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Abstract

Background: Skin quality improvementwith hyaluronic acidmicroinjections is increas-

ing as a clinical treatment indication and as a scientific issue. This present study

assessed changes in biomechanical viscoelastic skin properties after microinjections

with the skin quality booster CPM-HA20G (Belotero Revive).

Materials andmethods:Fifteen subjects havebeen randomized in a2:1 ratio to receive

either three treatments (total 3 ml per side) or a single-dose treatment (total 1.5 ml

per side) with CPM-HA20G at dermal level into the lower cheeks via microinjections.

Treatments were provided 4 weeks apart. Biophysical measurements were performed

describing the viscoelastic skin properties and the underlying skin structure. Themea-

surements were performed before injection (week 0) and on follow-up visits 4, 8, 16,

24, and 36weeks after the last injection treatment.

Results:One (p=0.028) aswell as three (p=0.003) consecutive treatmentswithCPM-

HA20G improved statistically significant skin firmness (R0). For themultiple-treatment

group improved significant differences were observed for skin fatigue (R3; p = 0.007)

and skin density (p=0.017)with stable skin thickness levels (p>0.05), too. Therewere

zero-to-weak correlations between skin thickness and biomechanical skin properties

(R0, rs = 0.084; R3, rs = 0.093).

Conclusion: Overall, microinjections with CPM-HA20G improved biomechanical

viscoelastic skin properties with a stronger and more pronounced effect in the

multiple-treatment group. The observed changes may explain some of the skin quality

improvements observed after treatment with CPM-HA20G.
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1 INTRODUCTION

Skin quality is related to health, attractiveness, and youth and

is intensively studied.1 A recent publication validated a scientific

scale of skin quality and defined six relevant parameters for aged

female facial skin: elasticity, wrinkles, skin roughness, pigmentation,

erythema, and pore size. Elasticity is showing one of the high-

est correlation coefficients.2 A consensus of 10 dermatologists and

esthetic physicians defined 4 key emergent skin quality categories:

skin firmness, skin surface evenness, skin tone evenness, and skin

glow.3

Overall skin quality improvement is important for younger gener-

ations such as Generation Y as the first visible changes of aging are

those that occur in skin surface and soft tissue.4,5 Thus, not surpris-

ingly,millennials are searching for treatments that improve skinquality.

Microinjection treatments with a so-called skin quality booster (SQB)

containing hyaluronic acid (HA), some of which include glycerol, have

been demonstrated to significantly improve skin quality.6–10 Clinically

improvements can be evaluated in the skin quality parameters: skin

hydration, skin elasticity, skin roughness, and skin tone.6–10 Combined

HA with glycerol can also improve skin radiation in hemoglobin and

melanin values.9

SQBs must be differentiated in their indication from HA filler,

as the SQBs are injected over a larger area into the skin with-

out building up much volume. A cross-linked SQB has relatively

long durability within the tissue, whereby the hygroscopic prop-

erty of HA can provide a moisture depot and thus improve cell

turgor, tissue tension, and the physiological processes in the extra-

cellular matrix. As a result of the improved physiological conditions

within the tissue, stimulation of the in vivo collagen synthesis is dis-

cussed in studies as a possible mode of action due to fibroblast

stimulation.11–14

The skin structure, with its collagen and elastin fibers, is an

important factor for the viscoelastic biomechanical behavior of the

skin and for the measurement of skin elasticity.8 Therefore, this

study’s aim was to evaluate further the effects of CPM-HA20G,

an SQB of cohesive polydensified matrix, on the skin structure

and its viscoelastic behavior. So far, no relation of viscoelastic

properties and fibroblast stimulation for CPM-HA20G has been

shown.

2 MATERIALS AND METHODS

The study was approved by the local ethics committee (EC Ham-

burg) and performed in accordance with the ICH-GCP and

EN ISO 14155. All study subjects provided written informed

consent.

Biophysical measurements were performed according to recom-

mendations by other authors and international guidelines for in vivo

measurements.8,15–20

2.1 Study design and population

Biophysical measurements were performed within an open-label, mul-

ticenter, uncontrolled, and post-market clinical follow-up study to

confirm the effectiveness and safety of CPM-HA20G in facial skin

revitalization and photodamaged skin treatment. Here, we evaluate

separately single-center data from the site University of Hamburg.

Eligible subjects who are to be enrolled to two treatment armswere

healthy male or female, 25–45-year old, with early signs of facial pho-

todamaged skin in the lower cheek area. Excluded were subjects with

actinically damaged skin, dermal fillers, or other cosmetic aesthetic

procedures within the treatment area affecting themeasurements. Six

to eight visits, depending on the treatment arm, were carried out. A

baseline visit before injection (week 0) and follow-up visits 4, 8, 16, 24,

and 36weeks after the last injection treatment were performed.

2.2 Investigational medical device and treatment
arms

The medical device CPM-HA20G (Belotero Revive, Merz Pharmaceu-

ticals GmbH, Frankfurt, Germany) is an injectable HA gel applied in

aesthetic dermatology for skin quality improvement. The HA is nonan-

imal derived from Streptococcus equi, and the gel is cross-linked with 1,

4-butanediol diglycidyl ether, containing 20 mg/ml HA and 17.5 mg/ml

glycerol of nonanimal origin.

A serial micropuncture technique with a 30-G Mesoram needle,

0.3 × 4 mm (RI.MOS. SRL, Mirandola, Italy) was applied for injection

into dermal to immediate subdermal planes of the lower cheeks. The

injectionpoints, eachof0.05ml,wereevenlydistributedover the treat-

ment area (Figure 1). Subjects in treatment arm one received three

bilateral injection treatments, 4 weeks apart, with a total injection vol-

ume of 3 ml per side. Each treatment consisted of up to 20 injection

points per side using 1 ml CPM-HA20G. Subjects in treatment arm

two received one bilateral injection treatment with half in total injec-

tion volume, which consisted of up to 30 injection points per side using

1.5 ml CPM-HA20G. Subjects in treatment arm two received a dif-

ferent dose compared to subjects in treatment group one, to assess

how treatment volume and number of treatment sessions influence

therapeutic outcome.

2.3 Standardization of biophysical skin
measurements

The laboratory environment was controlled and standardized. The

temperature was kept at 20–22◦C and the humidity at 40%–60%, with

a 15–30 min acclimatization phase. The subjects were instructed not

to apply cleansing products or water for 6 h, or any skincare prod-

uct on their faces for 12 h, prior to measurements. With anatomical

orientation points, the measurement area was marked before each
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F IGURE 1 Lower cheek treatment andmeasurement area: (A) treatment area and injection scheme of treatment arm two (1 bilateral injection
treatment, up to 30 injection points); (B) treatment area and injection scheme of treatment arm one (3 bilateral injection treatments, up to 20
injection points); (C) measurement area for biophysical measurements

visit. A line was drawn from the center of the tragus to the corner

of the mouth. This length was divided by three to obtain the subdi-

vision of the measurement areas (Figure 1C). The assessments were

performed with each subjects’ supine position, muscle relaxation, ran-

domized body half, measurement area, and order kept constant for all

visits. Prior to the treatment and on follow-up visits, suction method

assessments were performed before sonographic ones. The face was

rotated contralaterally until the measurement probe could be placed

on a planar area.

2.4 Biophysical measurements

The Cutometer dual MPA 580 (Courage+Khazaka Electronic GmbH,

Cologne, Germany) operates according to the suction method,

described elsewhere,8,15,16,19–21 which was used to assess the biome-

chanical properties of the skin. A single measurement was performed

for the left or right cheek, and a second measurement was done in the

case of visible interfering factors in the curve progression, given in a

time–strain mode (Figure 2).

The device settings of the present study were consistent with those

of previous studies on biomechanical properties and skin aging.8,20,21

With a 2 mm diameter probe and a negative pressure force of

450mbar, the skin could bemoved into and out of the probe in five rep-

etition cycles with an overall measurement time of 20 s. The skin was

extended in each cycle for a 2 s suction time and could relax in a 2 s

relaxation time. Parameters chosen for the determination of viscoelas-

tic properties were themaximum extension amplitude in the first cycle

(R0, Uf) and the last maximum amplitude of the last cycle (R3) (Table 1).

As skin elasticity is affected by skin thickness,8,19,20 measure-

ments of skin thickness and density were performed with DUB

SkinScanner system (taberna pro medicum, Lüneburg, Germany). The

basic principle of sonography is the pulse-echo method, as described

elsewhere.22–24 A 22-MHz transducer with an axial penetration depth

of 4 mm and an amplification of 44 dB was used as the stan-

dardized device setting for this investigation. The scan width of

12.8 mm and step width of 33 µm were given by the transducer.

A single measurement was performed, and a measurement repeti-

tion was done in the case of visible interfering factors in B-Scan

mode.

With the automatic skin analysis of the provided software, skin

thickness (µm) and skin density (arbitrary units) were analyzed within

the typical position of vertical and horizontal lines as visible in Figure 3.

For each automatic evaluation, the automatically set measurement

lines were checked by the same investigator for correctness and if

necessary, adjustedmanually.

2.5 Data analysis

Statistical analysis was performed with the SPSS package version 26

(IBM Corp., Armonk, NY, USA). As part of the descriptive data evalua-

tion, arithmetic mean values (M) for each visit and treatment armwere

calculated with their standard deviations (SD). Missing values will not

be imputed, leading to case exclusion. In an exploratory dependency

analysis, differences were assessed with a two-tailed statistical test,

and a significance level of 5% (p ≤ 0.05). For this purpose, statistical

significance (p) values were given.
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F IGURE 2 Typical time–strain curve progression withmarked analyzed parameters

TABLE 1 Overview of chosen biomechanical property parameters, their interpretation and relationship with the viscoelastic skin properties

Units

Nomenclature by

Agache et al.15,19
Cutometer

parameter Relationship between Cutometer R values and viscoelastic skin properties

mm Uf R0 Skin firmness: maximum amplitude; the lower the R0 value, the firmer the skin

The R0 value shows themaximum distensibility of the skin into themeasurement

probe during the suction phase

The lower the R0 value, the better the ability to resist suction and the firmer the skin

mm R3 Skin fatigue: last maximum amplitude of repeated suction; the lower the R3 value, the
less fatigued the skin

The R3 value shows themaximum distensibility of the skin into themeasurement

probe during the last repeated suction phase. As the amplitude increases with each

repetition due to skin fatigue, lower R3 values show less fatigued skin

For statistical evaluation of dependent variables over time the para-

metric test repeated measures analysis of variance was carried out for

all visits. If sphericity was not assumed, Greenhouse–Geisser corrected

p values were given. The post hoc test was then carried out with

Bonferroni-corrected p values.

For the independent variables, a pairwise t-test was performed

for the two treatment arms with their delta values between two

visits (baseline and week 16). If the requirements for a parametric

test were not met with the Shapiro–Wilk test, the nonparametric test

Mann–Whitney Uwas carried out.

In order to evaluate undirected relationships between variables

of biomechanical properties and skin structure parameters, Spearman

rank correlationwas performed. For this purpose, Spearman’s-rho corre-

lation coefficient (rs) was interpreted according to Dancey and Reidy,

and their p values were given.25

3 RESULTS

Overall, 26 subjects were enrolled at the study site, 25 women and

1 man. Because of the gender-related significant differences in the

measurementparameters,21 only dataof fertile female subjects of Fitz-

patrick skin type II–V were evaluated for this investigation. Therefore,

a total of 15 complete subject data sets were included in the statistical

evaluation. Five subjects with a mean age of 42 (±2) years and a mean

body mass index (BMI) of 24 (±4) kg/m2 received a single treatment.
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F IGURE 3 A 22-MHzDUB SkinScanner automatic skin analysis measurement lines position, within the A-scan in the top line (white graph,
blue background) and the two-dimensional multicolor B-scan of the A scans below

TABLE 2 Spearman-rho correlation coefficients of skin structure
and biomechanical parameters (n= 90)

R0 (Uf) R3

Skin thickness 0.084 0.093

Skin density −0.173 −0.180

Multiple treatments were received by 10 subjects with a mean age of

34 (±6) years and amean BMI of 23 (±4) kg/m2.

The average room temperature was 20.1 ± 0.4◦C and the average

relative humidity was 53.7%± 3.3% for all measurements.

3.1 Correlations between skin structure and
biomechanical properties

Therewere no significant correlations for skin thickness or skin density

with the skin’s biomechanical properties. The correlation coefficients

are shown in Table 2. The effect size was zero to weak.

Amoderate significantly negative correlation (rs:−0.520, p≤ 0.001,

n = 90) could be found between skin thickness and skin density over

study time of 6 timepoints for all 15 subjects and each treatment group

(single: rs =−0.483, p ≤ 0.007, n= 30, multiple: rs =−0.560, p ≤ 0.000,

n= 60) over 6 timepoints (Figure 4).

3.2 Biomechanical properties

Skin firmness measured by the Cutometer parameter R0 (Uf) showed

a statistically significant difference between the multiple-treatment

group measurements over study time (p = 0.003). This was also

confirmed for the single-treatment group (p = 0.028). Pairwise com-

parisons showed that skin firmness parameter was significantly lower

aftermultiple injections (p=0.014) inweek16 (M=0.346±0.061mm)

than in the baseline visit (M = 0.406 ± 0.089 mm), and after

a single injection significantly (p = 0.020) lower in week 36

(M = 0.302 ± 0.049 mm) than in week 4 (M = 0.347 ± 0.041 mm),

as shown in Figure 5A.

Between the two treatment groups, a significant difference was

observed (p= 0.001). Skin firmness parameter of the single-treatment

group increased 1% from baseline to week 16, whereas for the

multiple-treatment group decreased 15%, as shown in Figure 5B.

Skin fatigue parameter R3 showed a statistically significant dif-

ference among the multiple-treatment group’s measurements over

the study period (p = 0.007). Pairwise comparisons showed that skin

fatigue parameter was significantly lower after multiple injections

(p = 0.019) in week 16 (M = 0.391 ± 0.064 mm) than in the baseline

visit (M= 0.449± 0.095mm), as shown in Figure 6A.

Between the two treatment groups, a significant difference

was observed (p = 0.002). Skin fatigue parameter of the single-

treatment group decreased 1% from baseline to week 16, whereas
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F IGURE 4 Scatterplot of skin thickness (µm) and skin density (a.u.) shows amoderate significant negative correlation (rs:−0.520, p≤ 0.001,
n= 90) over 6 timepoints for all 15 subjects and for each treatment group over 6 timepoints (single: rs =−0.483, p≤ 0.007, n= 30, multiple:
rs =−0.560, and p≤ 0.000, n= 60)

for the multiple-treatment group it decreased 13%, as shown in

Figure 6B.

3.3 Skin structure

There were no statistically significant differences determined for the

skin thickness over the study period. Skin density showed increasing

values for both treatment groups over the study period. A statistically

significant difference for the multiple-treatment group over the study

duration (p = 0.017) was observed, whereas post hoc test could not

show between which timepoints. Skin density increased 22% in week

24 (M= 39± 8.9) and 36 (M= 39± 7.8) compared to the baseline visit

(M= 32± 5.8).

A pairwise comparison for skin density and skin thickness found no

statistically significant differences between the two-treatment groups.

VaryingM values and SD are presented in Figures 7 and 8.

4 DISCUSSION

As skin quality is an increasing treatment indication, new scientific

data are needed. A recent publication pointed out that elasticity is

showing one of the highest correlation coefficients on skin quality.2

As the skin is not purely elastic but also has viscous properties, the

biomechanical properties of the skin canbest be studied by viscoelastic

parameters containing both components. Therefore, viscoelastic skin

properties are relevant parameters objectifying the outcome of skin

quality improvement treatments, as after HA microinjections. A con-

sensus paper on skin quality is stating that skin firmness is one of the

four most important perceptual categories of skin quality.3 Skin firm-

ness is a parameter describing not only the elastic properties but the

viscoelastic ones. Improved skin hydration and elasticity have already

been discussed for microinjection treatment with CPM-HA20G.9 The

ancillary function of glycerol in CPM-HA20G provides an enhanced

and earlier onset of skin hydrating effect as already investigated by

Hertz–Kleptow et al.9 Other cross-linked HA SQB products do not

purpose glycerol as an additional additive.26

As skin viscoelasticity is influenced by the skin structure and its

fibers,8 this study aimed to investigate the in vivo effects of CPM-

HA20G, an SQB, on the viscoelastic biomechanical skin properties

as they relate to skin structure. To gain deeper insight into skin

viscoelasticity parameters, skin firmness (R0, Uf) and skin fatigue (R3)

weremeasured together with skin thickness and skin density.

As recommended recently by the European Group on Efficacy

Measurement and Evaluation of Cosmetics and other Products,
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F IGURE 5 Skin firmness (R0, Uf): (A) mean values and their
standard deviations, baseline visit before injection (week 0) and
follow-up visits after injection (weeks 4–36). Statistically significant:
*p= 0.014: multiple-injection values of baseline versus week 16,
*p= 0.020: single-injection values week 4 versus week 16 (n= 15). (B)
Change (%) of mean values after injection in comparison with baseline
(week 0). Statistically significant: ***p= 0.001: multiple- versus
single-injection group (n= 15)

laboratory, device, and subject conditions were controlled and

remained constant.15 Differences in gender, age, and BMI may influ-

ence the viscoelastic biomechanical skin properties,15 but genders and

BMI were comparable for both treatment groups in this investigation.

The mean age of the single treatment group was higher (M = 42,

SD = 2) than in the multiple-treatment group (M = 34, SD = 6), this

might have led to different baseline values for the two groups.21

Therefore, delta values were used for comparing them.

In previous publications, the correlation between skin thickness and

the absolute parameters of biomechanical skin properties were high-

lighted, and normalization to a standardized 1 mm skin thickness or

to ultrasonographically evaluated skin thickness was recommended

andperformed.8,19,20,27,28 Hence, as no correlationwas foundbetween

those parameters this was not needed in this investigation (Table 2).

Also, a recent publication hypothesized that the superficial layer thick-

ness might be linked to the density of the extracellular matrix, with

thinner layers corresponding to higher density, resulting in stiffer

biomechanical behavior.29 The authors assumed that normalization

of skin thickness would overestimate the dependence in the analysis

of biomechanical skin properties.29 The hypothesis of a negative cor-

relation between skin thickness and density could be also observed

F IGURE 6 Skin fatigue (R3): (A) mean values and their standard
deviations, baseline visit before injection (week 0) and follow-up visits
after injection (weeks 4–36). Statistically significant: *p= 0.019:
multiple-injection values of baseline versus week 16 (n= 15). (B)
Change (%) of mean values after injection in comparison with baseline
(week 0). Statistically significant: **p= 0.002: multiple- versus
single-injection group (n= 15)

in our statistically significant moderate negative correlation for skin

thickness and skin density over study time (Figure 4). Furthermore,

as skin thickness remained almost constant over the study’s duration,

microinjection treatments with CPM-HA20G do not build up volume

but just improve skin quality by improving viscoelastic properties, skin

smoothness, skin hydration, and skin radiance.

The intended effect of microinjection treatment with HA is focusing

not only on hydration but also on stimulating fibroblasts’ activity.

Because biomechanical behavior of the skin is not purely elastic, but

viscoelastic the typical curve progression can be related to the skin

fibers. As previously described in the literature, the elastin fibers

are related to the linear-elastic portion of the suction and relax-

ation curve, and the collagen fibers are related to the viscoelastic

curve progression.8 For better comparison, both the R-parameter

nomenclature of the device manufacturer and where applicable the

U-nomenclature proposed by Agache et al. are mentioned (Table 1).19

As recommended by several publications, absolute parameters

were measured: Total extensibility (elastic and viscoelastic strain)

was investigated as skin firmness parameter R0 (Uf) in mm.15,19,21

The last maximum amplitude (elastic and viscoelastic strain) after

five cycles was measured as the skin fatigue parameter R3 in mm.8

Both suction phase parameters R0 (Uf) and R3 showed almost
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F IGURE 7 Mean values and their standard deviations for skin thickness (n= 15). Baseline visit before injection (week 0) and follow-up visits
after injection (weeks 4–36)

F IGURE 8 Mean values and their standard deviations for skin density. Baseline visit before injection (week 0) and follow-up visits after
injection (weeks 4–36). *p= 0.017: multiple-injection values over study duration (n= 15)

continuously decreasing values that in turn is an improvement in

skin firmness and skin fatigue. The results are in accordance with

the previous study using the CPM-HA20G.9 Similarly, for an SQB

with different manufacturing technology, named nonanimal Stabilized

Hyaluronic Acid (NASHA), these parameters were improved over the

study period.8 Previous studies on CPM-HA20G and NASHA also

showed increasing improvements for gross elasticity.6,8,9 It should

be mentioned that these studies also investigated the lower cheek

area of female subjects with a similar Cutometer measurement

protocol.

The parameter of skin firmness (R0,Uf) and skin fatigue (R3) showed

that after multiple microinjections with CPM-HA20G, the skin had a

greater ability to resist the suction and was less tired after repeated

suctions (Figures 5 and 6). The treatment goal of improved skin quality

in viscoelastic properties was confirmed.

Of special importance for clinical recommendations and use is the

fact that three consecutive treatments—4 weeks apart—resulted in a

stronger and more pronounced treatment response as compared to a

single treatment. Clinically speaking, a single treatment can be recom-

mended for patients with a mild loss of skin elasticity and firmness,

whereas patients with a more pronounced decrease in viscoelas-

tic properties should be treated with three consecutive treatment

sessions to gradually improve skin fatigue and firmness.

Several hypotheses can explain the results described. An impor-

tant factor for the improved skin firmness parameter R0 (Uf) and skin

fatigueparameterR3couldbe thehygroscopic characteristic ofHAand
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the hydrophilic characteristic of glycerol, providing a moisture depot

and thus improve the cell turgor, tissue tension, and physiological pro-

cesses in the extracellularmatrix.8,9 Considering that theCPM-HA20G

is a viscoelastic fluid in its rheological characteristics, where the vis-

cous properties (G″) exceed the elastic properties (G′),26 it could be

assumed that these predominantly viscous properties were measured

within the tissue by the suction method and therefore may influence

themeasured biophysical viscoelastic parameters.

The skin density data contradict this assumption. The stronger the

reflection of the ultrasound, the higher the echogenicity of the skin

layer. The structures of the epidermis and dermis have high echogenic-

ity, whereas adipose tissue and injected HA have low echogenicity and

low skin density.22–24 An isoechoic signal after HA injections could

indicate good tissue integration.30 The CPM-HA20G microinjection

treatment showed no isoechoic signal and did not decrease the skin

density asmight beexpected. In contrast, increasing skindensity values

of 22% were observed for the multiple-treatment group in long-term

effect (Figure 8). As commonly known, in the extracellular matrix col-

lagen fibers have a faster turnover than elastin fibers; thus it can be

assumed that collagen causes this change in skin density. Increased col-

lagen could therefore explain the significantly improved skin firmness

parameter R0 (Uf) and skin fatigue parameter (R3).

Stimulation of the in vivo collagen synthesis after HA injections has

beenpreviously reported andmatches thepresent study’s results.11–14

5 CONCLUSION

It is recommended that the statistical correlation between biophys-

ical viscoelastic parameters and skin depth be verified before their

normalization. If this correlation is not present for the study data, nor-

malization is not suggested. In this investigation, normalizationwas not

needed for the evaluation of the viscoelastic skin properties.

CPM-HA20G microinjection treatment can improve skin quality by

altering viscoelastic skin properties and skin density. The multiple-

injection treatments showed a stronger, significant improvement in

skin firmness (R0, Uf), and skin fatigue (R3) than the single-treatment

group.

In summary, for clinical use, a single injection treatment is recom-

mended for skin with a good skin quality condition and only a slight

need for optimization, with another treatment after 24–36 weeks. For

skin with a more pronounced need for skin quality improvement, a

multiple-microinjection treatment is recommended, with a touch-up

treatment after 64weeks.

Further ex vivo studies with biomarkers of the extracellular matrix

are needed to better understand the causal physiological processes

of these outcomes. The main limitation of the study is the single-

center data with a limited number of subjects suitable for statistical

analysis. To substantially support the results, further in vivo stud-

ies with a multicenter data analysis and a larger study population

are mandatory. Furthermore, comparisons between cross-linked and

non-cross-linked HA products with similar injection protocols and

measurement conditions would be of scientific interest.
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