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Purpose: Reconstruction of the posterior lamella after eyelid tumor removal is challeng-
ing and not consensual. Tarsus is the most suitable graft, but is only available in small
amounts. Herein, we aim to determine the most appropriate way to replace the tarsus
by comparing the biomechanical, histological, and optical properties of five commonly
used grafts.

Methods: This study was conducted at the University hospital of Nice between June
2019 and June 2020. Five posterior lamella grafts (tarsus, conchal cartilage, sclera, hard
palate, and dermis) were harvested in five fresh frozen cadavers. Biomechanical proper-
ties were assessed by tractometry. Collagen and elastin fibers were analyzed by using
histological analysis and optical characterization with the second harmonic generation
imaging.

Results: The mean Young’s modulus was 8.92 MPa (range, 2.90–22.90 MPa), 1.05 MPa
(range, 0.39–1.76 MPa), 8.72 MPa (range, 2.0–23.50 MPa), 2.57 MPa (range, 0.41–4.35
MPa), and 1.44 MPa (range, 0.71–2.30 MPa) for the tarsus, the conchal cartilage, the
sclera, the hard palate mucosa, and the dermis, respectively. The mean tensile strength
was 3 MPa (range, 1.70–6.88 MPa), 0.54 MPa (range, 0.13–0.79 MPa), 2.87 MPa (range,
1.23–5.40 MPa), 1.4 MPa (range, 0.21–2.40 MPa) and 1.0 MPa (range, 0.46–1.43 MPa) for
the tarsus, the conchal cartilage, the sclera, the hard palate mucosa, and the dermis,
respectively. Hard palate mucosa was the closest to the tarsus regarding the ratio of
elastin and collagen fibers. The average second harmonic generation intensity was 221
arbitrary units (a.u.) (range, 165–362 a.u.), 182 a.u. (range, 35–259 a.u.), 369 a.u. (range,
206–533 a.u.), 108 a.u. (range, 34–208 a.u.), and 244 a.u. (range, 195–388 a.u.) for the
tarsus, the conchal cartilage, the sclera, the hard palatemucosa, and the dermis, respec-
tively. The hard palate mucosa and the dermis were the closest to the tarsus regarding
the collagen fiber size and orientation, respectively.

Conclusions:By attributing 2points for each characteristic (biomechanical, histological,
and optical), the hard palate mucosa and the sclera seem to be the most suitable grafts
to replace the tarsus.

Translational Relevance: The aim of this article was to assess the biomechanical, histo-
logical and optical characteristics of five of the most commonly used tarsal grafts; this
may be helpful in decisions for clinical practice.
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Introduction

Both upper and lower eyelids can be divided into
anterior, middle, and posterior lamella. The anterior
lamella comprises the skin and the orbicularis muscle,
the middle lamella comprises the retractors, and the
posterior lamella comprises the tarsus and the conjunc-
tiva.1 The tarsus is a fibrocartilaginous plate measur-
ing approximately 25 mm in length by 4 to 10 mm in
height.2 It is made of type I and type III collagen fibers,
elastin as well as structural molecule such as aggre-
can, cartilage oligomeric matrix proteins, glycosamino-
glycans, and proteoglycans.2 The tarsus also contains
the Meibomian glands, which help to stabilize the
lacrimal film against evaporation. All these intrinsic
characteristics make the tarsus unique. Reconstruct-
ing the posterior lamella is mainly mandatory for
tumoral defects or lid lengthening.1,3–5 Not surpris-
ingly, the tarsus itself harvested in the ipsilateral or
contralateral eyelid is the gold standard for recon-
structing the posterior lamella. However, the tarsus
is available in small amounts and its harvest may be
associated with eyelid malpositions.6 Other posterior
lamella grafts have been used in the literature, such
as the auricular or conchal cartilage, the hard palate
mucosa, the donor sclera, the autologous or artificial
dermis, and the nasal septal cartilage. Of them, the hard
palate mucosa is often considered as the most suitable
graft,7–10 even if complications of the harvested site
(e.g., buccal pain and hemorrhage) limit its use.1 There-
fore, the ideal posterior lamella graft for replacing the
tarsus is still debated in the literature.7–9,11,12 The ideal
posterior lamella graft should share the tarsus’ charac-
teristics: elasticity, rigidity, regular surface, mucosal
face, and lipidic secretions. To date, biomechanical and
molecular studies comparing the most commonly used
posterior lamellar grafts are lacking. The aim of this
study was to compare the biomechanical and molecu-
lar features of five different posterior lamella grafts to
determine which one is the most suitable to replace the
tarsus.

Materials and Methods

Tissue Harvesting

This studywas conducted at theUniversityHospital
of Nice between June 2019 and June 2020. This study
was in accordance with the principles outlined by the
declaration of Helsinki and its further amendments.
We dissected bilaterally in a full thickness fashion
the tarsus, the preauricular dermis, the conchal carti-

Figure 1. Presentation of the five grafts harvested in our study.
(A) Tarsus. (B) Conchal cartilage. (C) Sclera. (D) Hard palate.
(E) Dermis.

lage, the hard palate mucosa, and the sclera (Fig. 1).
The specimen were then cut into 10-mm-wide pieces.
The grafts were harvested in five fresh frozen cadav-
ers (one man, four women) with a mean age of 78.2
years (range, 55–91 years). All the cadavers supplied
by our laboratory were frozen for 1 to 15 days. The
tarsus was harvested through a lid crease incision and
separated from the underlying conjunctiva. Autolo-
gous dermis graft was harvested in the preauricular
area after removal of the epidermis layer with a 15
blade. Conchal cartilage was harvested through an
anterior approach without its underlying perichon-
drium. The sclera was harvested in a four-petals
eviscerated globe. We harvested the anterior one-half
of the sclera in this study. Hard palate mucosa was
harvested in the paramedian region with its underly-
ing periosteum. Biomechanical analyses were carried
out in fresh samples within 4 hours after the dissec-
tion, whereas histological and optical properties were
assessed few days later after having fixed the tissues in
formaldehyde 4%.

Biomechanical Assessment by Tractometry

Fresh samples were analysed by using a tractome-
ter (Adamel Lhomargi, Roissy-en-Brie, France). Each
sample was attached and secured with two oppos-
ing jaws. A preload was applied to place the tissue
in tension. Then, the tension started with a speed
of 10 mm/min until obtaining the tissular elongation
breakdown. For each graft, we calculated the Young’s
Modulus as well as the tensile strength. Young’s
Modulus calculation was as follows:

σ = E ε, where:
σ is the tensile stress (Pa = N/m2)
E is the Young’s modulus (Pa = N/m2)
ε = (� – �0)/ �0 is the proportional deformation
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Collagen and Elastin Fiber Histopathology
Assessment

Fixed samples were sent to the Pathology Depart-
ment of the University Hospital of Nice.

Serial sections of paraffin-embedded tissue were
cut at 3 μm thickness using a microtome and
mounted on microscope slides before being stained
for hematoxylin eosin Safran and Verhoeff staining
(Benchmark Special Stains automated staining instru-
ment; Ventana Medical Systems, Tucson, AZ). Colla-
gen amountwas evaluated on hematoxylin eosin Safran
slides and elastin fibers with the Verhoeff staining.
Evaluation of the elastin to collagen fiber ratio was
established by a senior pathologist (SL).

Microscopic Collagen Fiber Organization
Assessment

We analyzed the collagenic structure of each
sample by using a multi-photonic microscope on
MICA (Microscopie et Imagerie Côte d’Azur) multi-
site platform, located in the Nice Cote d’Azur Univer-
sity to acquire second harmonic generation (SHG)
images.

We used a LSM780NLO (Zeiss, Jena, Germany)
coupled to a MaiTai HP Deepsee (Spectra Physics,
Milpitas, CA) laser tuned at 880 nm. For detection, we
used a GaAsP detector in reflexion to acquire simul-
taneously a 440-nm SHG signal and a 575- to 610-nm
autofluorescence signal. We used 10×/0.3 objective for
imaging. Collagen I is a well-known harmonophore,
emitting SHG owing to its intrinsic molecular property
and to its asymmetric scaffold of the collagen fibrils.
Contrary to fluorescence, which has a tendency to
bleach or fade, the SHG signal is stable over time, as
long as collagen structure is not disturbed. Then, the
SHG signal is a good signature of the collagen combin-
ing concentration and organization. The stronger the
SHG signal, the greater the quantity or better was the
fibers’ orientation per pixel, which corresponds with
an analysis volume of approximately 600 nm in diame-
ter. For quantification, we developed dedicated scripts
coded in MATLAB (The MathWorks, Natick, MA)
using Bio-Formats libraries from OME13 to import
data. We quantified three-dimensional samples (1.3 ×
1.3× 0.4mm), considering the total SHG intensity over
the sample, the acquisition parameters being precisely
constant. To estimate the score of fiber thickness and
organization, we defined a blind protocol. The program
showed images in random order to the operator. Based
on visual impression, it defined both scores on a 0 (low)
to 5 (high) scale.

Table 1. Subtypes of Collagen Fibers Among the
Different Grafts Analyzed2,7,14

Graft Type of Collagen Fibers

Tarsus I, III, VI
Conchal cartilage I, II
Sclera I, III
Hard palate I, III
Dermis I, III

Assessment of the Best Posterior Lamella
Graft to Replace the Tarsus

To determine which graft was the most appropri-
ate to replace the tarsus, we summarized all the results
in a table attributing 2 points to each biomechani-
cal, histological, and optical properties. One point was
attributed to the graft presenting 25% or less (double
sided) of difference comparedwith the tarsus (0 point if
the difference was >25%) for the continuous variables
(Young’s modulus, tensile strength, SHG signal, and
fiber size) and 1 point for the graft belonging to the
same category as the tarsus for categorical variables
(elastin fibers repartition and subtype of collagen
fibers based on the literature knowledge summarized in
Table 1). For optical properties, we did not figure fiber
orientation because it was already taken into consider-
ation in SHG signal.

Statistical Analyses

Descriptive data were presented as mean (range)
or median. Statistical analysis was performed by using
the two-sided Student t-test with SPSS v25 (SPSS, Inc,
Chicago, IL) software. A P value of less than 0.05 was
considered statistically significant. All the grafts were
compared with the tarsus. Therefore, a P value of less
than 0.05 meant that the graft was statistically different
from the tarsus. The higher the P value, the closer was
the graft to the tarsus.

Results

Biomechanical Features

The biomechanical features of each graft are
provided in Figure 2. The mean Young’s Modulus was
8.92 MPa (range, 2.90–22.90 MPa), 1.05 MPa (range,
0.39–1.76 MPa), 8.72 MPa (range, 2.0–23.50 MPa),
2.57MPa (range, 0.41–4.35MPa), and 1.4MPa (range,
0.71–2.30 MPa) for the tarsus, the conchal cartilage,
the sclera, the hard palate mucosa, and the dermis,
respectively. Statistical analysis found that the sclera
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Figure 2. Biomechanical results. Young’s modulus and tensile
strength are presented for each graft. *Statistical difference
compared with the tarsus (Student t-test).

was closest to the tarsus (P = 0.97), and conchal carti-
lage was furthest away (P = 0.06).

Themean tensile strengthwas 3.0MPa (range, 1.70–
6.88 MPa), 0.54 MPa (range, 0.13–0.79 MPa), 2.87
MPa (range, 1.23–5.40 MPa), 1.4 MPa (range, 0.21–
2.40 MPa), and 1.0 MPa (range, 0.46–1.43 MPa) for
the tarsus, the conchal cartilage, the sclera, the hard
palate mucosa, and the dermis, respectively. Statistical
analysis found that the sclera was closest to the tarsus
(P = 0.91) and conchal cartilage was furthest away
(P = 0.03).

Collagen and Elastin Fiber Analysis

The collagen fibers were predominant in all grafts.
By contrast, wide variations of elastin fiberswere found
(Figs. 3 and 4). Verhoeff staining demonstrated that the
conchal cartilage and the dermis had the most impor-
tant ratio of elastin fibers (25%–50%), followed by the
tarsus and the hard palatemucosa (1%–25%); the sclera
did not exhibit elastin fibers in its composition (<1%).

Biphotonic Microscopic Assessment

SHG results are summarized in Figure 5. The
median SHG intensity was 221 arbitrary units (a.u.)

Figure 4. Proportion of elastin fibers/collagen fibers (%) for each
graft.

Figure 5. Median SHG intensity signal (arbitrary units) for each
graft. *Statistical difference compared with the tarsus (Student
t-test).

(range, 165–362 a.u.), 182 a.u. (range, 35–259 a.u.), 369
a.u. (range, 206–533 a.u.), 108 a.u. (range, 34–208 a.u.),
and 244 a.u. (range, 195–388 a.u.) for the tarsus, the
conchal cartilage, the sclera, the hard palate mucosa,
and the dermis, respectively. Statistical analysis found
that the dermis was closest to the tarsus (P = 0.45) and
hard palate mucosa was furthest away (P = 0.03).

The mean fiber size and orientation are presented
in Figures 6 and 7. The mean fibers’ size calculated
by using a scale ranging from 0 to 5 were 2.07 (range,
1–3), 2.69 (range, 1–4), 2.56 (range, 2–4), 1.60 (range,

Figure 3. Verhoeff staining (original magnification ×50). The collagen fibers are colored in pink and the elastin fibers in purple. From left
to right: tarsus, conchal cartilage, sclera, hard palate mucosa, and dermis.
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Figure 6. Mean size and orientation of collagen fibers assessed by
biphotonic microscopy by using a scale ranging from 0 to 5. *Statis-
tical difference compared with the tarsus (Student t-test).

Figure 7. Examples of collagen fiber size and orientation assessed
by biphotonic microscopy. Collagen fiber SHG signal is depicted
in green. Tissue autofluorescence is depicted in red. (A) Tarsus.
(B) Conchal cartilage. (C) Sclera. (D) Hard palate mucosa. (E) Dermis.

1–3), and 4.2 (range, 4–5) for the tarsus, the conchal
cartilage, the sclera, the hard palate mucosa, and the
dermis, respectively. Statistical analysis found that the
hard palate was closest to the tarsus (P = 0.09) and the
dermis was furthest away (P < 0.001).

The mean fibers orientation graded in a scale
ranging from 0 to 5 were 3.5 (range, 1–5), 3.0 (range,
1–5), 4.7 (range, 3–5), 2.5 (range, 1–5), and 3.3 (range,
2–4) for the tarsus, the conchal cartilage, the sclera,
the hard palate mucosa, and the dermis, respectively.
Statistical analysis found that the dermis was closest
to the tarsus (P = 0.64) and sclera was furthest away
(P = 0.04).

Assessment of the Best Posterior Lamella
Graft to Replace the Tarsus

Regarding the biomechanical properties, the sclera
was the most suitable graft to replace the tarsus
(Table 2). In terms of collagen and elastin fibers repar-
tition, the hard palate mucosa was found to be the
closest to the tarsus. By studying the optical properties,
all the grafts except the sclera shared similarities with
the tarsus. When cumulating the results by attributing
2 points for each characteristic (biomechanical, histo-
logical, and optical), the hard palate mucosa and the
sclera appeared to be the most suitable grafts to replace
the tarsus.

Discussion

Many studies have aimed to investigate the best
posterior lamellar graft to reconstruct an eyelid.15
There is still no consensus regarding the ideal poste-
rior lamella spacer. Most studies are based on clini-
cal findings.15 More fundamental studies based on the
biomechanical, optical, and histological properties of
each graft are currently lacking. In this study, we postu-
lated that the tarsus was the graft of reference and
we aimed to compare four different grafts based on
their intrinsic features. The sclera was found to share
roughly the same biomechanical properties. Optical

Table 2. The Most Suitable Graft to Replace the Tarsus

Young’s
Modulus
(MPa)

Tensile
Strength
(MPa)

Elastin Fibers
(%)

Type of
Collagen
Fibers

SHG
Intensity

Collagen
Fibers Size Total

Conchal cartilage 0 0 0 0 1 0 1
Sclera 1 1 0 1 0 0 3
Hard palate 0 0 1 1 0 1 3
Dermis 0 0 0 1 1 0 2
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properties determined by bi-photonic microscopy
revealed that SHG signal of the dermis and conchal
cartilages were close to the tarsus. Regarding the fibers’
size, the hard palate mucosa was roughly close to those
encountered in the tarsus. There is still no classification
comparing the intrinsic characteristics of each graft.
We arbitrarily allocated 2 points for each graft’s charac-
teristic (biomechanical, optical, and histological); taken
together, our data suggest that the hard palate mucosa
and the sclera are the most suitable grafts to replace the
tarsus.

To our knowledge, this is the first ophthalmological
study comparing the biomechanical, histological, and
microscopic optical characteristics of five commonly
used posterior lamella grafts. Comparing our results
with the literature is challenging because of the differ-
ent measurement methods used. The biomechanical
features of a tissue can be assessed by indentation
or traction methods. Indentation induces microscopic
deformation at the point of contact, whereas traction
involves the whole tissue. In our experience, traction is
more suitable, which is in accordance with the study
performed byMcKee et al.16 Usually, traction is associ-
ated with higher Youngmodulus values compared with
indentation. This finding is explained by the fact that
tractionmeasures involve several proteins such as colla-
gen, actin and even water in the calculation of Young
modulus, which is not the case when performing inden-
tation measurements. For example, we found a Young’s
Modulus of 8.92MPa and 8.72MPa for the tarsus and
the sclera, respectively. Sun et al.17 and Eilaghi et al.18
found aYoung’s modulus of 1.73MPa and 2.9MPa for
the tarsus and the sclera, respectively. These differences
could be explained by the nature of the samples, which
were harvested in frozen cadavers in our study, whereas
they were freshly harvested in living patients in other
studies. Furthermore, in our study, we collected peril-
imbic sclera, which is approximately 0.66 mm thick.
In the study by Eilaghi et al., the authors collected
sclera from the posterior pole, which is thicker and
therefore probably more resistant than the perilimbic

sclera. We found a Young’s modulus of 1.05 MPa for
the conchal cartilage, which is in accordancewith previ-
ous studies conducted by Ernst et al. (1.14 MPa)14 and
Nimeskern et al. (1.87 MPa).19 In our study, the elastin
fiber distribution was almost similar in the hard palate
and the tarsus, which is consistent with the results
provided by Ciano and Beatty.20 We found that elastin
fibers were over-represented in the dermis (Fig. 3). This
finding could be explained by the fact that we harvested
the dermis in the preauricular area where an actinic
elastosis may frequently occur.21 We did not find other
studies comparing the SHG signal of posterior lamella
grafts.

Our results suggest using the hard palate mucosa
or sclera for reconstructing posterior lamella defects.
The clinical advantages and disadvantages of the
different posterior lamellar grafts are provided in
Table 3 and should also be taken into consideration.
In contrast with the United States, donor sclera banks
do not exist in France limiting our experience with
this graft. Several studies found favorable results when
wrapping orbital implants in donor sclera without
significant implant exposure.22,23 The literature regard-
ing the donor sclera for the eyelid reconstruction or
lid lengthening is scarce and no conclusion can be
drawn. Nonetheless, Kamiya and Kitajima.24 showed
in a study of five patients that preserved sclera grafts
were as effective as auricular cartilage grafts in terms
of functional and aesthetic eyelid outcomes.

Our study presents several limitations. First, our
study suffers from a small sample size and a large age
distribution. Age is known to alter the resistance of a
tissue. However, in this study, each patient was their her
own control, thus limiting this bias. Second, all samples
were harvested in a full-thickness fashion and cut into
10-mm-wide pieces. It is likely that manipulation of the
grafts may result in significant intrinsic tissue changes.
In addition, all our samples provided from fresh frozen
cadavers (1–15 days) and not from living patients.
Interestingly, Huang et al.25 showed that cadaveric
tendons frozen-thawed less than three cycles harbored

Table 3. Clinical Advantages and Disadvantages of Each Posterior Lamella Graft

Mucosal
Surface

Available in
Large

Amount
Easy to
Harvest

Low Donor
Site

Morbidity Low Price

Risk of
Disease

Transmission

Tarsus + − + + + −
Concha − − + + + _
Donor sclera − + + + _ +
Hard palate + + − − + _
Dermis − + + + + _
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a similar Youngmodulus compared with fresh samples.
Although tendons have a different microanatomy from
the tarsal plate, both are composed primarily of colla-
gen fibers. Third, we could not use SHG signal to
analyze the elastin fibers. Elastin is known to influ-
ence the properties of cartilage. Nimeskern et al.26
demonstrated that the mechanical properties were
more related to elastin in ear cartilage, whereas they
were more related to the collagen fibers in the articu-
lar cartilage. Fourth, we did not investigate aggrecan,
cartilage oligomeric matrix proteins, and glycosamino-
glycans, which play a role in the stiffness and resistance
of the tissues.2 These molecules could explain why
the Young’s modulus was incredibly weak in the hard
palate mucosa, despite sharing almost the same SHG
signal and collagen fiber orientation than the tarsus.
Finally, our study design did not allow us to investigate
graft shrinkage. Graft shrinkage is probably the most
meaningful clinical feature to consider when recon-
structing a posterior lamella eyelid defect. Only one
clinical study found that the hard palate mucosa had
a lower retraction rate compared with acellular dermis
grafts.27

Conclusions

There is no ideal posterior lamella graft to replace
the tarsus. Although not fully applicable in clinical
practice, our preliminary results suggest that the hard
palate mucosa ant the sclera are the most appropri-
ate posterior lamella grafts. Further clinical studies
focused on graft shrinkage with long follow-up are
needed to confirm our preliminary results.
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