nasi 
and septal cartilage.

In a recent article, Nimeskern et al.33 explored how 
elastin influences the mechanical behavior of cartilage. 
They found different viscoelastic behaviors of bovine hya-
line articular cartilage and ear cartilage, with ear cartilage 
being more elastic whereas articular cartilage demonstrat-
ed a higher resistance to instantaneous loading. Upon 
enzymatic treatment to remove elastin and/or GAG, they 
demonstrated that the compressive mechanical properties 
of ear cartilage appeared to be mainly due to the elastin 
fiber network, whereas these properties were provided by 
collagen in articular cartilage. Moreover, the influence of 
GAG on mechanical behavior appeared different between 
the cartilage types: in ear cartilage, GAG had no major in-
fluence on mechanics, whereas in articular cartilage, GAG 
had a clear influence. Although a different tissue, this ap-
parent discrepancy between the expected role of elastin 
and the actual mechanical properties was also noted in 
dermal scar tissue.34 This demonstrates the complex role 
of tissue composition in mechanical function of the tissue.

The differences in mechanical behavior between the 
cartilage types could be determined not only by their 
biochemical compositions but also by tissue architec-
ture. Using multiple-photon laser scanning microscopy, 
the 3D structure of the different cartilage types could 
be depicted in high detail. Interestingly, the ala nasi, 
although very similar in appearance to the septal carti-
lage and low in elastin content, demonstrated mechani-
cal behavior that is more comparable to ear cartilage. 
(See video, Supplemental Digital Content 2, which 
displays multiple-photon laser scanning microscopy of 
the architecture of the ala nasi cartilage in 3D stacked 

Table 1.  Bivariate Correlations Model Showing Correlation 
between Biochemical Composition and Stiffness (Effective 
Young’s modulus) per Cartilage Subtype

Young’s Modulus DNA GAG COL ELA

Auricle     
  Pearson 0.040 −0.302 0.080 0.096
  Correlation 0.913 0.396 0.826 0.838
  Significance (2-tailed) 10 10 10 7
  N     
Ala nasi     
  Pearson −0.427 0.327 −0.549 −0.217
  Correlation 0.219 0.357 0.100 0.641
  Significance (2-tailed) 10 10 10 7
  N     
Septum     
  Pearson 0.405 0.105 0.408 −0.951*
  Correlation 0.246 0.774 0.242 0.049
  Significance (2-tailed) 10 10 10 7
  N     
Low elastin content has a significant (P = 0.05) correlation with the stiffer sep-
tum. Question remains whether this is due to the actual elastin concentration 
or the structural composition.
*Correlation is significant at 0.05 level (2-tailed).

Fig. 4. top to bottom: donor samples 3 and 5. left to right: ala nasi, septum, ear. Green: elastin; red: col-
lagen. the fibrous structures in the ear cartilage are clearly discernable compared with the diffuse green 
background signal in the nasal cartilage samples. as shown in Figure 3, Dna content varies consider-
ably, which is also discernable in the different cell densities of the septum images.
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image video, http://links.lww.com/PRSGO/A625 and see 
video, Supplemental Digital Content 3, which displays 
multiple-photon laser scanning microscopy of the archi-
tecture of the septal cartilage in 3D stacked image video, 
http://links.lww.com/PRSGO/A626.)

Although similar in general appearance, we observed 
that chondron size seemed to be different between ala 
nasi and septum cartilage. Sample size was small however, 
and no statistic evidence was gathered to support this side 
finding.

Donor variability is large, and general comparison 
of our data with literature is difficult as no research has 
previously been performed comparing these 3 cartilage 
types both mechanically, structurally, and biochemically. 
Our data match the observations of Nimeskern et al.29 that 
septal cartilage is stiffer and contains higher GAG than 
auricular cartilage but lower DNA, indicative for lower 
cell concentration. Our findings also match the results of 
a study performed by Griffin et al.32 who measured lower 
stiffness of the ala nasi cartilage compared with the sep-
tum. For tissue engineering purposes, the scale at which 
the indentation experiments were performed gives a good 
reference for the appropriate scaffold stiffness on the cel-
lular level. SHG proved a good tool to noninvasively de-
pict the collagen and elastin bundle architecture in 3D. 
(See video, Supplemental Digital Content 4, which dis-
plays multiple-photon laser scanning microscopy of the ar-
chitecture of the ear cartilage in 3D stacked image video, 
http://links.lww.com/PRSGO/A627.)

This information could be translated to serve as a 
structural template for 3D printing of scaffolds and to-
gether with the data on mechanics and biochemical con-
tent provides a new step toward scaffold optimization for 
facial cartilage reconstruction.

We used cartilage samples from donors at higher age 
(average 66.5 ± 6 y). Mechanical behavior and histology 
might differ in younger patients because of calcifications 
and structural changes during aging. Ears, for example, 
continue to expand in volume throughout a lifetime, which 
is attributed to alterations in the elastic fibers during ag-
ing.35 For the septum however, Richmon et al.16 found no 
significant differences in mechanical properties between 
age and gender. Although samples were taken from the 
same anatomical location in all donors, minor variation 
might have occurred. This is a limitation, as several studies 
indicate that within the separate cartilage types, there are 
regional differences in content.32 Despite their localiza-
tion and comparable role as soft-tissue support suggesting 
similar characteristics, the facial cartilages are in fact quite 
different from another. The specific function of cartilage 
tissue, for example, compression for articular cartilage 
and flexibility for ear cartilage, may demand different me-
chanical testing regimes. We chose microindentation to 
explore the stiffness of the ECM; in regard to our findings 
perhaps a combination of mechanical tests is necessary to 
be able to elicit the different structural roles of the vari-
ous cartilage components. In the future, it might be inter-
esting to also include macroscopic mechanical testing, as 
gross mechanical traits are also influenced by other fac-
tors such as the perichondrium and anatomical form.15,36

From a surgical perspective, it is interesting to note 
that tissue composition and mechanical behavior are not 
always related as expected. We did not find an explanation 
for the lower stiffness of ala nasi cartilage. It does support 
the concept that tissue transplants from different origins 
can serve as structural surrogate in reconstructive surgery. 
The use of concha tissue for ala nasi reconstruction is an 
excellent example thereof. Other fields that are not cov-
ered in this article but are important to consider are cel-
lular interaction including proteomics and metabolism, 
as cell survival and behavior are key to tissue engineering 
and long-term successful transplantation. The finding that 
the facial cartilage types not only structurally differ but 
also vary in cell content may hold implications for surgical 
reconstruction, as tissues with higher cells concentrations 
potentially demand a more nutrient-rich environment 
when transplanted. The merging of knowledge from prac-
tical experience and fundamental research in our opinion 

Video Graphic 2. See video, Supplemental Digital Content 3, which 
displays multiple-photon laser scanning microscopy of the architec-
ture of the septal cartilage in 3D stacked image video. the septal 
cartilage has a similar appearance to that of the ala nasi with no dis-
cernable elastin and aggregated cell clusters throughout the tissue. 
Step size, 2 µm; green, elastin; red, collagen, http://links.lww.com/
PRSGO/A626.

Video Graphic 3. See video, Supplemental Digital Content 4, which 
displays multiple-photon laser scanning microscopy of the archi-
tecture of the ear cartilage in 3D stacked image video. the intricate 
network of elastin fibers is clearly discernable. Step size, 2 µm; green: 
elastin; red, collagen, http://links.lww.com/PRSGO/A627.

http://links.lww.com/PRSGO/A625
http://links.lww.com/PRSGO/A626
http://links.lww.com/PRSGO/A627
http://links.lww.com/PRSGO/A626
http://links.lww.com/PRSGO/A626
http://links.lww.com/PRSGO/A627
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will prove essential in a world where tissue engineering is 
rapidly becoming reality, a development that should not 
be overlooked by surgeons.

CONCLUSION
Understanding the complete composition of tissue, 

structural, mechanical, and biochemical, is essential to 
regenerate an appropriate scaffolding environment for fa-
cial cartilage regeneration. This is particularly reflected by 
the finding that albeit its 3D structural similarity to septal 
cartilage, the ala nasi has a matrix stiffness that is more 
comparable to ear cartilage. In that light, the role of elas-
tin remains to be further elicited, and perhaps we should 
question whether its name is not misleading in regard of 
its contribution to tissue mechanics.
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