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The use of injectable hyaluronic acid gel as 
a soft-tissue filler for facial rejuvenation has 
become a standard treatment procedure for 

aesthetic clinicians worldwide. According to the 
International Society of Aesthetic Plastic Surgery 

data, the number of nonsurgical aesthetic proce-
dures using hyaluronic acid injectables has surged 
97 percent from 2010 to 2017.1 In parallel, the 
range of products to choose from has also been 
greatly expanded through innovative gel manu-
facturing technologies. Different products can 
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Background: Injectable hyaluronic acid fillers are routinely used for correction 
of soft-tissue volume loss and facial rejuvenation. Product differentiation has 
primarily been based on the rheologic parameter known as elastic modulus 
(G′), although other physicochemical properties are being explored to charac-
terize potential product performance. As clinical data regarding product per-
formance are lacking, the practical experience of injectors provides a valuable 
bridge in the knowledge gap between product rheologic data and product use.
Methods: Rheologic and physicochemical measurements (swelling factor and 
cohesion) were collected for 18 products. To observe the impact of G′ and 
hyaluronic acid concentration on swelling factor and cohesion, proportional 
relationships were evaluated. Contributing authors were queried regarding 
their G′-based selection of products when considering skin quality, degree of 
correction, injection depth, and anatomical location.
Results: Relationships were observable between G′ and swelling factor and 
G′ and cohesion only when limited to products manufactured by the same 
crosslinking technology and the same concentration. No relationship between 
isolated hyaluronic acid concentration and swelling factor or cohesion was ap-
parent. Although rheological parameters and the assumptions of ex vivo data 
translating to in vivo performance are oftentimes not completely aligned, in 
the clinical experience of the authors, in general, higher G′ products are better 
suited for thicker skin and deeper injection planes, whereas lower G′ products 
are better for more superficial planes, although exceptions to these trends are 
also made based on technical experience.
Conclusions: While rheologic and physicochemical characteristics can vary 
widely between products and the methods and measurements of these pa-
rameters are often difficult to correlate, Gʹ represents a useful and consistent 
parameter for product differentiation. Understanding how to select products 
based on G′ is valuable knowledge for customizing injection plans and contrib-
utes to an optimal aesthetic outcome.  (Plast. Reconstr. Surg. 143: 707e, 2019.)
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share the same indication yet consist of very dif-
ferent rheologic and physicochemical profiles.2–4 
These profiles distinguish products in function-
ally important ways and have become an effective 
way for clinicians to select which products are the 
most suitable for a given clinical need.

Factors That Impact a Product's Rheologic and 
Physicochemical Properties

The rheologic and physicochemical proper-
ties of hyaluronic acid gels are determined by 
multiple factors, including the crosslinking reac-
tions used, the hyaluronic acid substrate’s molecu-
lar weight, the hyaluronic acid concentration, and 
the process used to fragment the bulk gel into an 
injectable form.5–8 Crosslinking is the basis for 
the mechanical strength of the gel and improves 
product longevity.9,10 Crosslinking can be accom-
plished through the introduction of chemical 
linkages between the hyaluronic acid chains or by 
stabilizing the naturally occurring entanglements 
that the hyaluronic acid chains form on their 
own.11

The crosslinking process results in a block-like 
form of hydrogel that must then be fragmented 
into smaller pieces, depending on the final prod-
uct’s intended use. For instance, a gel processed 
into smaller fragments may be more suitable for 
implantation into superficial planes, whereas 
those with larger fragments are more suitable for 
deeper planes.9 Manufacturing processes can use 
different hyaluronic acid substrates, hyaluronic 
acid concentrations, and types of crosslinking 
reactions in a variety of combinations, establishing 
a unique basis for each product. The crosslinking 
technologies associated with the products studied 
here include Cohesive Polydensified Matrix, Hyla-
cross, Vycross, XpresHAn Technology, nonanimal 

stabilized hyaluronic acid, and Resilient Hyal-
uronic Acid.2

Functional Relevance of a Product's Rheologic 
and Physicochemical Properties

The form and extent of crosslinking together 
with the hyaluronic acid concentration (in mil-
ligrams per milliliter) largely determine the in 
vitro rheologic and physicochemical profile of the 
gel. The elastic modulus (G′), the viscous modu-
lus (G″), the tan δ (G″/G′), and the complex 
modulus (G*) are the primary rheologic param-
eters used to characterize products (Fig.  1 and 
Table  1).3,4,9,12–16 All hyaluronic acid filler prod-
ucts possess a combination of viscoelastic proper-
ties, although most have a much higher G′ value 
relative to G″ value. The G′ captures the sum of 
numerous factors that affect gel strength (e.g., 
total hyaluronic acid concentration and degree 
of chemical crosslinking/chain entanglements); 
therefore, the G′ has become a relevant param-
eter used to differentiate products.

Also affected by the gel’s starting components 
and manufacturing process are its physicochemi-
cal properties, such as gel swelling factor and 
gel cohesion. Swelling factor, also referred to as 
gel fluid uptake, describes the ability of the gel 
to expand as it binds water while still maintain 
a single phase in vitro, commonly referred to as 
swelling factor (Table  1).3,8 The swelling factor 
measurement is indicative of a gel’s hydration 
(saturation) status. When near saturation (close 
to equilibrium), a gel will not exhibit appreciable 
swelling after injection. Below equilibrium (unsat-
urated), a gel will readily take up water from the 
surrounding fluid until it reaches hydration equi-
librium.8,9 Gel fluid uptake characteristics vary 
from product to product and are dependent on 

Fig. 1. Schematic depicting rebound effect of elastic, viscous, and viscoelastic materials following deformation.
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hyaluronic acid concentration and limited by the 
physical constraints imposed by crosslinking. In 
general, as the extent of crosslinking is increased, 
G′ is increased and swelling factor is decreased.8

Although swelling factor has been misinter-
preted as “tissue swelling” because of shared ter-
minology, there are no clinical data linking the 
two. Furthermore, the factors that contribute to 
tissue swelling include injection technique, the 
rate of injection, injection plane, health/quality 
of the tissue, and the individual’s propensity for 
swelling.

Cohesion is a more recently explored property 
of hyaluronic acid gels and can be described as the 
force between particles that holds them together 
(Table  1).14 The strength of particle cohesion is 
a function of hyaluronic acid concentration and 
the crosslinking technology used, which forms 
the structural network of the gel. So far, gel cohe-
sion has not earned scientific recognition as an 
appropriate property for product comparison due 
to the lack of standardized measurement tech-
nique, therefore, scientific opinions regarding its 
relevance are conflicting.4,14–17 Nevertheless, it has 
been suggested that products with high-cohesive 
properties are associated with a greater extent of 

integration (intradermally) and lift capacity.15,17 At 
present, the authors believe it is still important to 
report experimental data regarding this property, 
as the publication of data should help to elucidate 
appropriate measurement techniques and may 
help distinguish whether this property contrib-
utes to clinical performance.

Practical Reasons for Understanding a Product’s 
Rheologic and Physicochemical Properties

The medical community’s clearer under-
standing of the facial aging process has fostered 
more comprehensive approaches to the use of 
fillers for facial rejuvenation, and the range of 
product utility is continuously expanding with 
new-found uses. Currently, primary product indi-
cations include gel implantation into the super-
ficial to mid dermis for fine to medium perioral 
rhytides, submucosal for lip volumization, the mid 
to deep dermis for moderate to severe wrinkles 
and folds (nasolabial folds), and the subcutane-
ous or supraperiosteal depth for cheek augmenta-
tion and volume restoration of midface contour 
deficiencies.16,19–25 Recent advancements include 
correction of the temple and infraorbital hollows; 
correction of infraorbital grooves; nose reshaping; 

Table 1.  Rheologic and Physicochemical Properties Relevant to Hyaluronic Acid Gels

Variable Description

Elastic modulus (G′) Characterizes the ability to rebound to its original shape when acted on by dynamic forces 
(storage modulus)9,13,14

  •  Quantified in pascals 
  •  Examples: high elasticity, rubber band; low elasticity, syrup
  •  Higher G′ usually correlates with a firmer gel

Viscous modulus (G″) Characterizes the resistance to dynamic forces (loss modulus)9,13,14

  •  Quantified in pascals
  •  Examples: high viscosity, peanut butter; medium viscosity, honey; very low viscosity, water
  •  Higher G′′ gels are thicker, requiring greater force for extrusion through a needle
  •  Lower G″ gels require less force for extrusion through a needle

Tan delta (tan δ) Characterizes the relative proportions of elastic to viscous moduli (G″/G′)14

  •  Predominantly elastic gels (e.g., gelatin), have low tan δ (close to 0)
  •  Predominantly viscous gels (e.g., honey), have high tan δ (close to 1)

Complex modulus (G*) Characterizes the overall ability to resist deformation9,13,14

  •  For most HA gels, G′ is much larger than G″ G G G* "’= ( ) +( )2 2

  •  For most HA gels, G* is approximately equal to G′
Gel cohesion Characterizes the capacity to remain intact and not dissociate4,15,16

  •  Attributable to the attraction and affinity between individual molecules
  •  Low-cohesive gels dissociate more readily than high-cohesive gels

Gel fluid uptake (SwF) Characterizes the ability to take up fluid while still in a single phase, referred to as “swelling 
factor” ratio3,8,9

  •  In vitro measurement only
  •  Fully hydrated gel, at equilibrium, will not readily take up more fluid
  •  Increasing SwF values indicate a gel is further away from equilibrium

HA concentration (mg/ml)� Total HA in 1 ml of finished product, including both nonextractable (insoluble) and 
extractable (soluble) HA3,9,12

  •  Nonextractable HA is the bulk of what contributes to a gel’s clinical effect
  •  Extractable HA is a remnant of the crosslinking process: HA chains, partially crosslinked 

chains, and fragments that degrade rapidly in vivo
HA, hyaluronic acid; SwF, swelling factor. 
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and rejuvenation of nonfacial areas including the 
earlobe, foot pad, dorsum of the hand, décolle-
tage, and many other areas of the body.26–30

No individual product is appropriate for every 
indication; therefore, developing a familiarity 
with how different rheologic and physicochemical 
properties potentially influence an aesthetic out-
come is valuable insight. Such knowledge helps 
the injector tailor a treatment plan concerning 
the appropriate anatomical placement of specific 
products and appropriate depth of implantation, 
and may influence the choice of injection tech-
niques used. So far, there are extensive in vitro 
data published on the comparative rheologic 
and physicochemical profiles of various prod-
ucts; however, there is only limited information 
on how these properties correspond to clinical 
performance in vivo.9,31–36 As clinical data are still 
lacking, author discussions that share the clinical 
experiences of experts in the field are necessary to 
bridge the knowledge gap between product prop-
erties and understanding a product’s potential 
range of uses in vivo.31,32,37,38

This overview presents the rheologic and phys-
icochemical (swelling factor and cohesion) data 
collected for 18 different hyaluronic acid filler 
products available in the United States, Canada, 
and Europe. The Discussion section evaluates rela-
tionships between these properties and includes 
the clinical experience of contributing authors to 
help tie product characteristics with product use.

MATERIALS AND METHODS
A list of 18 hyaluronic acid filler products and 

their product indications are shown in Tables  2 
through 6. Belotero Balance is produced by 
Anteis, S.A. for Merz Pharma (Geneva, Switzer-
land); all Juvéderm products are produced by 
Allergan (Pringy, France); all Restylane products 
are produced by Q-Med AB/Galderma (Uppsala, 

Sweden); all Teosyal products are produced by 
Teoxane (Geneva, Switzerland).

Rheologic Measurements
Rheologic measurements were deter-

mined using an Anton Paar MCR 301 rheom-
eter (Anton Paar, Graz, Austria) equipped 
with a parallel plate geometry (plate diameter, 
25 mm; gap, 1.0 mm) at 25°C.8 The frequency 
sweep was 10 to 0.1 Hz at 0.1 percent strain. A 
30-minute period was used for relaxation of the 
sample between loading and measuring. The G′ 
and the G″ at 0.1 Hz were extracted from two 
measurements of each sample. It is important 
to note that G* and tan δ are the only param-
eters that result from the measurement, and all 
other rheologic parameters are subsequently 
derived from calculations involving G*, tan δ, 
and the frequency at which the measurement 
was made.

Physicochemical Property Measurement
Swelling Factor (Gel Fluid Uptake)
Using previously published methods, swelling 

factor was determined by dispersing 0.5 g of gel in 
saline by thorough mixing with 6 to 8 ml of saline, 
which was then brought up to 10 ml.3,8 The dis-
persion was performed by shaking the measuring 
glass until complete gel dispersion was achieved. 
The solution was permitted to swell to equilib-
rium for 3 to 5 hours, and mixed a second time. 
The volume of the swollen gel was measured after 
16 hours of sedimentation. The value for swelling 
factor at equilibrium was then determined as final 
ml/g and calculated by V/V0, where V0 is the ini-
tial volume of the gel and V is the volume of the 
fully swollen gel.

Cohesion
Cohesion was determined using a previously 

published method that was determined as the 
method most closely aligned with the definition 

Table 2.  Cohesive Polydensified Matrix Product Name, Corresponding Indications, and Author-Recommended 
Injection Depths

Crosslinking  
Technology

Product  
Code

Product  
Name

Degree of Correction and 
Injection Depth* 

Anatomical Location and Author-Recom-
mended† Injection Depth

CPM CPMBB Belotero  
Balance

• � Moderate to severe  
(e.g., nasolabial folds)

• � Mid to deep dermis

• � Lateral canthal lines: superficial to mid 
dermis

• � Tear troughs: supraperiosteal
• � Nasolabial folds: superficial to deep dermis
• � Perioral area: superficial to deep dermis

CPM, Cohesive Polydensified Matrix.
*Based on U.S. product instructions for use.
†Based on authors’ experiences and preferences; individual choices may vary. Some authors’ recommendations may include off-label use of 
products. Belotero Balance is produced by Anteis, S.A. for Merz Pharma (Geneva, Switzerland).
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of cohesion declared by the International Union 
of Pure and Applied Chemistry.14,39 Gel samples 
were first prepared by gentle elimination of air 
bubbles by centrifugation in 1-ml glass syringes. 
Using a Luer-stub adapter, an 18-gauge cannula 
was mounted on each syringe, and a Zwick BTC-
FR 2.5 materials tester (ZwickRoell GmbH & Co., 
Ulm, Germany) was used to extrude the gel at 
a constant speed of 7.5 mm/minute, yielding a 
volume flow of 0.24 ml/minute. Once a constant 
force was achieved, a minimum of 10 drops were 
collected, and the average drop weight (in mil-
ligrams) was then calculated.

RESULTS

Rheologic Properties
The rheologic and physicochemical property 

measurements for all 18 products evaluated are 
listed in Table 7. Among the 18 products evaluated 
here, the product measured with the lowest G′ was 
XPRESRF (10 Pa), whereas the one with the highest 
was NASHLYF (545 Pa), and the mid-range product 
was VYCVOLL (273 Pa). Similarly, the overall resistance 
to deformation (complex modulus, G*) was lowest 
for XPRESRF (11 Pa), highest for NASHR (553 Pa), 
and in the mid-range for VYCVOLL (275 Pa).

Table 3.  Hylacross and Vycross Product Names, Corresponding Indications, and Author-Recommended 
Injection Depths

Crosslinking 
Technology

Product 
Code Product Name

Degree of Correction  
and Injection Depth*

Anatomical Location and Author-Recommended† 
Injection Depth

Hylacross HYLJU Juvéderm  
Ultra XC

• � Fine to medium (e.g., lips/ 
perioral area)

• � Superficial to mid dermis

• � Nasolabial folds: mid dermis to subcutaneous
• � Oral commissures: superficial and deep dermis 

to subcutaneous
   • � Moderate to severe (e.g.,  

nasolabial folds)
• � Mid to deep dermis

• � Perioral area: superficial and deep dermis to 
superficial subcutaneous

• � Lips: submucosal to intramuscular
    • � Marionette lines: superficial or deep dermis to 

superficial subcutaneous
• � Prejowl sulcus: mid dermis to superficial subcu-

taneous to supraperiosteal
• � Sulcus mentalis: deep dermis to subcutaneous

    

 HYLJUP Juvéderm Ultra 
Plus XC

• � Moderate to severe (e.g.,  
nasolabial folds)

• � Mid to deep dermis

• � Nasolabial folds: deep dermis to subcutaneous
• � Oral commissures and marionette lines: deep 

dermis to subcutaneous
    • � Lips: submucosal to intramuscular

• � Prejowl sulcus: deep dermis to subcutaneous to 
supraperiosteal

• � Sulcus mentalis: deep dermis to subcutaneous

Vycross VYCVOLB Juvéderm  
Volbella

• � Fine to medium (e.g., perioral 
rhytides and lip augmentation)

• � Superficial to mid dermis and lip 
mucosa

• � Lateral canthal lines: superficial to mid dermis
• � Tear troughs: supraperiosteal
• � Perioral area: superficial to deep dermis
• � Lips: intradermal and submucosal to 

intramuscular    

 VYCVOLL Juvéderm  
Vollure

• � Moderate to severe (e.g.,  
nasolabial folds)

• � Mid to deep dermis

• � Nasolabial folds: intradermal to superficial 
subcutaneous

• � Oral commissures, marionette lines, and 
perioral area: superficial to deep dermis to 
subcutaneous

    • � Lips: submucosal to intramuscular
• � Prejowl sulcus: intradermal to subcutaneous to 

supraperiosteal
• � Sulcus mentalis: deep dermis to subcutaneous

 VYCVOLU Juvéderm 
Voluma XC

• � Midface volume loss and cheek 
augmentation

• � Deep dermis to subcutaneous, 
and supraperiosteal

• � Temple and lateral brow: subcutaneous to 
supraperiosteal

• � Medial brow: subcutaneous
• � Cheek: subcutaneous to supraperiosteal

    • � Submalar, nasolabial folds, and marionette 
lines: subcutaneous

• � Prejowl sulcus and jaw angle/jawline: subcuta-
neous to supraperiosteal

• � Sulcus mentalis: subcutaneous
*Based on U.S. product instructions for use.
†Based on authors’ experiences and preferences; individual choices may vary. Some author recommendations may include off-label use of 
products. All Juvéderm products are produced by Allergan (Pringy, France).
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Swelling Factor (Gel Fluid Uptake)
The swelling factor data show that products with 

the lowest capacity to take up additional fluid were 
the nonanimal stabilized hyaluronic acid (2.7 to 
2.8 ml/g) and Vycross (3.8 to 4.8 ml/g) products 
(Table 7). Those with the greatest fluid uptake capac-
ity were the Cohesive Polydensified Matrix (16.9 
ml/g) and XpresHAn product XPRESRF (17.2 ml/g).

Gel Cohesion
Gel cohesion data show that the products 

with the lowest cohesive properties (lowest drop 

weights) were the nonanimal stabilized hyaluronic 
acid products (14 to 18 mg), RHAT1 (15 mg), and 
the Vycross (15 to 18 mg) products. Those with 
the highest cohesive properties were CPMBB (48 
mg) and XPRESRF (46 mg) (Table 7).

DISCUSSION

Rheologic Properties
The rheologic data summarized in Table  7 

demonstrate how the viscoelastic properties can 
vary substantially between products and between 

Table 4.  XpresHAn Product Names, Corresponding Indications, and Author-Recommended Injection Depths

Crosslinking 
Technology

Product 
Code Product Name

Degree of Correction and 
Injection Depth* 

Anatomical Location and Author- 
Recommended† Injection Depth

XpresHAn XPRESRF Restylane 
Fynesse§

• � Fine to medium (e.g., 
periorbital and perioral 
rhytides)

• � Superficial to mid dermis 
and lip mucosa

The authors have limited experience with 
Restylane Fynesse

 XPRESRK Restylane 
Kysse§

• � Fine to medium (e.g., lips 
and perioral rhytides)

• � Superficial to mid dermis 
and lip submucosa

• � Nasolabial folds and marionette lines: sub-
cutaneous

• � Oral commissures and perioral area: deep 
dermis to subcutaneous

• � Lips: submucosal to intramuscular
• � Prejowl sulcus: subcutaneous to  

supraperiosteal

    

    • � Sulcus mentalis: deep dermis to subcutane-
ous

 XPRESRV Restylane 
Volyme§

• � Moderate to severe (e.g., 
nasolabial folds), midface 
volume loss, cheek, and 
chin augmentation

• � Deep dermis to subcutane-
ous and supraperiosteal

• � Temple and lateral brow: subcutaneous to 
supraperiosteal

• � Medial brow: subcutaneous
• � Cheek: subcutaneous to supraperiosteal
• � Submalar, nasolabial folds, and marionette 

lines: subcutaneous
• � Prejowl sulcus and jaw angle/jawline: subcu-

taneous to supraperiosteal
• � Sulcus mentalis: subcutaneous

    
    

 XPRESRR Restylane 
Refyne

• � Moderate to severe (e.g., 
nasolabial folds)

• � Mid to deep dermis

• � Lateral canthal lines: mid to deep dermis
• � Tear trough: supraperiosteal
• � Nasolabial folds and oral commissures: deep 

dermis to subcutaneous
• � Perioral area: mid dermis to subcutaneous

    

    • � Lips: submucosal
• � Marionette lines: mid to deep dermis and 

subcutaneous

 XPRESRD Restylane 
Defyne

• � Moderate to severe (e.g., 
nasolabial folds), deep

• � Mid to deep dermis

• � Temple and lateral brow: subcutaneous to 
supraperiosteal

• � Medial brow: subcutaneous
    • � Cheek: subcutaneous to supraperiosteal

• � Submalar: subcutaneous
    • � Nasolabial folds, oral commissures, and 

marionette lines: deep dermis to  
subcutaneous

• � Prejowl sulcus: subcutaneous to  
supraperiosteal

    • � Sulcus mentalis: deep dermis to 
subcutaneous

• � Jaw angle/jawline: subcutaneous to 
supraperiosteal

*Based on U.S. product instructions for use.
†Based on authors’ experiences and preferences; individual choices may vary. Some author recommendations may include off-label use of 
products. 
§Not approved in the United States. All Restylane products are produced by Q-Med AB/Galderma (Uppsala, Sweden).
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Table 5.  Nonanimal Stabilized Hyaluronic Acid Product Names, Corresponding Indications, and Author-
Recommended Injection Depths

Crosslinking 
Technology Product Code Product Name

Degree of Correction  
and Injection Depth*

Anatomical Location and Author- 
Recommended† Injection Depth

NASHA NASHSLK Restylane  
Silk

• � Fine to medium (e.g., lips and 
perioral rhytides)

• � Superficial to mid dermis and lip 
submucosa

• � Lateral canthal lines: superficial to deep 
dermis

• � Tear trough: supraperiosteal
• � Nasolabial folds and perioral area: superfi-

cial to deep dermis to subcutaneous
• � Lips: intradermal and submucosal to 

intramuscular

    

 NASHR Restylane • � Moderate to severe (e.g., nasola-
bial folds) and lip augmentation

• � Mid to deep dermis and lip 
submucosa

• � Nasolabial folds: subcutaneous
• � Oral commissures, marionette lines, 

and perioral area: deep dermis to 
subcutaneous

    • � Lips: submucosal to intramuscular
• � Prejowl sulcus: subcutaneous to 

supraperiosteal
• � Sulcus mentalis: deep dermis to 

subcutaneous

 NASHLyf Restylane  
Lyft

• � Moderate to severe (e.g., nasola-
bial folds), midface volume loss 
and cheek augmentation, and 
volume deficit in dorsal hand

• � Deep dermis to subcutaneous 
and supraperiosteal

• � Temple and lateral brow: subcutaneous to 
supraperiosteal

• � Medial brow: subcutaneous
• � Cheek: subcutaneous to supraperiosteal
• � Submalar, nasolabial folds, oral commis-

sures, and marionette lines: subcutaneous
    • � Prejowl sulcus, jaw angle/jawline: subcuta-

neous to supraperiosteal
• � Sulcus mentalis: subcutaneous

    • � Hand: subcutaneous
NASHA, nonanimal stabilized hyaluronic acid.
*Based on U.S. product instructions for use.
†Based on authors’ experiences and preferences, individual choices may vary. Some author recommendations may include off-label use of 
products. All Restylane products are produced by Q-Med AB/Galderma (Uppsala, Sweden).

Table 6.  Resilient Hyaluronic Acid Product Names, Corresponding Indications, and Author-Recommended 
Injection Depths

Crosslinking  
Technology

Product  
Code Product Name

Degree of Correction  
and Injection Depth*

Anatomical Location and 
Author-Recommended† 

Injection Depth

RHA RHAT1 Teosyal RHA 1‡ • � Fine to medium (e.g., lips, face, neck, décolle-
tage, and hands)

• � Superficial to mid dermis

The authors have limited 
experience with RHAT1

 RHAT2 Teosyal RHA 2 • � Fine to medium (e.g., lips and perioral rhyt-
ides); and mild to moderate (e.g., nasolabial 
folds and glabellar wrinkles)

• � Superficial to mid dermis

The authors have limited 
experience with RHAT2

 RHAT3 Teosyal RHA 3 • � Moderate to severe (e.g., nasolabial folds and 
perioral rhytides)

• � Mid to deep dermis

The authors have limited 
experience with RHAT3

 RHAT4 Teosyal RHA 4 • � Moderate to severe (e.g., nasolabial folds), mid-
face volume loss, and cheek augmentation

• � Deep dermis to subcutaneous and supraperi-
osteal

The authors have limited 
experience with RHAT4

RHA, Resilient Hyaluronic Acid.
*Based on U.S. product instructions for use.
†Based on authors’ experiences and preferences; individual choices may vary. Some author recommendations may include off-label use of 
products.
‡Product not approved in the United States. All Teosyal products are produced by Teoxane (Geneva, Switzerland).
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manufacturing technologies. The rheologic param-
eter G′ is frequently used to differentiate products, 
as it reflects a product’s most relevant property when 
considering use in vivo. In general, higher G′ prod-
ucts are firmer, with a more elastic response to com-
pression, whereas lower G′ products are softer and 
less elastic.8,13 Although not absolute, product indica-
tions that describe plane of injection generally fol-
low a trend where the plane of injection corresponds 
with a G′ for which it may be best suited. For example, 
among the products listed here, VYCVOLU, XPRESRV, 
NASHR, NASHLYF, and RHAT4 are all products with 
indications that include subcutaneous and supra-
periosteal injection planes (Tables 3 through 6) that 
have correspondingly high G′ values (Table 7).

So far, our understanding of the manufacturing 
elements that affect G′ is more advanced than for 
those that affect swelling factor or cohesion. There-
fore, it may be useful to look for potential relation-
ships between these different properties to help 
further their understanding. Because it is possible 
that one or more of those factors may also affect 
these physicochemical properties, observable rela-
tionships between rheologic and physicochemical 
properties are of interest to evaluate in an effort to 
understand them better.

Swelling Factor (Gel Fluid Uptake)
Measurement of swelling factor (Table 7) 

showed that the products with the lowest fluid 
uptake capacity were the nonanimal stabilized hyal-
uronic acid and Vycross products (2.7 to 2.8 ml/g 
and 3.8 to 4.1 ml/g, respectively). This observation 

was expected because their higher G′ properties 
(159 to 307 Pa and 344 to 545 Pa, respectively) are 
potentially reflective of a tighter (stronger) gel net-
work and should demonstrate an inverse relation-
ship with the gel’s expansion ability.8 Conversely, 
the highest swelling factor was demonstrated by 
CPMBB and XPRESRF (16.9 and 17.2 ml/g, respec-
tively), which are also the two products with the 
lowest G′ (41 and 10 Pa, respectively).

The strongest evidence of this kind of trend was 
observed with the XpresHAn products (Fig. 2). The 
observed trend seen with lower G′ products having 
higher swelling factor and higher G′ products hav-
ing lower swelling factor is also not surprising, as the 
ability of a gel to take up fluid will be limited by the 
extent to which the gel is crosslinked. In general, 
softer gels have a lower degree of crosslinking, and 
firmer gels have more crosslinking. However, the 
relationship between G′ and swelling factor appeared 
to be most applicable only when evaluating products 
of the same hyaluronic acid concentration and man-
ufactured using the same process (e.g., Hylacross, 
Vycross, nonanimal stabilized hyaluronic acid).

Because hyaluronic acid concentration (in 
milligrams per milliliter) can also influence fluid 
uptake, a possible trend between swelling factor 
and hyaluronic acid concentration was also exam-
ined. Most of the products evaluated, except for 
those made with Vycross technology, had similar 
hyaluronic acid concentrations (20 to 24 mg/ml), 
and a relationship between isolated hyaluronic 
acid concentration and swelling factor was not 
demonstrated (Fig. 3).

Table 7.  Rheologic and Physicochemical Property Data of 18 Hyaluronic Acid Filler Products

Product HA (mg/ml) G′ (Pa) G″ (Pa) Tan δ G* (Pa) SwF (ml/g) DW (mg)

CPMBB 22.5 41 19 0.47 45 16.9 48

HYLJU 24 76 18 0.23 78 9.5 29
HYLJUP 24 148 24 0.16 150 8.3 27
VYCVOLB 15 159 21 0.13 161 3.8 15
VYCVOLL 17.5 273 32 0.12 275 4.1 16
VYCVOLU 20 307 29 0.09 308 4.8 18

XPRESRF 20 10 5 0.52 11 17.2 46
XPRESRK 20 156 12 0.07 156 7.2 25
XPRESRV 20 150 11 0.08 150 7.3 24
XPRESRR 20 47 7 0.16 48 9.7 28
XPRESRD 20 260 16 0.06 260 6.4 22

NASHSLK 20 344 79 0.23 353 2.7 18
NASHR 20 544 99 0.18 553 2.8 15
NASHLYF 20 545 69 0.13 549 2.8 14
RHAT1 15 48 21 0.44 52 5.6 15
RHAT2 23 144 36 0.25 148 8.0 26
RHAT3 23 184 29 0.16 186 8.2 26
RHAT4 23 296 37 0.12 298 7.0 26
HA, hyaluronic acid; G′, elastic modulus; Pa, pascal; G″, viscous modulus; G*, complex modulus; SwF, swelling factor; DW, drop weight.
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Fig. 2. The relationship between G′ and swelling factor (SwF) appeared most consistent only when evaluating products of the 
same hyaluronic acid concentration and manufacturing process, which showed that a higher swelling factor was associated with 
lower G′ and a lower swelling factor was associated with higher G′. Rheologic measurements were performed in a sequence that 
included a relaxation time of 30 minutes, a frequency sweep from 10 to 0.1 Hz at 0.1 percent strain, followed by an amplitude 
sweep from 0.1 to 10,000 percent (0.001 to 100) strain at 1 Hz. The gap was 1 mm using a PP25 measuring system at 25°C. Swelling 
factor was determined by dispersing 0.5 g of gel in saline by thorough mixing with 10 ml of 0.9% sodium chloride. The sample was 
shaken until dispersed and swollen to equilibrium. Swelling factor was calculated as the swollen volume (in milliliters) divided by 
tested weight of product (in grams).

Fig. 3. The relationship between isolated product hyaluronic acid (HA) concentration and swelling factor (SwF) was not demon-
strated. Hyaluronic acid concentration was calculated from a standard curve with the absorbance of known amounts of glucuronic 
acid. Product was degraded to monosaccharides with acid and the concentration of one of the disaccharide units, glucuronic acid, 
was measured using spectrophotometry. Swelling factor was determined by dispersing 0.5 g of gel in saline by thorough mixing 
with 10 ml of 0.9% sodium chloride. The sample was shaken until dispersed and swollen to equilibrium. Swelling factor was calcu-
lated as the swollen volume (in milliliters) divided by tested weight of product (in grams).
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Gel Cohesion
If considered together, the G′ and cohesion 

data shown in Table 7 suggest that  as G′ decreases 
the gel may exhibit more cohesive properties 
(higher drop weight) (Fig.  4). This relationship 
appeared to exist only among products produced 
by the same technology but was not consistent 
across manufacturing technologies. Interestingly, 
an inverse relationship between cohesion and rhe-
ology was found in an earlier study in which the 
products manufactured by XpresHAn and nonani-
mal stabilized hyaluronic acid technologies were 
evaluated and can still be observed here.14 When 
evaluating possible relationship trends between 
concentration and cohesion, no trends were dis-
tinguishable (Fig.  5). Because rheologic proper-
ties are somewhat concentration dependent, the 
weaker relationship seen with lower concentration 
products such as VYCVOLB and RHAT1 (Table  7) 
was not surprising. However, when looking only at 
products with the same concentration (i.e., Xpre-
sHAn and nonanimal stabilized hyaluronic acid), 
the relationship between cohesion and G′ appears 
stronger. In the future, if the cumulative scientific 
evidence supports an inverse relationship between 
G′ and cohesion, this property may be more pre-
dictable, negating a need to further clarify it.

While the importance of this property is still 
evolving, it has been reported that hyaluronic 
acid filler products with high cohesive proper-
ties demonstrate a greater extent of integration 
intradermally.15,17 One suggested rationale for 
this observation may be that products with high 
cohesion, which are also low G′ (softer gels), may 
facilitate an ability to deform and squeeze more 
easily into smaller compartments in the tissue 
in comparison with a firmer product.14 For now, 
the absence of a standard evaluation method for 
cohesion limits the scientific community’s ability 
to advance our understanding of this property.

In Vivo Factors Relevant to Product Selection
In vivo, a combination of two types of forces acts 

on implanted hyaluronic acid filler products: (1) 
lateral shear or torsion forces and (2) stretch/com-
pression forces (Fig. 6).40 The degree to which these 
forces act on the product depends on several factors 
such as the plane of injection (i.e., superficial versus 
deep) and the anatomical location (i.e., tear trough, 
malar cheek, perioral region). Although product 
indications and instructions for use are important 
for characterizing a product’s commercial iden-
tity, the skills necessary to create an aesthetic effect 
mean that much of the product’s actual use is in 

the hands of the injector. Summarized in Tables 2 
through 6 are the author-recommended injection 
planes for a variety of anatomical locations.

Selecting G′ Based on Skin Quality
Additional factors to keep in mind regarding 

clinical outcomes also include skin quality (e.g., lax-
ity) and degree of correction needed. These vari-
ables will potentially differ significantly between 
patients, and their specific nature will determine 
not only what degrees of gel strength and firmness 
are appropriate but also whether a targeted or dis-
tributed placement of gel is most effective. The 
contributing authors agree that for patients with 
thinner skin, where product palpability/visibility is 
an important consideration, products with lower 
G′ values are generally most appropriate. Lower 
G′ products are softer and more easily distributed 
in the tissue. Although not among the lowest G′ 
products, VYCVOLL, XPRESRD, and NASHSLK would 
still be considered appropriate for thinner skin 
and would still be able to achieve lift and projec-
tion with a natural appearance because the prod-
ucts are soft enough to distribute well in the tissue.

Selecting G′ Based on Degree of Correction and 
Plane of Injection

In general, products with higher G′ values are 
firmer, are indicated for deeper planes of injec-
tion, and support a greater degree of correction, 
whereas lower G′ (softer) products are indicated 
for more superficial planes of injection and less 
severe corrections. The higher G′ products are 
also best for corrective needs where deep, tar-
geted product deposition and less distribution 
are necessary to achieve lift and projection. For 
areas such as the malar cheek, chin, and jawline, 
where the product can be placed against the bone 
for projection, a higher G′ product will provide a 
greater advantage over a lower G′ product because 
it will have greater resistance to the compressive 
forces inherent in the deeper injection plane. 
Although lower G′ products are generally indi-
cated for more superficial planes of injection (or 
areas with less corrective need), they can still be 
used in deeper planes to achieve a clinical effect, 
but larger volumes will be required than with a 
higher G′ product. Alternatively, lower G′ prod-
ucts may be layered on top of higher G′ products.

Selecting G′ Based on Specific Anatomical 
Location

For optimal corrective results of mild tear 
troughs in patients with thinner or transparent 
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Fig. 4. In general, as G′ decreases, the product may exhibit more cohesive properties (higher drop weight). Rheologic measure-
ments were performed in a sequence that included a relaxation time of 30 minutes, a frequency sweep from 10 to 0.1 Hz at 0.1 
percent strain, followed by an amplitude sweep from 0.1 to 10,000 percent (0.001 to 100) strain at 1 Hz. The gap was 1 mm using 
a PP25 measuring system at 25°C. Cohesion was measured as drop weight of the samples. Gel was extruded at a constant speed 
(7.5 mm/minute) from an 18-gauge cannula. Once a constant force was achieved, at least 10 fragments (drops) were collected, and 
average drop weight (in milligrams) was calculated.

Fig. 5. The relationship between isolated product hyaluronic acid concentration and cohesion (drop weight method) was not 
demonstrated. Hyaluronic acid concentration was calculated from a standard curve with the absorbance of known amounts of 
glucuronic acid. Product was degraded to monosaccharides with acid and the concentration of one of the disaccharide units, 
glucuronic acid, is measured using spectrophotometry. Cohesion was measured as drop weight of the samples. Gel was extruded 
at a constant speed (7.5 mm/minute) from an 18-gauge cannula. Once a constant force was achieved, at least 10 fragments (drops) 
were collected, and average drop weight (in milligrams) was calculated.
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skin, the authors use a lower G′ product (e.g., 
VYCVOLB or XPRESRR) because it distributes and 
integrates well; however, for deeper tear troughs, 
a higher G′ product with greater lift capacity such 
as NASHR is an ideal option. When effective lift 
and projection of the malar cheek are desired in 
patients who have adequately thick skin and sub-
cutaneous tissue quality, VYCVOLU and NASHLYF are 
optimal choices. Regardless of skin quality, inter-
mediate G′ products are a more effective solution 
for the nasolabial folds and in the marionette/
melomental region where product visibility on 
facial animation may be a concern. The interme-
diate G′ products VYCVOLL and XPRESRD are also 
good options for areas of “facial animation” and 
for support and contouring in areas such as the 
midface.

The correction of perioral rhytides (barcode 
lines) presents a unique structural challenge, as 
perioral rhytides are prone to dynamic stress in an 
area that may not have adequate skin thickness. A 
higher G′ product is desirable for this challenge. 
However, placing a firm product deep enough 
beneath the wrinkle to avoid product palpabil-
ity/visibility will often not correct the “defect” but 
only give more anterior (visible) projection to the 
rhytide. In the authors’ experience, NASHASIL, in 
small aliquot doses, is a good option for superfi-
cial and mid-dermis injections for correction of 
“stiff” perioral rhytides and fine oral commissures 
(that do not correct when the skin is stretched). 

Alternatively, if the rhytides are easily effaced 
when the skin is stretched, a lower G′ product 
(softer gel) such as CPMBB, VYCVOLB, or XPRESRR 
may be a suitable alternative.

CONCLUSIONS
Until enough clinical experience is gained, dif-

ferentiating products by their rheologic and physi-
cochemical properties may serve as a useful way to 
select which products are most suitable for a given 
clinical need. Among the variety of parameters 
used to differentiate products, G′ (elastic modu-
lus) seems to be the most widely used and perhaps 
is the most logical, as it represents the product’s 
predominant rheologic property. Although physi-
cochemical properties are also valuable means for 
product differentiation, the lack of standard mea-
surement techniques among different researchers 
remains an obstacle for true comparison between 
products. The ability to find trends between a 
product’s rheologic and physicochemical param-
eters appears to be strongest among products of 
similar concentrations and those produced by the 
same technology, but not between manufacturing 
technologies.

Although there is a wide body of literature 
describing how such data can be used to charac-
terize different hyaluronic acid products, there 
are very few studies that correlate in vitro mea-
surements with in vivo performance. There are 
potentially many different properties that impact 

Fig. 6. Dynamic forces that contribute to deformation of hyaluronic acid filler 
products implanted in the superficial (dermis) and deep planes (deep fat pad 
and supraperiosteal) of soft tissues.
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product characteristics, and future studies may 
help to correlate product properties with clinical 
experiences. Ultimately, there are no substitutes 
for all the technical nuances learned through 
practical experience. In the absence of data, 
author discussions that provide practical experi-
ence with specific product attributes and tech-
niques as they relate to clinical performance are 
tremendously valuable. The data and discussion 
topics presented here represent a source of prac-
tical information intended to educate and assist 
clinicians and injectors in selecting the products 
best suited to the needs of each patient. Some 
author recommendations may include off-label 
use of products.
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