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ABSTRACT

The rheologic, mechanical, and pharmacological characteristics of hyaluronic acid (HA) gels
vary in terms of their specific crosslinking technologies.

[T9TETE To evaluate the various characteristics of selected HA gels available in Iran, using simple, inex-
pensive, and reproducible experimental tests are necessary to better understand their appropriateness
for specific indications.

[VETEEE The HA gels produced by various crosslinking technologies were evaluated by three experi-
ments, including cohesivity, resistance to stretch, and microscopic examination. The gels subjected to
these experiments in this study included Neuramis, Desirial, Belotero, Restylane, and Juvéderm.

[T We found that cohesivity was different among the gels so that Desirial was the least cohesive and
Belotero was the most cohesive gel. Other HA gels were observed as partially cohesive. The resistance
to stretch test confirmed the cohesivity results and Belotero had the most significant resistance. Micro-
scopic examination of the HA gels showed HA particles of varying distribution and size. Belotero and
Desirial were the gels with no particles visible under the microscope.

[@TEIERT Simple and inexpensive laboratory tests help to understand the way that they can affect the
specific gel performance, and may be beneficial for physicians to decide on the best product for a par-
ticular therapeutic indication.
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Extended Abstract

Introduction

yaluronic acid (HA) gels were first in-

troduced in 1996 and since then, bovine

collagen was replaced by HA gels for aes-

thetic procedures in daily practice. HA has
an identical chemical structure in its native form among
various species. In addition, HA has an exceptional physi-
cochemical and viscoelastic characteristics, which makes
it suitable for the development of various HA-based med-
ical products [7]. However, endogenous HA has a short
half-life and therefore, it is necessary to increase its half-
life by the introduction of chemical modifications via a
crosslinking process. This process alters the 3D structure
of the chains of HA and leads to the development of gels
with various characteristics. Two steps are basically used
for HA crosslinking. At first, HA is dissolved and linear-
ized in a medium with an alkaline pH. Then, a crosslinker
is added to the medium with temperature control. The
rheologic, mechanical, and pharmacological characteris-
tics of HA gels vary in terms of their specific crosslink-
ing technologies [6]. Differences in the final amount of
crosslinked HA in the HA gels influence the behavior of
the gels; therefore, the technique and depth of injection
should be selected based on the HA gel. To evaluate the
various characteristics of selected HA gels available in
Iran, using simple, inexpensive, and reproducible experi-
mental tests are necessary to better understand their ap-
propriateness for specific indications.

Methods

In this study, the HA gels produced by various crosslink-
ing technologies were evaluated by three experiments,
including microscopic examination, cohesivity test, and
resistance to stretch test. The gels subjected to these ex-
periments in this study included Neuramis, Desirial, Be-
lotero, Restylane, and Juvéderm. In the microscopic ex-
amination test, each gel was stained with toluidine blue
and then the structure of the stained gel was examined
under the microscope. In the cohesivity test, saline solu-
tion was mixed with Ecoline, and the mix was added to
the HA gel. Then, ethanol was added; photos were cap-
tured before and after this addition to evaluating the co-
hesivity maintenance of the gel. Omnican syringes were
used to examine the gels. In the resistance to stretch test,
Adson’s plier was used to stretch the gel, and the length
was measured.
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Results

Microscopic examination: All gels in this experiment
showed differences in their viscosity during the slide
preparation in the microscopic examination test. This
difference was significant, especially during the spread-
ing on the slide. Microscopic examination of the HA gels
showed HA particles of varying distribution and size. Be-
lotero and Desirial were the gels with no particles visible
under the microscope. The microscopic structure of Neur-
amis was similar to Restylane. Neuramis was a biphasic
gel. Desirial was shown to be a monophasic gel without
any particles under the microscope. Belotero was similar
to Desirial under the microscope. As a monophasic gel,
Belotero was shown to be a network without particles.
Microscopic examination of the HA gels showed HA par-
ticles of varying distribution and size.

Cohesivity test: None of the gels were dispersed upon
contact with the saline solution, and ethanol addition did
not increase their dispersion. We found that cohesivity
was different among the gels so that Desirial was the least
cohesive and Belotero was the most cohesive gel. Other
HA gels were observed as partially cohesive.

Resistance to stretch test: It was impossible to stretch
Neuramis and Desirial gels more than 0.6 cm without
breaking. These gels have lidocaine and antioxidant,
which may influence their viscoelastic properties. Be-
lotero had no lidocaine or antioxidant and was stretched
more than 2.5 cm without breaking. The resistance to
stretch test confirmed the cohesivity results and Belotero
had the most significant resistance.

Discussion

Different crosslinking technologies are used for the
production of HA gels. These technologies influence the
viscoelastic properties of the final product. NASHA is the
technology used for the production of Restylane gel. In
this technology, 1, 4- butanediol diglycidyl ether (BDDE)
is used as the crosslinking agent in the manufacturing
process of NASHA technology. This agent leads to few
crosslinks among the chains of polysaccharides. The final
partially viscose matrix is then dried. Using filters, the fi-
nal suitable particles are obtained for the product’s clinical
indication [10]. The technology used for the production of
Juvéderm gel is called Vycross. In this technique, the final
product contains a high amount of low molecular weight
HA compared to the high molecular weight HA. The low
and high molecular weight molecules are mixed through
a single step called crosslinking process [9]. CPM is the
technology used for the production of the Belotero gel.
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In this technology, two more steps are performed in addi-
tion to the classic crosslinking process, which leads to a
poly-dense monophasic product, in which the crosslinked
HA is maintained within a cohesive matrix [11]. SHAPE
is the technology used for the production of Neuramis
gel. This technology involves two crosslinking steps and
an additional purification step, which removes the non-
crosslinked BDDEs [10]. Simple and inexpensive labora-
tory tests help to understand the way that they can affect
the performance of a specific gel and may be beneficial
for physicians to decide on the best product for a particu-
lar therapeutic indication.
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7. Interpenetrating Network-Like (IPN-Like®)
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5. Cohesive Polydensified Matrix (CPM®)
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