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Abstract

Introduction: In the past years, fractional radiofrequency (RF) systems have been popular skin rejuvenation and anti-aging
procedures for the treatment of wrinkles, scars and general facial enhancement associated with minimal down time and low
risk. These technologies were developed to serve as a viable alternative to the harsher more invasive treatments such as
ablative resurfacing lasers. The newest fractional RF technology to come to market is VoluDerm™ (VO). VO delivers energy
into the dermis by a matrix of micro-needles that penetrate the skin stimulating a controlled wound effect that promotes a
natural fractional healing process for dermal volume enhancement and skin resurfacing. This current article is a summary
evaluating the safety and effectiveness of the novel VO technology for collagen remodeling, skin volume enhancing and
wrinkle reduction.

Methods: Subjects underwent VO treatments for various aesthetic indications. Some of the subjects underwent a
pre-heating treatment with TriPollar radiofrequency prior to the VO as skin preparation for the VO phase of the treatment.

Results: Treatment photos demonstrated skin volume enhancement along with improvement of skin texture and
diminished appearance of wrinkles. No significant adverse effects were detected. Conclusion: VoluDerm is a safe and

effective micro-needle technology for dermal volumizing and treatment of wrinkles with minimal pain and no downtime.
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Abbreviations are used for skin rejuvenation, to improve the appearance

of facial wrinkles, acne scars and skin imperfections. These
RF: Radiofrequency; include non-ablative lasers, intense pulsed light (IPL) and
VO: VoluDerm; radiofrequency (RF) technologies such as bi-pollar and TriP-
HE: Hybrid Energy; ollar. These established technologies are widely used for var-
GAGs: Glycosaminoglycans; ious skin treatment indications via a thermal process leading
IPL: Intense Pulsed Light; CO2: Carbon Dioxide; to dermal collagen remodeling and are considered as having
Erbium YAG: Erbium: Yttrium—Aluminum-Garnets; a high safety profile and moderate clinical effect [1-8]. These
RFTZ: RF Thermal Zone; technologies have been clinically and histologically proven
H&E: Hematoxylin and Eosin for various treatments such as skin tightening, cellulite and

circumferential reduction, and wrinkle treatment.

Introduction
Other technologies using invasive skin resurfacing proce-

A wide variety of non-surgical, non-invasive techniques dures include ablative resurfacing lasers such as carbon
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dioxide (CO2) lasers and erbium:yttrium--aluminum--garnets
(Erbium YAG). These procedures were found to be associated
with significant downtime and a relatively high risk of side
effects [9-12], especially on dark and Asian skin types.

A growing demand for new procedures that delivered visible
clinical improvement with reduced downtime and lower risk
led to the development of fractional lasers [13-15]. Instead of
treating an entire skin area, these lasers treated a matrix of
small “islets” of tissue, leaving intact the skin between these
islets. Healing was initiated from the intact skin areas resulting
in reduced downtime and reduced complications.

There has been an introduction of new fractional RF systems
into the market that use controlled fractional skin resurfacing
by employing a matrix of miniature RF electrodes placed in
contact with the skin surface [16,17]. In addition to the epi-
dermal effect, fractional RF systems allow enhancement of the
dermal layer via volumetric heating thus leading to an effective
micro-ablative skin resurfacing and improved appearance of
wrinkles, fine lines and acne scars.

The effect of a fractional RF applicator (Matrix™ RF by
Syneron) for skin rejuvenation and wrinkle reduction was
evaluated by Hruza et al.[16]. Their histological findings,
immediately post-treatment, revealed demarcated zones of
ablation/coagulation/necrosis and sub necrosis up to a depth
of 450 micron. Higher energy levels generated deeper effects.
They concluded that RF fractional skin resurfacing results in a
safe, tolerable and effective improvement in skin texture and
reduction of wrinkles.

In another study the clinical effect of the TriFractional™
RF technology from Pollogen Ltd. for micro-ablative skin
resurfacing and the treatment of wrinkles was demonstrated
[17]. RF is delivered sequentially between pin electrodes and
large electrodes which surround the pin matrix. Due to this
design, relatively high RF current densities are formed in the
tissue under each pin electrode, resulting in localized frac-
tional micro-wounds in the epidermis where there is direct
contact with the electrodes, while heat is delivered deeper into
the dermis. This fractional manner of energy delivery leaves
intact zones in between the targeted areas which serve as a
reservoir of healthy cells to promote faster, more effective
wound healing. TriFractional treatments lead to controlled
epidermal micro-ablation and concomitant dermal remod-
eling. This technology provides a safe, tolerable and effective
treatment for facial wrinkles and acne scars.

Devices employing minimally invasive bipolar micro-needle RF
electrodes, introduced percutaneously, were also introduced
in to the market and gained success in the minimally invasive
treatment of wrinkles and skin laxity [18-20]. Studies revealed
that such treatments induced an active dermal remodeling

process, including neoelastogenesis and neocollagenesis with
an intact epidermal layer.

The first micro-needle technology Hybrid Energy™ (HE)
from Pollogen Ltd., deploys a combination of RF and galvanic
energy delivered through the micro-needles into the dermis. A
recently published article by Boisnic and Branchet [21], used
histological analysis of skin samples treated ex vivo with the
Hybrid Energy technology, to evaluate the safety and efficacy
of the HE technology. The effect of this treatment was evaluat-
ed by skin morphological evaluation and quantitative analysis
using assays of collagen fibers, elastin and glycosaminoglycans
(GAGs), reflecting hyaluronic acid content, in addition to epi-
dermal mitotic index evaluation. Histology results demonstrat-
ed immediate and long term HE effects on both epidermal and
dermal skin layers with a direct correlation between the treat-
ment parameters and treatment effect. Biochemical assays
demonstrated a significant increase of the epidermal mitotic
index, significant dermal collagen and a significant increase
of glycosaminoglycans (GAGs), reflecting increase of the ma-
jor GAG hyaluronic acid, typical of the wound healing and skin
renewal processes.

The VoluDerm technology and the Hybrid Energy technologies
share the same micro-needle tip including the unique smart RF
assisted penetration method.

The current evaluation was intended to study the safety and
efficacy of the novel VoluDerm micro-needle technology alone
or in combination with TriPollar skin pre heating for skin
volume enhancement and treatment of lax skin and wrinkles.

Materials and Methods
The Pollogen Legend (Figure 1) is a new platform composed

of a main unit and four applicators: the novel VoluDerm (VO)
applicator and three TriPollar RF applicators.

Figure 1. The Pollogen Legend Device
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The VoluDerm Applicator

The disposable tip, which is placed on the skin of the target
area, is attached to the distal end of the VO applicator (Figure
2). The tip is composed of an array of 36 micro-needles which
penetrate the treated area in an innovative unique manner
enabling efficient, uniform and homogenous penetration. The
technology deploys a sophisticated RF assisted micro-needle
penetration method, resulting in a safe, effective and virtually
painless treatment. The VO application provides a dual effect,
both on the dermal and epidermal layers of the skin with a
major impact in the dermis. The micro wounds are surrounded
by healthy unaffected zones which function as healing centers,
promoting effective neocollagenesis and skin renewal.

Figure 2. VoluDerm applicator and Gen 36 disposable tip
The VO combined clinical outcome is composed of mild epidermal
resurfacing, reinforced by deep dermal volume enhancement.

The TriPollar RF Applicators

TriPollar technology uses three or more electrodes designed
to deliver non-invasive RF current into the skin, inducing a fo-
cused high density power field between the poles while using
low power consumption. The high density power field in the
treatment area, results in heat generation in the dermal and
subcutaneous layers. Selective and focused electro-heating of
the skin is intended to stimulate collagen remodeling in the
dermal layer enabling a noninvasive wrinkle reduction. The
safety and efficacy of the TriPollar technology for treatment
of wrinkles was previously evaluated using the Apollo system.
The data reported in this study demonstrates that the TriPol-
lar system offers a safe and effective non-invasive method to
improve the appearance of age related rhytides and wrinkles.
The Pollogen Legend system has an advanced, user friendly
touch screen with pre-programmed default parameters. The
VO default Low, Medium and High treatment programs can be
easily adjusted and custom tailored according to specific pa-
tient needs.

Clinical Evaluation

An initial evaluation was conducted treating healthy
volunteers for various aesthetic indications such as wrinkle
reduction, skin firming and rejuvenating, facial contouring and
neck treatment.

All subjects signed an Informed Consent before treatment.
Typical treatment protocol included 5 treatments; 3 treat-
ments performed once a week and an additional 2 treatments
spaced 2-3 weeks apart.

Subjects were photographed at baseline, after the first
treatment and before each following treatment.

The face was thoroughly cleaned and dried before treatment.
Treatment was conducted according to the instructions in the
device user manual. The VO treatment parameters for each
subject were defined according to the area being treated and
the severity of the skin condition. VO applicator was placed
vertically on the skin with slight pressure to ensure optimal
contact.

Clinical experience from VO treatments, performed at Gar-
dens Dermatology center,; included a combination treatment of
TriPollar RF and VO micro-needles. The TriPollar RF treatment
was administered prior to the VO treatment. During the first
visit, if patients had no previous RF treatments, subjects were
treated with TriPollar RF followed by a treatment with Low
level VO parameters, in order to assess the subject’s individ-
ual tolerance and skin response. If the subjects had TriPollar
RF treatments in the past, after the TriPollar RF pre-heating,
medium levels of VO were used on the first treatment and high
level parameters were used in following treatments according
to skin tolerance.

Typically, immediately after treatment, a slight erythema and
edema appeared, peaked about 30 minutes post treatment and
lasted for a few hours. A matrix of tiny crusts, in the pattern
of the micro-needle tip configuration, occasionally appeared
1 to 2 days post treatment and lasted 3 days to one week,
depending on the skin characteristics and treatment param-
eters. Patients could apply make-up one day post treatment
to conceal the tiny crusts, if they appeared. Subjects were
requested to avoid scrubbing or scratching the treated
area and to use sun screen continuously to avoid risk of
pigmentary change.

Results and Discussion
Results

The results of the VO treatments demonstrated significant
dermal volume enhancement, reduction of wrinkles including
naso-labial folds, perioral and periorbital lines. Improvement
of neck skin laxity and skin texture, were manifested by radi-
ant skin, smaller pores and general volume increase.

No significant side effects were experienced by the subjects.
There were cases that edema or erythema lasted longer than
expected typically, depending on individual factors such as pa-
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tient skin condition or sensitivity. Treatment was well toler-
ated; pain was none to minimal with no downtime and with
minimal crust appearance. Typically, treatment with the VO
technology was not associated with skin bleeding in areas of
micro-needle puncture.

Treatment was characterized by a homogeneous skin reaction
and complete area coverage was achieved with all parameters.
Progress of results was correlated to the number of treat-
ments. In cases of increased levels of skin imperfections, higher
treatment parameters and/or more passes were used.

In cases of subjects treated with the TriPollar RF technology
prior to the VO treatment, an enhanced response of erythema
and edema was observed with no abnormalities.

Figures 3 - 6 demonstrate samples of treatment clinical results
through photographic images.

Figure 3. Patient treated with VO technology (with TriPollar preheat-
ing).

Left - Before; Right - After 5 treatments.

Note impressive improvement of skin texture and facial contouring.

Figure 4. Patient treated with VO technology (with TriPollar
preheating).

Left - Before; Right - After 5 treatments.

Improvement of skin texture is noticed. A significant volumizing
is visible in cheek area along with a noticeable reduction of the
naso-labial folds.

Figure 5. Patient treated with VO technology (with TriPollar
preheating).

Left - Before; Right - After 1 treatment.

Note improvement of neck skin laxity and wrinkles after 1 treatment.

Figure 6. Patient treated with VO technology (with TriPollar
preheating).

Left - Before; Right - After 5 treatments.

Improvement of fine lines and volumizing effect is noticed.

Discussion

The popularity of RF micro-needle systems is rising due to the
safe and effective manner of the treatment which provides a
reasonable alternative to invasive antiaging treatments.

Hantash et al [18] reported that a fractional bi polar
micro-needle device (Renesis™, Primaeva Medical Inc. Ca.)
was an option for treatment of skin laxity and wrinkles. In
their study, treatments were performed on patients prior to
their scheduled abdominoplasty at different time intervals.
Histological evaluation of the treated tissue demonstrated
a wound healing response. The fractional RF treatment
generated an RF thermal zone (RFTZ) pattern in the retic-
ular dermis that consisted of zones of denatured collagen
separated by zones of spared dermis. Authors reported an
increase in reticular dermal volume, cellularity, hyaluron-
ic acid, and elastin content. They concluded that a vigor-
ous wound healing response is initiated post fractional RF
treatment, with progressive increase in inflammatory cell
infiltration from day 2 through 10 weeks.
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Another published clinical study presented results of
Primaeva micro-needle RF treatment compared to surgical
facelift for treatment of facial skin laxity [19]. Baseline and
follow-up digital photographs of patients undergoing
micro-needles treatments were randomly mixed with sets
of baseline and follow-up images of patients, with the same 1
evel of baseline facial laxity that underwent a surgical
face-lift. Patient satisfaction and adverse events were also
evaluated.

Patients in both treatment groups demonstrated a statistical-
ly significant improvement in facial laxity, with a mean grade
improvement of 1.20 for patients in the surgical face-lift group
and of 0.44 for micro-needles-treated patients (P <.001). All
participants in the micro-needles treatment group experi-
enced transient erythema, mild edema, and mild to moderate
purpura thatresolved in 5 to 10 days. They returned to normal
activities within 24 hours. There were no adverse events or
complications in the micro-needle treated group. All patients
in the surgical face-lift group experienced scarring at surgical
margins, erythema, edema, and ecchymosis, and returned to
normal activities at 7 to 10 days. The authors concluded that
minimally invasive micro-needles RF treatment may provide
a valid nonsurgical option for the treatment of facial skin
laxity, without the adverse effects and complications of
surgical procedures.

In a different pilot clinical study [20] using the same fractional
RF micro-needle device, various pulse durations (between 1
and 25ms), and lesion temperatures between 60 and 80 Co,
were tested in vivo on 15 human subjects. Histology assess-
ment of the thermal effects, were performed using specific
staining. Treatment effects and adverse events were also mon-
itored clinically. Histological staining revealed the presence
of denatured collagen zones within the reticular dermis. A
fractional pattern of lesions separated by zones of unaffect-
ed tissue were demonstrated. No major adverse events were
observed.

An article presenting in vivo histological evaluation of the
VO technology was recently accepted for publication [22].
Treatments were performed on two domestic pigs with the
VoluDerm applicator, using disposable tips. A treatment was
performed on the 1st day of the study and the animals were
kept in standard husbandry until the next treatment time
points - 4th, 7th, and 14th day of the study. On the last day
(day 14), specimens were obtained after the last treatment
and biopsies were taken from treated areas. The treatment
performed on day 14, reflected immediate treatment re-
sults and the treatment performed on the first day, reflected
skin condition 14 days after treatment. Treatments were
performed using different energy settings at each time point.

Histologies demonstrated the RF micro-needles treatment

impact in the dermal and epidermal layers with a normal
healing process. These observations indicated a fractional
treatment pattern, with healthy intact islets in between affect-
ed areas. A complete healing was demonstrated within 14 days
for all treatment power levels, with normal skin appearing
in previously coagulated zones. Figure 7 demonstrates the
immediate treatment effect on Day 0(D0) and the healing
process, following use at Low treatment level. On DO, areas
of epidermal necrosis, crust and sub-epidermal coagulative
necrosis in the papillary and upper reticular dermis are
demonstrated. On D4, areas of partial epidermal necrosis,
subepidermal coagulative necrosis with mild lymphocytic
infiltrate. On D7, healing process with regenerated epider-
mis, coagulative change in the papillary dermis and mild
lymphocytic infiltrate.

On D14, skin is showing regenerated epidermis and a healed
wound.

DO D4

D7

D14

Figure 7. Histology samples of various time points after treatment
(DO - immediately, D4 - Day 4, D7 - Day 7, D14 - Day 14) showing
progression of morphology characteristics following VO treatment.
(H&E stain, magnificationx20). (Photos courtesy of Pollogen).

These morphological findings clearly support the safety, the
normal healing process and the significant impact of dermal
enhancement in healed area of the VO fractional micro-needle
treatment. The histology samples demonstrated a fractional
modality of treatment zones with unaffected zones between
wounds.

These morphological findings clearly support the safety, the
normal healing process and the significant impact of dermal
enhancement in healed area of the VO fractional micro-needle
treatment. The histology samples demonstrated a fractional
modality of treatment zones with unaffected zones between
wounds.

The current clinical evaluation supports the safety and effica-
cy performance of the VoluDerm technology using intelligent
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RF assisted micro-needle penetration to deliver the desired
thermal effect in the dermis with minimal pain and no down-
time.

VO clinical results demonstrate skin texture improvement,
volumizing effects and improved wrinkle appearance.
Impressive clinical results are achieved on the neck area
probably since the tissue is very thin above the very
superficial muscle making the effect more noticeable. The
neck area is very difficult to improve using other com-
mon methods. Therefore, the added value of the VoluDerm
technology is highly significant in the neck area.

Pollogen’s TriPollar RF technology, available with the Legend
device, is a well-established 3rd generation noninvasive ra-
diofrequency treatment for treatment of wrinkles and rhytides
[5-8].

Combining treatment of VO and TriPollar provides an effective
method for enhancing dermal structure improvement and for
treatment of wrinkles and rhytides. Preheating the tissue, us-
ing the TriPollar technology, prior to a VO treatment, enhances
the VO treatment effect as the vasodilatation induced by the
preheating may enhance the wound healing process immedi-
ately post the VO treatment. In addition, alternating weekly
TriPollar and VO treatments may be an effective protocol for
optimal dermal enhancement. In such cases, a treatment pro-
tocol can be custom tailored according to the specific dermal
or epidermal specific indications.

Clinically, the ability to provide enough tissue tightening to
reduce the naso-labial folds is significant. In addition, reduc-
ing the marionette lines and improving the angle of the corner
of the mouth at the same time are beyond what early RF de-
vices could consistently achieve. Once collagen is tightened, a
clinical expectation would be improvement in texture with
reduction of pore size. To see a reduction in the naso-labial
folds, marionette lines, and corner of the mouth with a non-in-
vasive procedure brings this next generation of RF devices
one step closer to the optimum goal of a facelift. Improvement
in volumization simultaneously with tissue tightening gives
both the superficial and deep improvement necessary for
RF to take the next step.

Conclusion

The novel VoluDerm micro-needle technology is a safe and
effective treatment for wrinkles, skin tightening, volumizing,
texture improvement and natural looking skin enhancement in
facial and neck areas with negligible side effects, minimal pain,
and quick visual healing.

Acknowledgements

Pollogen system and consumables were supplied by the
company.

Conflict of Interest
The author reports no conflicts of interest.
References

1. Goldman P, Fitzpatrick E: Cutaneous Laser Surgery - the art
and science of selective photothermolysis page 377, Mosby
1999.

2. Sadick N, Sorhaindo L. The radiofrequency frontier: a
review of radiofrequency and combined radiofrequency
pulsed light technology in aesthetic medicine. Facial Plast
Surg. 2005, 21(2): 131-138.

3. Gold MH. Tissue tightening: a hot topic utilizing deep
dermal heating. ] Drugs Dermatol. 2007, 6(12): 1238-1242.

4. Alster TS, Lupton JR. Nonablative cutaneous remodeling
using radiofrequency devices. Clin Dermatol. 2007, 25(5):
487-491.

5. Kaplan H, Gat A. Clinical and histopathological results
following TriPollar radiofrequency skin treatments. ] Cosmet
Laser Ther. 2009, 11(2): 78-84.

6. Boisnic S, Branchet MC. Ex vivo human skin evaluation
of localized fat reduction and anti-aging effect by TriPollar
radio frequency treatments. ] Cosmet Laser Ther. 2010,
12(1): 25-31.

7. Levenberg A. Clinical experience with a TriPollar
radiofrequency system for facial and body aesthetic
treatments. Eur ] Dermatol. 2010, 20(5): 615-619.

8. Shapiro SD, Eros Y, Abrahami Y, Leviav A. Evaluation of
safety and efficacy of the TriPollar technology for treatment of
wrinkles. Las Surg Med. 2012, 44(6): 453-458.

9. Spadoni D, Cain CL. Facial resurfacing. Using the carbon
dioxide laser. AORN J. 1989, 50(5): 1007,1009-1013.

10. Weinstein C. Ultrapulse carbon dioxide laser removal of
periocular wrinkles in association with laser blepharoplasty. |
Clin Laser Med Surg. 1994;12(4): 205-209.

11. Waldorf HA, Kauvar AN, Geronemus RG. Skin resurfacing
of fine to deep rhytides using a char-free carbon dioxide laser
in 47 patients. Dermatol Surg. 1995, 21(11): 940-946.

Cite this article: Steven D. Voluderm Micro-Needle Technology for Treating Skin Laxity and Wrinkles-Initial Clinical Experience. ] ] Exper Derm. 2015, 1(1): 006.


http://www.amazon.in/Cutaneous-Laser-Surgery-Selective-Photothermolysis/dp/0815136102
http://www.amazon.in/Cutaneous-Laser-Surgery-Selective-Photothermolysis/dp/0815136102
http://www.amazon.in/Cutaneous-Laser-Surgery-Selective-Photothermolysis/dp/0815136102
http://www.ncbi.nlm.nih.gov/pubmed/16049892
http://www.ncbi.nlm.nih.gov/pubmed/16049892
http://www.ncbi.nlm.nih.gov/pubmed/16049892
http://www.ncbi.nlm.nih.gov/pubmed/16049892
http://www.ncbi.nlm.nih.gov/pubmed/18189066
http://www.ncbi.nlm.nih.gov/pubmed/18189066
http://www.ncbi.nlm.nih.gov/pubmed/17870527
http://www.ncbi.nlm.nih.gov/pubmed/17870527
http://www.ncbi.nlm.nih.gov/pubmed/17870527
http://www.ncbi.nlm.nih.gov/pubmed/19408182
http://www.ncbi.nlm.nih.gov/pubmed/19408182
http://www.ncbi.nlm.nih.gov/pubmed/19408182
http://www.ncbi.nlm.nih.gov/pubmed/19951186
http://www.ncbi.nlm.nih.gov/pubmed/19951186
http://www.ncbi.nlm.nih.gov/pubmed/19951186
http://www.ncbi.nlm.nih.gov/pubmed/19951186
http://www.ncbi.nlm.nih.gov/pubmed/20627852
http://www.ncbi.nlm.nih.gov/pubmed/20627852
http://www.ncbi.nlm.nih.gov/pubmed/20627852
http://www.ncbi.nlm.nih.gov/pubmed/22806630
http://www.ncbi.nlm.nih.gov/pubmed/22806630
http://www.ncbi.nlm.nih.gov/pubmed/22806630
http://www.ncbi.nlm.nih.gov/pubmed/2817869
http://www.ncbi.nlm.nih.gov/pubmed/2817869
http://www.ncbi.nlm.nih.gov/pubmed/10147479
http://www.ncbi.nlm.nih.gov/pubmed/10147479
http://www.ncbi.nlm.nih.gov/pubmed/10147479
http://www.ncbi.nlm.nih.gov/pubmed/7582831
http://www.ncbi.nlm.nih.gov/pubmed/7582831
http://www.ncbi.nlm.nih.gov/pubmed/7582831

Jacobs Publishers

7

12. Teikemeier G, Goldberg DJ. Skin resurfacing with the
erbium:YAG laser. Dermatol Surg. 1997, 23(8): 685--687.

13. Manstein D, Herron GS, Sink RK, Tanner H, Anderson RR.
Fractional photothermolysis: a new concept for cutaneous
remodeling using microscopic patterns of thermal injury.
Lasers Surg Med. 2004, 34(5): 426-438.

14. Laubach HJ, Tannous Z, Anderson RR, Manstein D. Skin
responses to fractional photothermolysis. Lasers Surg Med.
2006, 38(2): 142-149.

15. Tierney EP, Eisen RF, Hanke CW. Fractionated CO2 laser
skin rejuvenation. Dermatol Ther. 2011, 24(1): 41-53.

16. Hruza G, Taub AF, Collier SL, Mulholland SR. Skin
rejuvenation and wrinkle reduction using a fractional
radiofrequency system. ] Drugs Dermatol. 2009, 8(3):
259-265.

17. Gold MH, Adelglass ]. Evaluation of Safety and Efficacy
of the TriFractional RF technology for treatment of facial
wrinkles. Journal of Cosmetic and laser Therapy. 2014. 16(1):
2-7.

18. Hantash BM, Ubeid AA, Chang H, Kafi R, Renton B. Bipolar
fractional radiofrequency treatment induces neoelastogenesis
and neocollagenesis. Lasers Surg Med. 2009, 41(1): 1-9.

19. Alexiades-Armenakas M, Rosenberg D, Renton B, Dover
J, Arndt K. Blinded, randomized, quantitative grading
comparison of minimally invasive, fractional radiofrequency
and surgical face-lift to treat skin laxity. Arch Dermatol 2010,
146(4): 396-405.

20. Hantash BM, Renton B, Berkowitz RL, Stridde BC,
Newman ]J. Pilot clinical study of a novel minimally invasive

bipolar micro-needle radiofrequency device. Lasers Surg Med.
2009, 41(2): 87-95.

21. Boisnic S, Branchet MC. Ex vivo study of hybrid energy
technology using a human skin model. Eur | Dermatol. 2014,
24 (1): 46-52.

22. Gershonowitz A, Gat A. VoluDerm Microneedle Technology
for Skin Treatments - In Vivo Histological Evidence. Journal of
Cosmetic and laser Therapy. 2014, 25: 1-6.

Cite this article: Steven D. Voluderm Micro-Needle Technology for Treating Skin Laxity and Wrinkles-Initial Clinical Experience. ] ] Exper Derm. 2015, 1(1): 006.


http://www.ncbi.nlm.nih.gov/pubmed/9256915
http://www.ncbi.nlm.nih.gov/pubmed/9256915
http://www.ncbi.nlm.nih.gov/pubmed/15216537
http://www.ncbi.nlm.nih.gov/pubmed/15216537
http://www.ncbi.nlm.nih.gov/pubmed/15216537
http://www.ncbi.nlm.nih.gov/pubmed/15216537
http://www.ncbi.nlm.nih.gov/pubmed/16392146
http://www.ncbi.nlm.nih.gov/pubmed/16392146
http://www.ncbi.nlm.nih.gov/pubmed/16392146
http://www.ncbi.nlm.nih.gov/pubmed/21276157
http://www.ncbi.nlm.nih.gov/pubmed/21276157
http://www.ncbi.nlm.nih.gov/pubmed/19271373
http://www.ncbi.nlm.nih.gov/pubmed/19271373
http://www.ncbi.nlm.nih.gov/pubmed/19271373
http://www.ncbi.nlm.nih.gov/pubmed/19271373
http://www.ncbi.nlm.nih.gov/pubmed/24131069
http://www.ncbi.nlm.nih.gov/pubmed/24131069
http://www.ncbi.nlm.nih.gov/pubmed/24131069
http://www.ncbi.nlm.nih.gov/pubmed/24131069
http://www.ncbi.nlm.nih.gov/pubmed/19143021
http://www.ncbi.nlm.nih.gov/pubmed/19143021
http://www.ncbi.nlm.nih.gov/pubmed/19143021
http://www.ncbi.nlm.nih.gov/pubmed/20404228
http://www.ncbi.nlm.nih.gov/pubmed/20404228
http://www.ncbi.nlm.nih.gov/pubmed/20404228
http://www.ncbi.nlm.nih.gov/pubmed/20404228
http://www.ncbi.nlm.nih.gov/pubmed/20404228
http://www.ncbi.nlm.nih.gov/pubmed/19226570
http://www.ncbi.nlm.nih.gov/pubmed/19226570
http://www.ncbi.nlm.nih.gov/pubmed/19226570
http://www.ncbi.nlm.nih.gov/pubmed/19226570
http://www.ncbi.nlm.nih.gov/pubmed/24589470
http://www.ncbi.nlm.nih.gov/pubmed/24589470
http://www.ncbi.nlm.nih.gov/pubmed/24589470
http://www.ncbi.nlm.nih.gov/pubmed/25151912
http://www.ncbi.nlm.nih.gov/pubmed/25151912
http://www.ncbi.nlm.nih.gov/pubmed/25151912

