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Abstract

Needle-free jet injectors are used for the intralesional treatment of various dermatological indications. However, a systematic
review that evaluates the efficacy and safety of these treatments has not been published. The objectives of this study are to
evaluate the efficacy and safety of needle-free jet injections for dermatological indications and to provide evidence-based
treatment recommendations. An electronic literature search was conducted in April 2022. Two reviewers independently
selected studies based on predefined criteria and performed a methodological quality assessment using the Cochrane Col-
laborations risk-of-bias 2.0 assessment tool and Newcastle-Ottawa Scale. Thirty-seven articles were included, involving
1911 participants. Dermatological indications included scars, alopecia areata, hyperhidrosis, nail diseases, non-melanoma
skin cancer, common warts, local anesthesia, and aesthetic indications. Keloids and other types of scars (hypertrophic,
atrophic, and burn scars) were investigated most frequently (n=7). The included studies reported favorable efficacy and
safety outcomes for intralesional jet injector-assisted treatment with triamcinolone acetonide/hexacetonide, 5-fluorouracil,
bleomycin, or hyaluronic acid. Two high-quality studies showed good efficacy and tolerability of intralesional jet injections
with a combination of 5-fluorouracil and triamcinolone acetonide in hypertrophic scars and with saline in boxcar and rolling
acne scars. No serious adverse reactions and good tolerability were reported in the included studies. Overall, the methodo-
logical quality of the included studies was low. Limited evidence suggests that needle-free jet injector-assisted intralesional
treatment is efficacious and safe for hypertrophic and atrophic acne scars. More well-powered RCTs investigating the efficacy
and safety of jet injector treatment in dermatology are warranted to make further evidence-based recommendations.
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Abbreviations PDT Photodynamic therapy
5-ALA 5-Aminolevulinic acid PRISMA Preferred Reporting Items for Systematic
BCC Basal cell carcinoma Reviews and Meta-analyses
CCTs Controlled clinical trial PROSPERO International Prospective Register of Sys-
DClIs Disposable cartridge jet injectors tematic Reviews
GAIS Global Aesthetic Improvement Scale RCTs Randomized controlled trial
HDSS Hyperhidrosis disease severity scale ROB Risk of bias tool
MB Morbus Bowen Robvis Risk of bias visualization
MUNIIs Multi-use nozzle jet injectors SCC Squamous cell carcinoma
NAPSI Nail Psoriasis Severity Index TCA Triamcinolone acetonide
NOS Newcastle Ottawa Scale
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iontophoresis, sonophoresis, and various types of mechani-
cal and energy-based jet injectors [3-5].

Jet injectors are commonly used for the intralesional treat-
ment of several dermatological conditions such as keloids,
hypertrophic scars, and recalcitrant viral warts [6, 7]. Tra-
ditional mechanical jet injectors act with a fixed pressure
predetermined by spring size [8]. Innovative electronically
controlled pneumatic jet injectors are devices in which vol-
ume and pressure can be controlled by accelerated and com-
pressed gas as pressure source, which dispense fluids into
the skin [7, 9]. Other types of jet injectors are controlled by
Lorentz or piezoelectric actuators, lasers, and shockwaves
to pressurize the injected drug [10].

In contemporary healthcare, we are moving towards more
patient-centered care. It is important to improve patient com-
fort and avoid physical or psychological harm as much as
possible. According to a previous study, 63% of children and
24% of the adult population in the USA fear needles [11].
This is one of the reasons why jet injectors can be a viable
alternative for conventional needles.

Needle-free jet injectors can be an attractive alternative
for hypodermic needles for patients experiencing needle
phobia, minimize treatment-related pain, and are free of risk
for needlestick injuries and cross-contamination. Addition-
ally, jet injectors enable accurate and reproducible dermal
delivery of liquid drugs and disperse the drug more evenly
in the skin than conventional needle injections [7, 9, 12, 13].

At present, there are a few overviews and narrative
reviews describing the use of jet injector-assisted intral-
esional treatment for different dermatological indications
[7, 10, 12, 14]. However, a systematic and critical review
that evaluates the efficacy and safety of jet injector-assisted
intralesional treatment in dermatology is lacking. In this
review, we aimed to systematically review and evaluate
the quality of clinical evidence for intralesional treatment
of dermatological indications using needle-free jet injector
systems and provide evidence-based recommendations for
clinical practice.

Materials and methods

A literature search was conducted in April 2022 using
Embase, MEDLINE ALL Ovid, Web of Science, and
Cochrane Central Register of Controlled Trials databases,
to identify relevant publications. This systematic review was
registered in the PROSPERO (CRD42021258278) and fol-
lowed the Preferred Reporting Items for the PRISMA 2020
checklist [15].

Studies were included if they were human studies, written
in English, published from inception to April 2022, rand-
omized controlled trials (RCTs), controlled clinical trials
(CCTs), prospective or retrospective cohort studies, and case
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series and included patients of all ages with dermatological
indications eligible for intralesional treatment using needle-
free jet injectors. Exclusion criteria included studies with
fewer than 10 patients and intramuscular or subcutaneous
drug delivery.

Selection of the articles, standardized data extraction, and
methodological quality assessment of the included studies
were performed independently by two authors (V.B. and
J.V.H.). Articles were screened based on title and abstract.
The primary outcome measure was efficacy, and the second-
ary outcome measure was safety. For data extraction, we
converted pressure settings, total injection volume, and drug
concentration to psi, ml, and mg/ml, respectively. If possible,
efficacy measures were simplified to percentages in terms
of clinical response compared to baseline. Methodological
quality was assessed using the Cochrane Collaborations
risk-of-bias 2.0 tool (ROB 2.0) for RCTs and CCTs, and
the Newcastle—Ottawa Scale (NOS) for cohort studies and
case series [16—19]. Final selection of the articles was based
on screening of full texts. Discrepancies between reviewers
were discussed and resolved by consensus and involved a
third author (L.B.) if necessary. [llustrations of the methodo-
logical quality assessments were created using Robvis [17].

Results

Our literature search identified 1326 records. Duplicates
were removed. Based on title and abstract, 985 articles
were screened. Full texts of 71 articles were assessed for
eligibility of which 37 studies were selected with a total of
1911 participants (Fig. 1). The included studies comprised
6 RCTs, 6 CCTs, 16 prospective cohorts, 5 retrospective
cohorts, and 4 case series. The studies investigated needle-
free jet injector-assisted intralesional treatments for atrophic
and hypertrophic scars, keloids, alopecia areata, hyperhidro-
sis, nail diseases (psoriasis, lichen planus, and idiopathic
onycholysis), non-melanoma skin cancer (basal cell carci-
noma (BCC), squamous cell carcinoma (SCC), Bowen’s
disease, and Paget’s disease), common warts, granuloma
annulare, lichen simplex chronicus, psoriasis, seborrheic
dermatitis, aesthetic indications (wrinkles, rejuvenation,
rhytides, facelift), and local anesthesia.

Scars and keloids

Seven studies, investigated jet injections to treat various scar
types (Table 1) [20-28]. Compared to baseline, spring-loaded
jet injections with triamcinolone acetonide (TCA) and sili-
cone sheets showed significant scar thickness reduction in
hypertrophic scars, while silicone sheets alone did not (3-5
treatments; p <0.05; p>0.05) [21]. Moreover, pneumatic jet
injector-assisted treatment with a mixture of hyaluronic acid
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and hypertonic glucose led to a reduction in mean scar volume
of 0.4 mm® compared to the untreated side in atrophic facial
acne scars (single treatment; p < 0.05) [23]. Spring-loaded jet
injections with bleomycin in keloids and hypertrophic scars
led to reduced pain and pruritus with respectively 88% and
89% (2—6 treatments; no comparative intervention; no sta-
tistical analyses reported) [26]. Furthermore, pneumatic jet
injections with 5-fluorouracil (5-FU) diluted in corticoster-
oids (TCA or methylprednisolone acetate) and lidocaine led
to a significant reduction of pain and pruritus in patients with
keloids, with respectively 69% and 79% compared to baseline
(7 treatments; no comparative intervention; p <0.01; p <0.05)
[27]. Pneumatic jet injections of hypertonic glucose resulted
in a mean Global Aesthetic Improvement Scale (GAIS) of
2.3+0.8 in atrophic scars, striae, and wrinkles compared to
baseline (1-5 treatments; no comparative intervention; no
statistical analyses) [24]. In comparison, jet injections with
non-crosslinked and crosslinked hyaluronic acid injections
in acne and hypertrophic scars resulted in overall GAIS of
1.9 and 1.8 respectively (mean 2.5 treatments; no statistical
analyses) [25]. Jet injections (unknown injector type) with

triamcinolone hexacetonide resulted in “good,” “acceptable,”
and “negative” results in respectively 68.2%, 15.9%, and
15.9% of children with burn scars (1-4 series, no compara-
tive intervention; no statistical analyses) [28].

Alopecia areata

Four studies investigated jet injections to treat alopecia areata
(Table 1) [29-32]. Jet injections with betamethasone dipro-
pionate sodium phosphate vs. saline in group A and cyclo-
sporine A vs. saline in group B resulted in hair regrowth in
respectively 88.2%, 11.7%, 66.6%, and 16.6% of the patients
(4 treatments; no statistical analyses) [29]. Spring-loaded jet
injections with TCA resulted in hair regrowth in 62% of the
patients (3 treatments; no comparative intervention; no sta-
tistical analyses) [30]. TCA with spring-loaded jet injections
resulted in hair regrowth in 75% of the patients (3—4 treat-
ments; no comparative intervention; no statistical analyses)
[31]. Spring-loaded jet injections with TCA resulted in hair
regrowth in 43-49% (<3 treatments; no comparative inter-
vention; no statistical analyses) [32].
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[43]

Ref

lymphangitis
Minor: mild discomfort

Adverse reactions
Severe events:

9.5+ 1.5 months

Follow-up time

least some improvement.
Recurrence in 14%. NS.

CR in 73% at 8 weeks, rest at
(NR)

patient + significance

(results per
lesion + significance)

Results per

Comparison
None

Total no treatments and

interval
Mean: 15, 0.5 weeks

Concentration

NR

lesion each treatment

0.1 ml

(Continued)

?unclear, A adjustable pressure, 5-ala 5-aminolevulinic acid, BDSP betamethasone dipropionate sodium-phosphate, BoNT-A botulinum neurotoxin-a, BTX-A botulinum toxin type a, CCT clini-
cal controlled trial, CNI conventional needle injection, CS case series, F fixed pressure, FU follow-up, 5-FU 5-fluorouracil, GAIS Global Aesthetic Improvement Scale, HA hyaluronic acid,

HDSS hyperhidrosis disease severity scale, NAPSI Nail Psoriasis Severity Index, no numbers, NPT needle-free jet injection, NR not reported, NS no significance reported, OI overall improvement,
onabotA onabotulinumtoxinA, PIH post-inflammatory hyperpigmentation, POSAS patient and observer scar assessment scale, RCT randomized controlled trial, SAL normal saline, TCA triam-

cinolone acetonide, TH triamcinolone hexacetonide, VSS Vancouver Scar Scale

First author, year Total volume per
**addition to photodynamic therapy

of publication
Brodell, 1995

Table 1

(5

Hyperhidrosis

Four studies investigated a single jet injector treatment for
hyperhidrosis (Table 1) [33—-36]. Pneumatic powered jet
injections compared to needle injections with onabotuli-
numtoxinA were administered to treat palmar hyperhidrosis
and reduced hyperhidrosis disease severity (HDSS) com-
pared to baseline with respectively 1.6 (»p=0.031) and 1.25
(p=0.1925) and no significant difference in pain between
treatments [33]. Botulinum neurotoxin-A administered with
spring-loaded jet injections and needle injections signifi-
cantly reduced sweat production with respectively 24.7 mg/
ml vs. 54.1 mg/ml in palmar and axillar hyperhidrosis com-
pared to baseline (p <0.05; p<0.0001). However, pain
was “unacceptable” in half of the patients treated with
needle injections and in none of the patients treated with
jetinjections [34]. Pneumatic jet injections with botulinum
neurotoxin-A, resulted in HDSS reduction of 2 and 3 com-
pared to baseline, respectively in patients with axillar and
palmoplantar hyperhidrosis (no comparative intervention;
p <0.001 in both groups) [35]. Spring-loaded jet injections
with botulinum toxin type A resulted in a complete relief of
symptoms in 70% of the patients with plantar hyperhidrosis
(no comparative intervention; no statistical analyses) [36].

Nail diseases

Three studies investigated jet injections to treat nail diseases
(Table 1) [37-39]. Pneumatic jet injections with TCA were
administered periungual to treat nail psoriasis, showing a Nail
Psoriasis Severity Index (NAPSI) reduction of 3.7 compared to
baseline (4 treatments; no comparative intervention; p=0.0007)
[37]. Spring-loaded jet injections with TCA in the posterior nail
fold improved nail matrix psoriasis and hyponychial varying from
“slight or marked improvement” to “normal nail” in 26% and 90%
of the patients respectively (3 treatments; no statistical analyses)
[38]. In comparison, the same device with TCA injections in the
posterior nail fold showed “matrix improvement” in 73-95%, in
psoriasis or lichen planus nails, and ‘““onycholysis improvement”
in 47-70% in psoriasis or idiopathic onycholysis nails (>3 treat-
ments, no comparative intervention; no statistical analyses) [39].

Nonmelanoma skin cancer

Two studies investigated jet injections to treat non-melanoma
skin cancer (superficial and nodular BCC, SCC, Bowen’s dis-
ease, and Paget’s disease) with 5-aminolevulinic acid (5-ALA)
in combination with photodynamic therapy (PDT) (Table 1)
[40, 41]. Spring-loaded jet injections with 5-ALA with PDT
resulted in an 81% complete response (6 treatments; no
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comparative intervention; no statistical analyses) [40]. Treat-
ment of PDT with 5-ALA administered with pneumatic injec-
tion compared to needle injections resulted in a 77% vs. 65%
complete response rate (6 treatments; p=0.012) [41].

Common warts

Two studies investigated spring-loaded jet injectors to treat pal-
mar and plantar warts (Table 1) [42, 43]. Jet injections with bleo-
mycin resulted in a complete response in 77.5% of the patients (5
treatments; no comparative intervention; no statistical analyses)
[42]. Jet injections composed of interferon alfa-n3 resulted in a
complete response in 73% of the patients (mean 15 treatments;
no comparative intervention; no statistical analyses) [43].

Other dermatological indications

Four studies investigated jet injections in granuloma annulare,
lichen simplex chronicus, psoriasis, and seborrheic dermati-
tis (Table 2) [44—47]. Spring-loaded jet injection with TCA vs.
normal saline resulted in complete response in 68% vs. 44% of
the granuloma annulare lesions (2—4 treatments; no statistical
analyses) [45]. Spring-loaded jet injections with TCA or placebo
showed “excellent” results in respectively 66% vs. 46% of the
lichen simplex chronicus patients (8 treatments, p=0.80) [46]. In
psoriasis patients, 13.3% of the patients had “better” results with
spring-loaded jet injections (Port-O-Jet), 6.7% had “‘better” results
with needle injections and 80% had “equal” results (1 treatment;
no statistical analyses) [44]. Spring-loaded jet injections com-
posed of vitamin B6, glycyrrhizin, metronidazole and hyaluronic
acid resulted in a mean Investigator Global Assessment (IGA)
reduction of 1.2 points, in patients with seborrheic dermatitis (3
treatments; no comparative intervention; p <0.05) [47].

Local anesthesia

Three studies investigated local anesthesia administered by a
spring-loaded jet injector before suturing or performing derma-
tological surgery (Table 2) [48-50]. Jet injections with mepi-
vacaine chloride resulted in “no pain” in 79.6% of the lesions
during surgery (no comparative intervention; no statistical
analyses) [50]. Lidocaine administered with a jet injector com-
pared to injections with a hypodermic needle resulted in a mean
anesthesia-related Visual Analogue Scale (VAS) score of 1.1 vs.
4.4 respectively (p <0.0001), while suturing-related pain was not
significantly different (p>0.05) [48]. Lidocaine administered
with a jet injector vs. needle injections resulted in “no pain”
during suturing in respectively 94% vs. 83% of the children [49].

Aesthetics

Six studies investigated intralesional pneumatic jet injec-
tions in the face or neck for aesthetic purposes (Table 2)

[51-56]. Jet injections with hypertonic glucose compared to
isotonic glucose improved GAIS with a mean score of respec-
tively 2.5+0.7 vs. 3.1 £0.9 (3 treatments; p=0.005) [51].
To compare, jet injections with non-crosslinked hyaluronic
acid resulted in “improved” and “much improved” GAIS in
42.9% and 57.1% of the patients respectively (5 treatments;
no comparative intervention; no statistical analyses) [54].
Crosslinked hyaluronic acid using jet injections reduced mean
Fitzpatrick—-Goldman Wrinkle Classification with 21.2% and
27.6%, respectively in the neck and face (14 treatments; no
comparative intervention; p <0.05; p <0.05) [56]. Hyaluronic
acid with jet injections or multi-needle injections and placebo
with jet injections or multi-needle injections reduced Wrinkle
Severity Rating Scale compared to baseline with 1.0+0.6 vs.
1.5+0.6 vs. 0.5+0.8 vs. 0.5+ 0.6, respectively (3 treatments;
p<0.05; p<0.01; p>0.05; p>0.05) [52]. Jet injections with
hyaluronic acid reduced Mean Lemperle Rating Score with
one point in all areas (2.5 treatments; no comparative inter-
vention; no statistical analyses) [53]. Jet injections with hyper-
tonic glucose showed “slight” or “notable” improvement in
91% of the patients (1 treatment; no comparative intervention;
no statistical analyses) [55].

Adverse reactions

The majority of the adverse reactions were mild and the
most common were local erythema, pain, hypo- and hyper-
pigmentation, bruising, hematoma, atrophy, swelling, and
itching (Tables 1 and 2). No serious adverse events were
reported. However, two studies that investigated bleomy-
cin or interferon alfa-n2 delivered with a spring-loaded jet
injector for palmar and plantar warts reported severe events
including cellulitis, lymphangitis, and large hematomas,
which needed surgical drainage and debridement [42, 43].
Also, TCA administered by a spring-loaded jet injector for
the treatment of alopecia areata resulted in bleeding from
the arteria temporalis in one patient, which was controlled
by firm pressure [32].

Methodological quality assessment

Overall risk of bias assessed with Cochrane’s ROB 2.0 tool
was “high” in six RCTs and CCTs, “some concerns” in four
studies, and “low” in two studies (Fig. 2a). Methodologi-
cal quality was particularly poor due to deviations from the
intended intervention and selection bias (Fig. 2b). Accord-
ing to the Newcastle—Ottawa Scale, overall risk of bias in
the included cohorts and case series was “high” in eleven,
“some concerns” in another eleven, and “low” in three stud-
ies (Fig. 3a) [16]. Methodological quality was particularly
poor due to lack of comparative cohorts, lack of blinding,
and short follow-up time (Fig. 3b).

@ Springer
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Fig.2 a Risk of bias in the included (non) randomized controlled tri-
als was categorized as high, low or some concerns according to the
Cochrane risk-of-bias 2.0 assessment tool. Overall, risk of bias was
high because of poor methodological quality, particularly in domain
2 and 5. b Methodological quality of the (non) randomized controlled
trials according to the Cochrane Collaborations risk-of-bias 2.0 tool
assessment

b

Bias due to deviations from the intended interventions

Bias arising from the randomization process

Bias due to missing outcome data
Bias in measurement of the outcome
Bias in selection of the reported result

Overall

Discussion

In this systematic review, we summarized and critically
appraised the current evidence on the efficacy and safety of
jet injector-assisted intralesional treatments for dermatological
indications. We selected 37 studies including 12 (randomized)
controlled trials. The majority of studies had a “high risk of
bias” or “some concerns” and only five studies (investigating
acne scars, hypertrophic scars, keloids, and non-melanoma
skin cancer) had “low risk of bias”. Furthermore, 19 of 37
studies lacked statistical analysis for the reported outcomes.
Due to large heterogeneity among studies with respect to a.o.
study design, indication, type of jet injector, therapeutics, and
outcome measures, a meta-analysis could not be performed.
Significant favorable effectiveness was reported in 13 of
15 studies, in which statistical analyses were reported. These
studies investigated intralesional jet injections in scars,
hyperhidrosis, nail psoriasis, non-melanoma skin cancer,
seborrheic dermatitis, local anesthesia, and aesthetic indi-
cations. Most studies investigated keloids and other types
of scars (hypertrophic, atrophic, and burn scars) and showed
good efficacy and high tolerability [21-26]. Additionally, our
review shows that despite differences in viscosity, several
fluids have been successfully administered with jet injectors.
None of the included studies compared the use of spring-
loaded vs. pneumatic jet injectors. In studies published
before 2000, only spring-loaded jet injectors were used
because pneumatic jet injectors were not yet introduced.
Importantly, spring-loaded jet injectors were associated
with a number of severe adverse reactions, including fluc-
tuating cortisol levels and arteria temporalis damage in alo-
pecia areata treated with TCA. Cellulitis, large hematomas,
and lymphangitis occurred in patients with warts treated
with spring-loaded devices and bleomycin or interferon
alfa-n3 [30, 32, 42, 43]. In contrast, no severe adverse reac-
tions were reported in studies that investigated pneumatic

0

Fig.2 (continued)

@ Springer

5
O\ II

25% 50% 75% 100%

. Low D Some concerns . High [ Not appiicable (CCT)




Drug Delivery and Translational Research

jet injectors. Possibly, this could be related to the tunable
settings for pneumatic jet injectors enabling safer and more
effective treatment settings based on clinical endpoints,
which are not available for spring-loaded injectors [57].

Only five of the included studies compared patient-
reported pain between needle-free jet injectors and conven-
tional needle injections [33, 34, 41, 48, 49]. Jet injections
with lidocaine caused significantly less injection-related
pain, and less procedure-related pain with 5-ALA and
PDT treatment in non-melanoma skin cancer compared
to needle injections with 5-ALA and PDT [34, 41, 48].
Jet injections with botulinum toxin for palmar and axillar
hyperhidrosis and with xylocaine for local anesthesia in
children were better tolerated than conventional needle
injections; however, no statistical analyses were performed
[34, 49]. On the other hand, two studies investigating local
anesthesia with lidocaine and palmar hyperhidrosis with
onabotulinumtoxinA reported no significant difference in
procedure-related pain between jet injections and conven-
tional needle injections [33, 48].

Risk of bias assessment resulted in two high-quality
RCTs. The results of these studies suggest that jet injec-
tions with 5-FU and TCA and jet injections with saline in
atrophic acne scars (boxcar and rolling) are efficacious,
safe, and well-tolerated [20, 22]. Also, favorable efficacy
and safety were found in cohort studies with low risk of
bias for intralesional jet injections with 5-FU combined
with corticosteroids in keloids and with hyaluronic acid
in atrophic acne scars.

To our knowledge, this is the first systematic review
that evaluated the efficacy and safety of intralesional treat-
ment with jet injectors for dermatological indications. The
strengths of this study include the use of a comprehensive
database search, reporting of outcome measures as effi-
cacy and adverse reactions, addressing jet injector settings,
critical methodological quality assessment, and inclusion
of all study designs with no limitation to publication date.
Limitations of this systematic review include a majority
of studies in cohorts or case series, noncomparative stud-
ies, poor methodological quality of the included studies,
and missing of important clinical data such as skin type.

At our tertiary outpatient clinic, patients with keloids,
hypertrophic scars, and recalcitrant warts are commonly
treated with spring-loaded or pneumatic injectors to
administer TCA, bleomycin or a mixture of both.

Moreover, we believe there is a significant clinical ben-
efit of jet injector treatment in children (e.g., for keloids
and hypertrophic scars), because in our experience they
tolerate the jet injections much better and cause less anxi-
ety than conventional hypodermic needle injections.

Importantly, we strongly recommend the use of protective
safety measures such as smoke evacuators and face masks
due to the potential formation of harmful aerosols, especially
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Fig.3 a Risk of bias in the included cohort studies and case series
was categorized as high, low, some concerns or not applicable
according to the Newcastle—Ottawa Scale. Overall, risk of bias was
high because of poor methodological quality, particularly in domains
2, 6, and 7. b Methodological quality of the included cohort studies
and case series according to the Newcastle-Ottawa Scale
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when antineoplastic drugs such as bleomycin or 5-FU are
administered [9]. Moreover, caution should be taken when
using spring-loaded jet injectors in anatomical areas around
large vessels, nerves, and bone, because potential damage can
be inflicted with this type of fixed-setting jet injectors [32].

Contemporary deficiencies of modern jet injectors include
drug spill (residual fluid on the skin surface and formation
of potentially harmful airborne small-droplet aerosols). Also,
gas-compressed energy-based jet injectors create a relatively
loud noise during the injection phase which may lead to anxi-
ety in some patients [6, 12, 58, 59]. Therefore, opportunities
for improvement of the needle-free injection technology in
the future will lie in optimizing the injection efficiency, creat-
ing less noisy (smaller) devices, and the development of new
technology to reduce the production or capture potentially
harmful aerosols. Moreover, with respect to future research,
good quality RCTs investigating the efficacy and safety of
jet injectors in dermatology are highly needed to conduct a
meta-analysis and produce stronger evidence that can be used
to provide solid evidence-based recommendations for the use
of jet injectors in clinical practice.

In conclusion, this systematic review presents an over-
view and methodological quality assessment of clinical data
on the efficacy and safety of intralesional jet injection treat-
ments for dermatological indications. Limited good qual-
ity data suggest that intralesional jet injection treatments
with 5-FU and TCA in hypertrophic scars and with saline
in atrophic acne scars are efficacious and well-tolerated [20,
22]. In addition, some evidence suggests that jet injector
treatment might be less painful for patients than conven-
tional needle injections for certain indications. More high-
quality randomized controlled trials are needed to provide
future evidence-based recommendations for clinical practice.
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