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Abstract Hyaluronic acid fillers are used to improve the

appearance of nasolabial folds (NLF). This study aimed to

compare the efficacy, safety, and durability of a new hya-

luronic acid gel (BioHyalux) versus Restylane for the

correction of NLF. This was a multicenter, double-blinded,

randomized, controlled, non-inferiority clinical trial

involving 88 subjects with moderate to severe NLF. Sub-

jects were randomized to BioHyalux and Restylane on

either sides of the NLF. NLF was assessed before and right

after injection, and at 1 week, 1, 3, and 6 months. Patients

were followed up for 13–15 months to evaluate the dura-

bility and long-term safety. A clinically meaningful

response was predefined as at least one-point improvement

on the Wrinkle Severity Rating Scale, which is a five-point

scale. At 6 months, the response rate of BioHyalux was not

inferior to that of Restylane (P\ 0.05). At the

13–15 months follow-up, the response rate by investigators

was 58.0 % on the BioHyalux side versus 63.8 % on the

Restylane side. The response rate by subjects showed

similar results, which was 56.5 % on the BioHyalux side

versus 60.9 % on the Restylane side at 13–15 months. The

subjects’ Global Aesthetic Improvement Scale (GAIS)

showed that most subjects felt improvements on both sides

of NLF (P[ 0.05) at all time points. At 6 months, 100 %

reported improvements on both side; at 13–15 months,

60 % of subjects reported improvements with BioHyalux

versus 64 % with Restylane. Adverse events were transient

and predominantly mild or moderate in severity including

injection site swelling, pain, itching, bruising, and tender-

ness. BioHyalux had reliable safety and tolerance, and

could be an effective injectable filler for correcting NLF.

Keywords Hyaluronic acid fillers � BioHyalux �
Restylane � Global Aesthetic Improvement Scale

Introduction

Volume loss and muscular hyperactivity are two major

components of the aging process that contribute to the

formation of folds and wrinkles [4]. The development of

reversible minimal invasive techniques for wrinkle and

volume correction has increased significantly over the

years [8].

Among others, the use of injectable fillers became

appealing, with hyaluronic acid (HA) preparations being

frequently used. HA has a rapid turnover; therefore, the

product must be modified to improve its durability after

being injected [1, 12]. Stabilized HA binds significant

amounts of water, allowing a durable cosmetic improve-

ment. Therefore, HA derivatives offer potential advantages

over non-HA fillers for augmentation treatments in terms

of reduced volume of injection and improved patient con-

venience [10].

Restylane is a biphasic injectable filler based on indi-

vidual particles (bi-HA) with an HA content of about

20 mg/mL. It was introduced in the market in Europe in

1996 for the correction of moderate facial wrinkles, facial

folds, and lips [1, 2, 10–13]. Preliminary clinical findings
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indicate that Restylane is well tolerated after subdermal

injection and that it provides good initial efficacy in cor-

recting facial wrinkles and folds [11, 13]. BioHyalux

(Bloomage Freda Biopharm Co., Ltd, Shandong, China) is

a new hyaluronic acid gel using the highly effective cross-

linking (HEC) technique. It has a similar concentration of

HA compared to Restylane, which is now available in

China. However, no study is available to compare the two

products in Chinese people.

Therefore, this multicenter, double-blinded, random-

ized, controlled, non-inferiority study was conducted to

compare the efficacy, tolerability, and durability of the

cosmetic effect of BioHyalux versus Restylane in correct-

ing nasolabial folds (NLF).

Methods

Materials

The test product was BioHyalux, which is provided in 1.0-

mL syringes. Commercially available Restylane (Q-Medi-

cal, Uppsala, Sweden) was used in the study as a positive

control and is also provided in 1.0-mL syringes. Both

products have an HA concentration of 20 mg/mL and are

manufactured using the same technique.

Subjects

Eighty-eight subjects aged between 18 and 65 years with

moderate or severe NLF (Wrinkle Severity Rating Scale

(WSRS) score [3] of 3 or 4, as evaluated by the investi-

gators) were recruited in this study. Exclusion criteria

were: (1) any facial anti-wrinkle therapy; (2) facial soft

tissue augmentation; (3) laser or chemical peeling; (4)

cosmetic facial surgery below the level of the lower orbital

rim within the previous 6 months; (5) pregnant or nursing

women; (6) damaged skin, active skin diseases, or recently

treated skin cancer close to the injection sites; (7) allergies;

(8) autoimmune disease; (9) coagulation disorders; or (10)

any other severe systemic disease.

The study was approved by a central institutional review

board and conducted at two Chinese hospitals, in full

accordance with the Good Clinical Practice regulations and

guidelines. All subjects provided a written informed

consent.

Intervention

Subjects were randomized to receive an injection of

Restylane in one NLF and BioHyalux in the opposite NLF.

Randomization was done using SAS 9.2 (SAS Institute,

Cary, NY, USA). An initial treatment and one touch-up

treatment at a 4-week interval were performed to achieve

optimal correction in both NLFs. All subjects were fol-

lowed up for 6 months to evaluate the efficacy and safety

of the products, and they were further followed up for

13–15 month after the injection to evaluate the durability

of the two products and long-term safety.

The investigators determined the appropriate volume of

HA fillers needed to obtain optimal correction at the initial

and touch-up treatments. The total amount of initial treat-

ment did not exceed 1.5 mL per side and the amount of

touch-up did not exceed 0.5 mL per side. The same product

was used for the initial and touch-up treatments. All the

products used in this study were lidocaine free.

Outcome measures

To ensure double blinding, the subjects wore eye patches

during injection, and the evaluations were carried out by

the subjects and by third-party evaluators who were not

present at the time of injection.

The effectiveness evaluation was based on NLF sever-

ity, which was assessed using the WSRS (Supplementary

Table S1) [3] by the investigators and the subjects. The

Global Aesthetic Improvement Scale (GAIS), which is a

five-point scale [2] by the subjects, was also used to assess

the efficacy. The primary effectiveness outcome was

obtained 6 months after injection. The secondary outcomes

were the effectiveness and safety at other follow-ups.

The WSRS is a photograph-based outcome instrument

that is designed specifically for quantifying facial folds.

The same camera and the same brightness were used for all

assessments. Scoring of fold severity is based on the visual

assessment of the length and depth of the NLF. Third-party

investigators and the subjects used the five-point photo-

graphic wrinkle assessment scale to make live assessments

of the severity of the NLFs. A clinically meaningful

response was predefined as at least one-point improvement

on the WSRS. Two patients’ photographs showing the

WSRS score were presented (Figs. 1, 2).

The subjects used the GAIS (Supplementary Table S2)

[2] to perform a self-assessment. The GAIS grades the

overall improvement in each NLF. All subjects performed

the self-assessment by comparing their appearance in a

mirror at follow-up visits against a high-magnification

photograph taken before treatment. The mirror symmetry

was reminded in all subjects.

Safety

The vital signs of each subject were measured at each visit.

Routine blood and urine tests, blood biochemistry assays,

coagulation function, pregnancy tests, and electrocardio-

grams were performed in all patients before and 1 month
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after their injections. The investigators documented any

symptoms of serious adverse events or unanticipated

adverse events at each visit.

Statistical analysis

Patients were analyzed according to the full analysis set

(FAS) and the per protocol set (PPS). SAS 9.2 (SAS

Institute, Cary, NY, USA) was used to perform the statis-

tical analysis of the data. Chi-square test was performed for

comparison of categorical data between the two groups.

ANOVA was performed for comparison of continuous

data. Descriptive statistics and the stratified Cochran–

Mantel–Haensel Chi-square test were used to analyze the

WSRS and GAIS results. Non-inferiority evaluation was

also performed for comparison of the efficacy of the two

products (non-inferiority boundary value was 10 %). Two-

sided P values \5 % were considered to be statistically

significant.

Fig. 1 Comparison of BioHyalux and Restylane in a 61-year-old man

before injection and at 7 days and 6 months. a Before, third-party

investigators WSRS score: 4 on both sides; b 7 days/visit 2; third-

party investigators WSRS score: 2 on both sides; c 6 months/visit 5;

third-party investigators WSRS score: 3 on both sides

Fig. 2 Comparison of BioHyalux and Restylane in a 46-year-old

woman before injection and at 7 days and 6 months. a Before, third-

party investigators WSRS score: 4 on both sides; b 7 days/visit 2;

third-party investigators WSRS score: 1 on both sides; c 6 months/

visit 5; third-party investigators WSRS score: 2 on both sides
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Results

Demographic characteristics

Eighty-eight subjects (82 women and 6 men) were recrui-

ted in the study. Age ranged from 24 to 61 years (mean of

44.7). Eighty-five patients completed the 6-month follow-

up. Two subjects withdrew their consent and one was lost

to follow-up. Sixty-nine subjects completed the

13–15 months long-term follow-up.

Efficacy

Baseline

Before injection, NLFs were rated by the investigator as

being moderate in 30 patients (34.1 %) and severe in 58

patients (65.9 %) on the BioHyalux side, and as being

moderate in 29 patients (33.0 %) and severe in 59

patients (67.1 %) on the Restylane side (Chi-square test,

P[ 0.05). According to the subjects, 36 NFLs (40.9 %)

were moderate, 47 (53.4 %) were severe, and 5 (5.7 %)

were extreme on the BioHyalux side; 35 (39.8 %) were

moderate, 48 (54.6 %) were severe, and 5 (5.7 %) were

extreme on the Restylane side (Chi-square test,

P[ 0.05).

Amount of filler

The total amount of filler was 0.99 ± 0.27 mL on the

BioHyalux side, and 0.94 ± 0.27 mL on the Restylane side

(Wilcoxon test, P[ 0.05). Only two subjects received

touch-up treatments.

Response rates based on investigators’ WSRS

In the FAS, the response rates were 100.0, 97.7, 100.0,

96.6, and 92.1 % on the BioHyalux side and 100.0, 98.8,

100.0, 97.7, and 95.5 % on the Restylane side immediately

after injection, and at 7 days, 1, 3, and 6 months, respec-

tively. In the PPS, the response rates were 100.0, 97.7,

100.0, 96.5, 92.9, and 58.0 % on the BioHyalux side, and

100.0, 98.8, 100.0, 97.7, 96.5, and 63.8 % on the Restylane

side immediately after injection, and at 7 days, 1, 3, 6, and

13–15 months, respectively. There were no significant

differences between the two sides at any time point (Fig. 3,

Table S3).

At 6 months after injection, the non-inferiority evalua-

tion showed that the response rate on the BioHyalux side

was not inferior to Restylane (P\ 0.05).

Response rates based on subjects’ WSRS

In the FAS, the subjects’ response rates on the BioHyalux

side were 100.0, 91.9, 90.8, 87.4, and 85.1 %, and were

100.0, 93.0, 90.8, 87.4, and 83.9 % on the Restylane side at

7 days, 1, 3, and 6 months, respectively (all P[ 0.05). In

the PPS, the subjects’ response rates on the BioHyalux side

were 100.0, 92.8, 90.6, 87.1, 84.7, and 56.5 %, and were

100.0, 92.9, 90.6, 87.1, 83.5, and 60.9 % on the Restylane

side at 7 days, 1, 3, 6, and 13–15 months, respectively (all

P[ 0.05) (Fig. 4, Table S4).

Response rates based on subjects’ GAIS

In FAS, most subjects felt improvements on both sides of

the NLF. However, the improvements gradually declined

with time. There was no difference between the BioHyalux

and Restylane sides at any time point (Fisher exact test, all

P[ 0.05) (Fig. 5, Table S5). Results of the PPS were

consistent with those of the FAS.

Fig. 3 Response rates between sides according to the investigators.

Visit 1 immediately after injection; visits 2–6 7 days/1/3/6/

[13 months after injection. FAS full analysis set, PPS pre-protocol

set
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Safety

After the initial treatment session, 153 local injection site

reactions occurred on the BioHyalux side and 156 on the

Restylane side. The most frequent symptoms with Resty-

lane and BioHyalux were swelling (40 vs. 41 subjects),

pain (27 vs. 28), itching (27 vs. 25), bruising (20 vs. 23),

and tenderness (20 vs. 21). All of these symptoms were

mild or moderate in intensity and resolved within 1 week

without treatment. The vital signs of all subjects at each

visit were stable. Results of the routine blood and urine

tests, coagulation function, pregnancy tests, and electro-

cardiograms did not show remarkable changes in all

patients before and 1 month after the injections.

During the whole study, seven adverse events (7.95 %)

were reported. Four were probably treatment related (two

subjects with headache, one with dizziness, and one with

toothache). All potentially related adverse events were

mild or moderate and short lasting (within 1 week). Only

one patient (1.14 %) with lumbar muscle strain was

admitted to the hospital, which was considered as a

serious adverse event, but judged as non-relevant to the

injections. No subjects left the study because of adverse

events.

Discussion

The objective of the present study was to compare the

efficacy, safety, and durability of BioHyalux versus

Restylane for the correction of NLF. Results showed that at

6 months, the response rate of BioHyalux was not inferior

to Restylane (P\ 0.05). At the 13–15 months follow-up,

the investigators’ WSRS was 58.0 % in the BioHyalux

group versus 63.8 % in the Restylane group. Subjects’

WSRS showed similar results, with 56.5 versus 60.9 % at

13–15 months. The subjects’ GAIS showed that most

subjects felt improvements on both sides of NLF

(P[ 0.05) at all time points. At month 6, 97.8 % reported

improvements on both sides; at months 13–15, 60 % of

subjects reported improvements with BioHyalux versus

64 % with Restylane. Adverse events were transient and

predominantly mild or moderate in intensity: injection site

swelling, pain, itching, bruising and tenderness.

The efficacy of Restylane observed in the present study

was consistent with previous reports and sometimes even

better [1, 2, 10–13]. In the study by Rzany et al. [13],

78.8 % of sides treated with Restylane had over 1 score

improvement 6 months after injection. Baumann et al. [1]

treated 439 subjects (with moderate or severe NLF) with

one of three types of HA dermal fillers, and 81–90 % of

HA dermal filler-treated NLF maintained a clinically sig-

nificant improvement from baseline to over 6 months.

The subjects’ GAIS evaluation showed similar results

between the two treatment sides. All subject reported

improvements 1 month after injection, and over 70 % of

them reported ‘‘much improvements’’ or ‘‘very much

improvements’’. Six months after injection, over 95 %

reported improvements, while 1/3 of them reported ‘‘much

improvements’’. The GAIS results were consistent with the

WSRS scores and showed the satisfaction of the subjects

with their treatment. These results are consistent with a

previous study on Restylane [10], in which only 0.7 % of

the subjects reported no improvements 6 months after

injection and 20.3 % of them still had ‘‘much improve-

ments’’ at 6 months.

The average injection volume used in the present study

was also similar between the two HA fillers, with about

1 ml for correcting the NLF on each side, to achieve ‘‘full

correction’’, but not over-correction. The amount of filler

used was also consistent with previous studies [12, 13].

In the present study, 13–15 months after injection, over

60 % of the subjects still responded according to the

WSRS score, and the GAIS scores showed high satisfac-

tion. These results indicated the long-lasting effect of these

HA fillers for correcting NLF in Chinese subjects. Narins

et al. [10, 11] have also observed this long effect of HA

filler in a study of 63 subjects who received repeated

Fig. 4 Response rates between sides according to the subjects. FAS

full analysis set, PPS pre-protocol set
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treatments with Restylane; 18 months after injection, 57 %

of the subjects had improvements according to WSRS.

Smith et al. [14] have observed similar results after

6–9 months. Data from MRI showed that very small

amounts of HA can still be detected 4–9 months after

injection into the forearm [5]. HA is an extremely hygro-

scopic molecule, binding up to 1000 times its weight in

water. This property allows it to provide equal structural

support. This is why there is a vast discrepancy between

clinical effect and residual HA amounts. Re-injecting HA

for some additional correction have many advantages

including a prolonged result with less HA products injected

each time and less dramatic changes in the appearance over

time due to less injection volume, which lead to a natural

appearance and make the treatments less noticeable to the

public [14].

The study treatment was well tolerated, with most

adverse events being injection site reactions of mild to

moderate severity, which resolved within 1 week without

any further treatment. Notably, the incidence of adverse

events on the two treatment sides was similar. There were

rare reports of infection and allergic cases after HA

injection [7, 9], which were not observed in the present

study. Injection techniques including fan techniques, rapid

injection, rapid flow rates, and higher volumes that increase

the dissection of the sub-epidermal plane were shown to

increase the incidence of local adverse events [6]. To

achieve a better immediate effect and to improve the

experience of the subjects, less traumatic techniques

(slower flow rates and longer injection times) should be

encouraged.

Fig. 5 GAIS on the two sides at

each visit. FAS full analysis set,

PPS pre-protocol set
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The present study is not without limitations. The sample

size was small and there was no sample size calculation. A

population-based study is needed. In addition, there was no

third-party evaluation of the WSRS scores, which could

decrease bias. Finally, the 13- to 15-month follow-up data

were not available for all subjects. Additional multicenter

trials might be necessary to confirm these results.

In conclusion, the new HA gel BioHyalux showed

reliable safety and tolerance and could be an

injectable subdermal filler as effective as Restylane in

correcting NLF for up to 1 year.

Acknowledgments The authors were grateful to the staff at

Bloomage Freda Biopharm Co., Ltd for their skilled work and tech-

nical assistance during the study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict

of interest.

References

1. Baumann LS, Shamban AT, Lupo MP, Monheit GD, Thomas JA,

Murphy DK, Walker PS, Group JvZNFS (2007) Comparison of

smooth-gel hyaluronic acid dermal fillers with cross-linked

bovine collagen: a multicenter, double-masked, randomized,

within-subject study. Dermatol Surg 33(Suppl 2):S128–S135

2. Beer K (2007) A randomized, evaluator-blinded comparison of

efficacy of hyaluronic acid gel and avian-sourced hylan B plus

gel for correction of nasolabial folds. Dermatol Surg 33:928–936

3. Day DJ, Littler CM, Swift RW, Gottlieb S (2004) The wrinkle

severity rating scale: a validation study. Am J Clin Dermatol

5:49–52

4. Fagien S, Raspaldo H (2007) Facial rejuvenation with botulinum

neurotoxin: an anatomical and experiential perspective. J Cosmet

Laser Ther 9(Suppl 1):23–31

5. Gensanne D, Josse G, Schmitt AM, Lagarde JM, Vincensini D

(2007) In vivo visualization of hyaluronic acid injection by high

spatial resolution T2 parametric magnetic resonance images. Skin

Res Technol 13:385–389

6. Glogau RG, Kane MA (2008) Effect of injection techniques on

the rate of local adverse events in patients implanted with

nonanimal hyaluronic acid gel dermal fillers. Dermatol Surg

34(Suppl 1):S105–S109

7. Honig JF, Brink U, Korabiowska M (2003) Severe granulomatous

allergic tissue reaction after hyaluronic acid injection in the

treatment of facial lines and its surgical correction. J Craniofac

Surg 14:197–200

8. Levy PM, De Boulle K, Raspaldo H (2009) Comparison of

injection comfort of a new category of cohesive hyaluronic acid

filler with preincorporated lidocaine and a hyaluronic acid filler

alone. Dermatol Surg 35 Suppl 1:332–336; discussion 337

9. Lupton JR, Alster TS (2000) Cutaneous hypersensitivity reaction

to injectable hyaluronic acid gel. Dermatol Surg 26:135–137

10. Narins RS, Brandt FS, Lorenc ZP, Maas CS, Monheit GD, Smith

SR, McIntyre S (2007) A randomized, multicenter study of the

safety and efficacy of Dermicol-P35 and non-animal-stabilized

hyaluronic acid gel for the correction of nasolabial folds. Der-

matol Surg 33 Suppl 2:S213–S221; discussion S221

11. Narins RS, Dayan SH, Brandt FS, Baldwin EK (2008) Persistence

and improvement of nasolabial fold correction with nonanimal-

stabilized hyaluronic acid 100,000 gel particles/mL filler on two

retreatment schedules: results up to 18 months on two retreatment

schedules. Dermatol Surg 34 Suppl 1:S2–S8; discussion S8

12. Nast A, Reytan N, Hartmann V, Pathirana D, Bachmann F,

Erdmann R, Rzany B (2011) Efficacy and durability of two

hyaluronic acid-based fillers in the correction of nasolabial folds:

results of a prospective, randomized, double-blind, actively

controlled clinical pilot study. Dermatol Surg 37:768–775

13. Rzany B, Bayerl C, Bodokh I, Boineau D, Dirschka T, Queille-

Roussel C, Sebastian M, Sommer B, Poncet M, Guennoun M,

Podda M (2011) Efficacy and safety of a new hyaluronic acid

dermal filler in the treatment of moderate nasolabial folds:

6-month interim results of a randomized, evaluator-blinded, intra-

individual comparison study. J Cosmet Laser Ther 13:107–112

14. Smith SR, Jones D, Thomas JA, Murphy DK, Beddingfield FC

3rd (2010) Duration of wrinkle correction following repeat

treatment with Juvederm hyaluronic acid fillers. Arch Dermatol

Res 302:757–762

Arch Dermatol Res (2016) 308:145–151 151

123



Copyright of Archives of Dermatological Research is the property of Springer Science &
Business Media B.V. and its content may not be copied or emailed to multiple sites or posted
to a listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.


	Clinical comparison between two hyaluronic acid-derived fillers in the treatment of nasolabial folds in Chinese subjects: BioHyalux versus Restylane
	Abstract
	Introduction
	Methods
	Materials
	Subjects
	Intervention
	Outcome measures
	Safety
	Statistical analysis

	Results
	Demographic characteristics
	Efficacy
	Baseline
	Amount of filler
	Response rates based on investigators’ WSRS
	Response rates based on subjects’ WSRS
	Response rates based on subjects’ GAIS
	Safety


	Discussion
	Acknowledgments
	References


