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Abstract
Background A myriad of technologies are available for the treatment of aging skin. These,
however, still lack the ability to combine immediate, short-term and long-term aesthetic
results with no downtime. Furthermore, the treatment of fine wrinkles on large surfaces
remains challenging, as does the treatment of delicate regions, such as the dorsal hand,
neck, and chest.
Objectives The aims of this study were to evaluate the short-term as well as the long-term
efficacy and safety of a new skin remodeling device that pneumatically accelerates a jet of
hyaluronic acid (HA) solution under high pressure into the dermis.
Methods Thirty-four participants at three clinical sites underwent treatments with the
Airgent device on the face, neck, chest, and dorsal hands for a total of 69 sites. Safety
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and efficacy were evaluated in short-term (1–3 months) and long-term follow-up (up to
18 months) by photography, by an independent reviewer and by participant self-evaluation.
Histology was assessed before and 4 months after the third treatment.
Results A total of 69 treatment areas were evaluable at 1–3 months follow-up. Photographic analysis demonstrated improvement in skin variables at all body sites treated.
Treatment of the face and neck reduced the mean Fitzpatrick–Goldman Wrinkle Classification score by 39.4 and 30.4%, respectively, representing a full wrinkle class improvement.
Treatments of the chest demonstrated significant visual improvement. Treatment of the
dorsal hands produced good overall improvement (OI), with good improvement of protruding veins. Overall improvement increased with increasing number of treatments. A total of
56 treatment areas were evaluable for long-term follow-up. Treatment of the face and neck
reduced the mean Fitzpatrick–Goldman Wrinkle Classification score by 27.6 and 21.2%,
respectively. Improvement after treatment of the face represented a full wrinkle class
reduction. Treatment of the chest and dorsal hands yielded significant visual improvement.
Overall, 80% of subjects were satisfied with the treatment outcome and would recommend
the treatment to friends and family. Histological analysis demonstrated increased dermal
collagen III.
Conclusions Pneumatic injection of HA under high pressure provides a safe, well-tolerated
and effective method for improving the appearance of wrinkles on the face, neck, chest,
and dorsal hands. Improvement can be seen as early as 1 month and as long as
18 months after treatment.

Introduction
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Wrinkles are the most prominent feature of the aging process and are the most difficult aspect to conceal. Chronological aging combined with photodamage leads to
reduced skin volume caused by the loss of collagen in the
dermis.1–3 A myriad of energy-based skin rejuvenation
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technologies, such as lasers, radiofrequency, IPL (intense
pulsed light), and photodynamic therapy, have been introduced and are aimed at triggering collagen remodeling in
response to controlled thermal damage of the dermal skin
layers.4–19 These technologies produce long-term effects,
but they may have limited immediate visible effects.
Immediate dermal thickening is more commonly achieved
ª 2010 The International Society of Dermatology
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by injection with dermal fillers.20–22 The main limitation
of injections is that the effects are confined to small skin
areas and focal defects.
Dermal fillers are thought to exert short- and long-term
effects via distinct mechanisms. The immediate and temporary volumizing effect of the injections is derived
directly from the introduction of volume, an effect that
persists in relation to the longevity of the filler in the dermis.23,24 Furthermore, injection of hyaluronic acid (HA)
into the dermis has been demonstrated to trigger changes
in the activity of fibroblasts in recipient skin, with a consequent increase in collagen synthesis; this has been touted as the reason for its long-lasting effect in dermal
thickening, which extends beyond the known longevity of
the dermal filler.25
We investigated a novel device which delivers an HA
solution into the dermis via pneumatic needleless
action.26 The parameters of the high-pressure injection
allow the focal introduction of the solution through the
epidermis.27 The mechanical properties of the dermis
cause the solution to be distributed laterally in a radial
fashion along the dermis, generating a field of approximately 1 cm in diameter in which the injected solution is
distributed (Fig. 1a). The high-impact delivery of HA
solution is proposed to effect two types of change in the
dermis. In the short-term, the volume of dermal filler
and its water-attracting effects produce immediate volume augmentation. In the longer term, the described
HA-induced effects on fibroblasts, as well as the possible
induction of a wound healing response by the mechanical micro-trauma of the pneumatic injection, are
expected to produce longer-lasting changes in the dermis
(Fig. 1a,b).
The use of the pneumatic acceleration of HA should
provide a well-tolerated method for treating larger areas
of skin, with minimal downtime and long-term improvement. We report short- and long-term clinical outcomes
using the new device in the treatment of the aging hands,
chest, neck, and face.

(a)

Dermatologic surgery

Materials and methods
Thirty-four participants with Fitzpatrick skin types I–IV and mild
to moderate skin aging underwent 1–4 treatments per body
area to evaluate the safety and efficacy of the Airgent system
(PerfAction Ltd, Rehovot, Israel). Participants were treated at
one or more body sites (Table 1), for a total of 69 treatment
areas. Most participants completed three or four treatments at
each site (1–4 treatments were performed on 2, 6, 44, and 17
participant sites, respectively). Informed consent was provided
before treatment. Mean participant age was 53.2 years (range:
43–63 years). Treatment areas included the dorsal hands (38
cases), chest (7 cases), neck (13 cases), and face (11 cases).
The study was conducted at three independent clinical sites.
Exclusion criteria included pregnancy, connective tissue
disease, history of herpes simplex in the treatment area,
active infection of the skin in the treatment area, use of
anticoagulants, clotting disorders, immunosuppressive therapy,
prolonged systemic steroid therapy, or a tendency for
hypertrophic scarring. Pre-treatment included cleaning the skin
with 70% isopropyl alcohol. A granular scrub was used for mild
exfoliation, after which a moisturizing cream was applied to
hydrate the epidermis. A lidocaine-based topical anesthetic
cream was applied for 30–40 min prior to treatment. At each
treatment session, the needleless pneumatic injections of
crossed-linked, non-animal, HA solution were delivered in a
grid-like distribution at 1 cm intervals to cover the treatment
area homogeneously; approximately 2 mg HA are deposited in
each 5 cm2 treatment area. Contact time at each injection site
was approximately 1 s. Treatments were performed at intervals
of 3–4 weeks. The treatment area was gently massaged
following treatment.
Short-term efficacy was evaluated 1–3 months after
treatment. Long-term effects were evaluated 3–18 months after
the conclusion of treatments. Prior to clinical studies,
histological analysis was performed in the forearm skin of one
participant, prior to treatment and at 4 months after the third
treatment. Clinical efficacy outcomes were assessed by
photographic analysis and by an independent medical reviewer.

(b)

Figure 1 (a, b) The Airgent system uses
a high-pressure jet to accelerate and
disperse hyaluronic acid laterally at a
controlled depth within the dermis
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Table 1 Participant demographics
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Short-term results

A total of 69 body areas were treated.
Face
n = 11

Neck
n = 13

Chest
n=7

Dorsal hands
n = 38

Mean age, years
56.6 ± 3.2 47.8 ± 6.8 51.1 ± 3.7 58.5 ± 4.4
Age range, years 48–61
43–63
47–55
48–63

Participant self-evaluation was also recorded. Before and after
photographic images of the neck and face were scored
according to the Fitzpatrick–Goldman classification of wrinkling
and degree of elastosis (Table 2). Overall improvement was
scored according to a predefined scale of 1–5 (0, worsening; 5,
outstanding visual improvement; Table 3). Photographs of the
dorsal hands were scored for improvement of protruding veins
and OI according to the OI scale. Photographs of the chest
were scored for OI according to the OI scale. Participant
satisfaction was assessed using a three-category scale
(unsatisfied, satisfied, very satisfied). Participants were also
asked if they would recommend the treatment to others.

Results
The procedure was well tolerated by all participants,
none of whom showed any serious adverse events. Immediately following treatment, the skin demonstrated focal
elevations at the injection sites; these were fully resorbed
within a few hours. The skin was then palpably thicker
and visually more homogeneous in all treatment areas.
Table 2 Fitzpatrick–Goldman classification of wrinkling and

degree of elastosis scale (1–9)
Class

Wrinkling

Score

Degree of elastosis

I

Fine wrinkles

1–3

Mild
Fine textural changes
with subtly accentuated
skin lines

II

Fine to moderate
depth wrinkles,
moderate number of lines

4–6

Moderate
Distinct papular elastosis

III

Fine to deep wrinkles,
numerous lines, with or
without redundant skin folds

7–9

Severe
Multi-papular and
confluent elastosis

Table 3 Protruding veins/overall improvement scale (OI

scale)
0
1
2
3
4
5

Worsening
No visual effect
Mild visual improvement
Good visual improvement
Significant visual improvement
Outstanding visual improvement
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Face
Eleven faces were treated. Figure 2 shows a representative result, with a notable reduction in facial wrinkles
after a single treatment session. The Fitzpatrick–Goldman wrinkle severity scale score was reduced from 3.9
to 2.2 (39.4%; P < 0.05), representing a drop of an
entire wrinkle class. The mean OI score was good (2.9;
P < 0.05).
Neck
Thirteen neck areas were treated. Figure 3 shows a representative result. The Fitzpatrick–Goldman wrinkle severity scale score was reduced from 3.7 to 2.7 (30.4%;
P < 0.05) representing a drop of an entire wrinkle class.
The mean OI was good (2.4; P < 0.05).
Chest
Seven chest areas were treated. Figure 4 shows a representative result. Significant visual improvement was
noticed following treatment (mean OI score 3.7;
P < 0.05).
Dorsal hands
A total of 38 hands were treated. Overall improvement
was good (mean OI score 2.8; P < 0.05). Improvement in
vein prominence was also good (mean 2.8; P < 0.05). Figure 5 shows a representative result with reduced skin
transparency and vein prominence.
Table 4 summarizes the results by treatment area,
including OI in all areas treated and Fitzpatrick–Goldman
scale scores for the neck and face.
Short-term participant satisfaction

Participants filled out a satisfaction questionnaire. Sixty
of 69 body areas were evaluable. Overall, 80% of participants reported that they were satisfied or very satisfied,
and 80% reported that they would recommend the treatment to others. After treatment of the face, 100% of participants (11/11) were very satisfied with results and
would recommend the procedure to friends and family.
The satisfaction and recommendation rates for treatment
of the chest and dorsal hands were approximately 80%.
The neck, which showed milder improvement in OI
scores, yielded lower but still positive satisfaction reports
(> 60%).
Long-term results

In total, 56 of 69 body areas were available for long-term
follow-up (3–18 months). Of the 56 body areas, 50
underwent three or four treatments. The results seen in
ª 2010 The International Society of Dermatology
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(a)

(b)

Figure 2 Central region of the cheek in
a 58-year-old woman at 1 month after
treatment 2. (a) Before treatment; (b)
after treatment

Before

(a)

After

(b)

Figure 3 Neck in a 51-year-old woman
at 1 month after treatment 2. (a) Before
treatment; (b) after treatment

Before

(a)

Figure 4 Chest in a 55-year-old woman,
before and 1 month after treatment 2.
(a) Before treatment; (b) after treatment
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After

(b)

Before

After

short-term evaluations persisted at long-term follow-up in
all body areas.

decrease (P < 0.05). The mean OI was good (3.1;
P < 0.05).

Face
Nine faces were treated. Figure 6 shows a representative
result, with a notable reduction in facial wrinkles. The
Fitzpatrick–Goldman wrinkle severity scale was reduced
from a baseline score of 4.3 to 3.1 (27.6%; P < 0.05),
representing a drop of an entire wrinkle class. The mean
OI score was significant (3.6; P < 0.05).

Chest
Five chest areas were treated. Figure 8 shows a representative result. Significant visual improvement was noticed
(mean OI score 3.3; P < 0.05).

Neck
Seven neck areas were treated. Figure 7 shows a representative result. The Fitzpatrick–Goldman wrinkle severity
score was reduced from a baseline score of 3.9 to a longterm follow-up score of 3.0, representing a 21.2%
ª 2010 The International Society of Dermatology

Dorsal hands
A total of 35 hands were treated. Overall improvement
was significant (mean 3.6; P < 0.05). Improvement in vein
prominence was good (mean 2.7; P < 0.05). Figure 9
shows a representative result with reduced skin transparency and vein prominence.
Table 5 summarizes the long-term results by treatment
site, along with the OI for all treatment sites and the
International Journal of Dermatology 2010, 49, 1432–1439
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(a)

Before

(b)

After

Figure 5 Dorsal hands in a 55-year-old woman, before and 1 month after treatment 2. (a) Before treatment; (b) after treatment

Table 4 Short-term results by treatment area
Fitzpatrick–Goldman
scale
Number Overall
of casesa improvement
Face
Neck
Chest
Dorsal
hands

11
13
7
38

Change
Vein
prominence Beforeb After (%)

3.9
Good (2.9)c
3.8
Mild (2.4)c
Significant (3.7)c
Good (2.8)c
Good (2.8)c

2.2c )39.4
2.7c )30.4

a

Number of cases per area treated; some participants were
treated on more than one body site; bMean ‘‘before’’ Fitzpatrick–Goldman scale scores were calculated for participants
who completed the follow-up; cP < 0.05.

improvement in Fitzpatrick–Goldman scale scores for the
face and neck.
Histological analysis

Histological analysis was performed in one volunteer.
Biopsy specimens were obtained from treated and
untreated skin of the forearm in a 39-year-old male
4 months after the third treatment. Comparison of the
treated and untreated skin shows increased levels of collagen III in treated skin, confirmed by reticulin staining
International Journal of Dermatology 2010, 49, 1432–1439

(Fig. 10). The finding of increased collagen at 4 months
after treatment supports the proposed mechanism of stimulation of neocollagenesis.
Adverse effects were mild and transient. Pinpoint bleeding, transient erythema, mild and transient edema, and
focal tenderness were common and resolved within 24 h.
A single case of focal post-inflammatory hyperpigmentation was reported. This case resolved almost completely
within 6 months and completely within 12 months.
Discussion
Non-surgical rejuvenation of aging skin is expanding to
‘‘off-the-face’’ treatments to improve the appearance of
aging skin in all visible areas. Laser and radiofrequency
devices have been demonstrated to induce collagen
remodeling and new collagen formation, both by thermal
stimulation and in concert with a dermal wound healing
response. Dermal fillers, such as HA, also induce neocollagenesis. The Airgent system was designed to combine
the benefits of HA injections with those of mild dermal
wound healing. The pneumatic delivery of the HA causes
focal dermal trauma, and the needleless delivery mechanism improves the ability to treat extended planes of skin.
The device is commercially available in North America,
Europe, and Asia.
This study assessed the safety and efficacy of highpressure, pneumatic, needleless injections on the face,
ª 2010 The International Society of Dermatology
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(a)

(b)

Figure 6 Central region of the cheek in
the 58-year-old woman shown in Fig. 2,
at 8 months after treatment 4. (a) Before
treatment; (b) after treatment

Before

(a)

After

(b)

Figure 7 Neck in a 55-year-old woman
at 18 months after treatment 2. (a)
Before treatment; (b) after treatment

Before

After

(a)

(b)

Figure 8 Chest in a 47-year-old woman,
before and 8 months after treatment 3.
(a) Before treatment; (b) after treatment

Before

(a)

Figure 9 Dorsal hands in a 50-year-old
woman, before and 5 months after treatment 4. (a) Before treatment; (b) after
treatment

After

(b)

Before

neck, chest, and dorsal hands. These areas are often
sun-damaged and are not very well addressed by current
filler-based technologies. The data demonstrate significant
ª 2010 The International Society of Dermatology
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After

short-term improvement, particularly on the face and
neck, on which treatment reduced the mean Fitzpatrick–
Goldman scale score by 30% in short-term evaluation
International Journal of Dermatology 2010, 49, 1432–1439
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Table 5 Long-term results (up to 18 months) by treatment

area
Fitzpatrick–Goldman
scale
Number Overall
of casesa improvement
Face
Neck
Chest
Dorsal
hands

9
7
5
35

Change
Vein
prominence Beforeb After (%)

4.3
Significant (3.6)c
Good (3.1)c
3.9
Significant (3.6)c
Good (3.3)c
Good (2.7)c

3.1c )27.6d
3.0c )21.2d

a

Number of cases per area treated; some participants were
treated on more than one body area; bMean ‘‘before’’ Fitzpatrick–Goldman scale scores were calculated for participants
who completed the follow-up; cP < 0.05; d.
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and by 21% in long-term evaluation (up to 18 months).
Treatment of the dorsal hands and chest, for which there
are no well-established treatments, showed good visible
results and elicited high levels of satisfaction. The overall
patient satisfaction rate of over 80% demonstrates the
tolerability and effectiveness of the treatments.
Conclusions
Based on the results of this study, high-pressure, pneumatic, needleless injection of HA solution appears to be
safe and effective for short- and long-term skin rejuvenation. The procedure can be performed on numerous body
areas, particularly on the dorsal hands, chest, neck, and
face. The low downtime and prolonged improvement provide an attractive treatment option for dermal restoration.
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