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1  | INTRODUC TION

Microneedling is an invasive process that involves repeated skin 
perforation with microneedling devices (MND) with the intention of 
modifying the skin structure in order to achieve a pharmaceutical 
or dermatological objective. This technique is originated from an 
American patent in the early 1970’s with an exclusive application 
for pharmaceutical drug delivery through the skin.1 Nowadays there 
are many scientific publications enabling the transdermal passage of 
drugs to the circulation system.2

In 1995, Orentreich and Orentreich 3 described a dermal punc-
ture technique used to remove scars employing a tri-bevel hypoder-
mic needle that was inserted and maneuvered to make subcuticular 
cuts which were then repaired by the formation of connective tissue 

during the healing process. Afterward, Fernandes 4 developed an-
other therapy called percutaneous collagen induction consisting 
of the perforation of the stratum corneum using a special device 
with the purpose of treating scars that result in microchannels with 
variable length and produce a mild inflammatory response, when 
combined with other treatments such as autologous platelet-rich 
plasma, chemical peels, filler injections, or laser treatment, a greater 
improvement was reported.5 Hou et al have asserted microneedling 
seems to be safe and effective although more randomized controlled 
trials are needed.6

Microneedles are assembled in devices, a typical one can be seen 
in Figure 1, with a handle attached to a roller or stamp plate (which 
can be electrically assisted). The device contains a variable number of 
needles (up to several hundreds) made of steel that is rolled directly 
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over the skin. The needles can have different geometries and shapes, 
whose application repeatedly on the skin can result, depending on 
use, in dozens of holes per cm2 with a highly variable depth.7

This micropunction technique has been marketed by trademarks 
such as Dermaroller® (Dermaroller GmbH, Wolfenbüttel, Germany) 
which is recommended 8 for both healthcare professionals and the 
general public. At the same time, a panoply of counterfeit or pseu-
do-legal products are appearing on Internet service platforms with 
affordable prices but which are probably harmful.9

This work aims to outline that MND belong to the Medical 
Device Category following current regulation and define the main 
critical requirements to facilitate their risk assessment.

2  | REGUL ATORY SITUATION OF 
MICRONEEDLE SYSTEMS

2.1 | Microneedle systems as medical devices

Medical devices are controlled products that are directly related to 
patients’ health and lives; consequently, it is important to specify 
whether the MND characteristics fit into those of a regulated medical 
device. For this, the legal definition of a medical device is required, ei-
ther through Section 201(h) FD&C Act 10 or by that stated in European 
Regulation 2017/745,11 both of which are very similar, as they refer to 
any apparatus or other article that is intended, among other functions, 
to affect the structure or any function of the body (FDA regulation) 
or replace or modify the anatomy or a physiological or pathological 
process or state (European Union Regulation). Therefore, it can be af-
firmed that MND come under the definition of a medical device as 
they are intended to modify the structure of the human body, as they 
clearly penetrate the stratum corneum 12 provoking platelet-derived 
and fibroblast growth factor release and neovascularization in the 
papillary dermis.13 Furthermore, Alster et al in a complete review 14 are 
of the opinion that scars or striae can be treated with needle depths 
from 1.5 to 3.0 mm, which is clearly invasive, and they also recom-
mend pinpoint bleeding as the treatment endpoint.

2.2 | Legal classification

Once MND have been defined as medical devices, they can be clas-
sified following the four classes established by the European Union 
(EU): Classes I, IIa, IIb, and III (low-risk, low-medium risk, medium-high 
risk, and high risk, respectively) and the three classes set by the FDA 
which include Classes I (low risk), II (which corresponds to European 
sub-classes IIa and IIb, as moderate risk), and III (significant risk).

It is important to properly define which class MND belong to 
because it has implications in their safety and commercialization re-
quirements. For a Class I medical device, in the United States, only a 
premarketing notification without needing a clinical trial is required, 
while in EU, it is enough to "make a self-declaration" that the man-
ufacturers meet the essential requirements of the national compe-
tent authority in the country of origin.15 For instance, dermabrasion 
devices such as brushes, scrapers, and blades by the mechanism of 
wearing away and removal of layers of the skin by shear force are 
considered as Class I medical devices. In the case of Class II medical 
devices, it is generally necessary in US as well as in EU regulation to 
present a clinical trial that demonstrates their safety, as well as evi-
dence data confirming that the device works as expected.

All marketed Class II and III medical devices and those of Class 
I that have sterility specifications, with a measurement function or 
reusable surgical instruments must be registered by a regulatory 
agency from any of the Member States in the EU and must bear the 
Conformité Européenne brand (CE) which verifies that they follow the 
established directives for medical devices and allows them to cir-
culate freely in the EU market. At the same time, the participation 
of a Notified Body (NB), with its corresponding registration number 
included in the product labeling, is required. The NB must evaluate 
the compliance with the essential requirements for medical devices, 
including clinical data and must perform audits on the manufactur-
ers in order to verify their quality assurance system, their operating 
license, the existence of a qualified technical manager, the quality of 
facilities, and the qualifications of the personnel.

To classify MND in accordance with EU regulation, their main 
characteristics are submitted to the 22 classification rules from 
Regulation (EU) 2017/745 (Annex VIII) according to their intended 
purpose, duration of use, and invasiveness which go from least to 
greatest risk. After the application of the abovementioned rules to 
a MND prototype, as can be seen in Table 1, MND are considered 
to be invasive products as the 1st, 2nd, 3rd, and 4th rules do not 
apply for them. From the 5th rule on, medical devices are considered 
as invasive. MND do not conform to the 5th rule as they are not 
intended to be used through a body orifice so it should be assumed 
that MND are Class IIa medical devices as the 6th rule applies due 
to their transient use (less than 60 minutes) which is presumed for 
these types of devices. Rule 7 does not apply to MND as it does not 
correspond to short-term duration (60 minutes-30 days) nor do any 
of the subsequent rules.

To classify MND according to the American regulation, the FDA 
released a draft guidance on MND 16 where it is claimed that as 
MND can penetrate beyond the stratum corneum in living layers of F I G U R E  1   Typical roller micropunction device
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the skin, they are devices with greater risk; therefore, they exceed 
the Class I legal restriction, which supports our proposal for a Class 
II (IIa EU) classification of MND.

The FDA in its postmarket surveillance, alerts, and withdrawals 
work required a US company to withdraw its MND 17 because they 
stated that they manufactured Class I medical devices on its labels 
and promotional materials but it turned out to be microneedling with 
indications such as “It produces micro-injuries to the skin in order to aid 
in the production of collagen and elastin.” Another case was that of an 
electrical micropunction product based on 11 disposable needles. In 
its promotional materials, the manufacturer claimed that: “controlled 
micro-injuries to the skin were created in order to stimulated collagen 
and elastin production” which motivated an FDA warning letter fol-
lowed by a product recall.18

Additionally, EU Regulation 2017/745 considers, in Article 1, 
paragraph 2 the consideration of a group of products without an 

intended medical purpose which are listed in Annex XVI. MND could 
be considered, as referred to in point 2, as “Products intended to be 
totally or partially introduced into the human body through surgically 
invasive means for the purpose of modifying the anatomy or fixation 
of body parts with the exception of tattooing products and piercings.” 
These groups of products claimed an esthetic or another nonmedical 
purpose, but they are similar to medical devices in terms of work-
ing and risk profile so they should be covered by this Regulation, 
until future Regulations that establish their specifications have been 
be developed. Nowadays, according to the FDA Regulation, MND 
do not fall within any classification and there is no legally marketed 
predicate device upon which to base a determination of substan-
tial equivalence. However, the FDA has established, under section 
513(f)2 of the FD&C Act, a pathway for low-moderate risk devices 
classification to class I or class II, which do not have a legally mar-
keted predicate, referred to as the De Novo classification process. 

TA B L E  1   Application of Medical devices classification rules (EU Regulation) to the Microneedling devices

Rules Class. Comments

1st Noninvasive, Class I. Default

2nd Noninvasive, Class I. Except devices intended for channeling or storing blood, body liquids, cells or tissues, liquids or gases for the 
purpose of eventual infusion, administration or introduction into the body whereas Classes IIa, IIb, and III are applied

3rd Noninvasive, Class I. Except devices intended for modifying the biological or chemical composition of human tissues or cells, blood, or 
devices to be used in vitro in direct contact with human cells, tissues or organs taken from the human, whereas Classes IIa, IIb, and III 
are applied

4th Noninvasive, Class I. Except Devices which come into contact with injured skin or mucous membrane if they are not used as a 
mechanical barrier whereas Classes IIa and IIb are applied

5th Invasive device with respect to body orifices. Depending on its duration use, they could be classified as Class I, IIa, or IIb

6th Invasive device. Surgically invasive devices intended for transient use are classified as class IIa. With many exceptions which do not 
apply to MND

7th Invasive device. Surgical invasive devices intended for short-term use are classified as class IIa

F I G U R E  2   Ishikawa diagram on the issues considered in Microneedling devices safety
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Once a De Novo request is granted for a particular MND, it should 
be classified as a medical device, class I or II, and can be marketed 
and serve as a predicate for future device approvals.19

3  | RISK A SSESSMENT APPROACH FOR 
MICRONEEDLING DE VICES

In this work, we carry out a Risk Assessment Analysis, for which 
three different points of view are considered: the manufacturer´s 
view relating to the medical device design and manufacturing pro-
cess, the benefit-risk balance and finally the usage by the end user.

A systematic approach to risks management during the process 
will lead to the development of quality and reliable medical devices.

3.1 | Design and manufacturing risk assessment

Referring to MND risks that could arise during that first stage, it 
is necessary to confirm that it works properly, for that the manu-
facturer must establish systems and processes in order to identify 
trends, patterns, or signals that may reveal new risks or safety con-
cerns. An Ishikawa diagram in Figure 2 compiles the issues which 

must be considered to ensure its safety such as its design, the needle 
characteristics, its accessories, manufacturing method, sterilization 
requirements, and labeling information.

3.2 | Risk—Benefit balance assessment

Manufacturers must demonstrate to the regulators the compliance 
of their medical devices. For that it is necessary, that regulators set 
the common specifications regarding risk management and clini-
cal evaluation which ensure the safety and efficacy of the device. 
It should be mentioned that the literature previously cited has im-
portant deficiencies regarding these kinds of medical devices in the 
effect of their long-term use, the part of the body where they are 
applied and the specific biological risks associated with MND use. 
Furthermore, in normal conditions of use, several conditions must be 
included, among them, nerve and vessel injury, infection transmis-
sion between users, skin reactions that would result in scar forma-
tion, hyperpigmentation, skin inflammation, tattoo ink reaction and 
even the use of the device when it comes into contact with other 
materials and substances. We are aware that MND are being used in 
practice alone or combined such as with radiofrequency 20 to facili-
tate the passage through the skin of products such as creams, gels, 

TA B L E  2   Risks to be consider in the Microneedling devices regulatory process

Items Risks Failure mode effects

Mode of use Punctures, frequency, depth and endpoint
Part of the body
User´s skin type
Cleanliness and disinfection requirements

Aggressive punction
Mucous membrane closeness
Thickness, dehydration
Reuse, contamination, illnesses transmission

Indications of use Scars, burns, wrinkles and depth of facial lines, cellulite 
and stretch marks, dermatosis, acne, alopecia, collagen 
production, angiogenesis

Skin, mucous membranes, wounds, nerves, tissues and 
vascular system contact.

Limited evidences about their short- and long-term use

Biological interaction Biocompatibility
In vitro-in vivo reactivity

Toxicity
Extractives

Contraindications Wound presence
Medication concomitant use (anticoagulant, 

immunosuppressant, etc)
Use of cosmetic products
Esthetic treatments (eg, laser, chemical peeling, and 

tanning)

Infections
Bleeding, infections
Toxicity (ingredients)
Hyper reaction, hyper pigmentation

TA B L E  3   Risk level classification of failures

Severity (S) Frequency (F) Detectability (D)
Risk priority
number

1. Insignificant—Transitory 
discomfort

1. Unappreciable. Never happened, unlikely 
to occur.

1. Immediately RPN = S x F x D
Acceptable < 12
Serious: 13 - 47
Unacceptable > 48

2. Minor—Nonmedical 
intervention is required

2. Rare. Observed < 10% 2. High

3. Serious—Medical intervention 
is required

3. Sometimes. Observed 10%-30% 3. Appreciable during its 
use

4. Critical—Permanent damage 4. Frequently. Observed 30-70% 4. Low

5. Catastrophic—Death 5. Always. Observed > 70% 5. Undetectable
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and solutions with cosmetic purposes or even containing a panoply 
of medicines (eg, lidocaine, tacrolimus, vitamins, anti-cellulite active 
products, glycolic acid, hyaluronic acid, latanoprost, hydrocortisone, 
and plasma) In this case, it should be confirmed that the products ap-
plied are manufactured under the requirements for injectable prod-
ucts and meet parenteral specifications to guarantee their safety as 
they are going to pass through the skin. The main requirements to 
ensure MND safety, taking into account both the European Union 
Regulation for medical devices 11 and the US Biological evaluation 
Guidance,21 are summarized in Table 2. There we have combined 
them with their failure mode effects. This approach could be used 
by the manufacturers to assess the device risk analysis as well as by 
the regulators to verify MND safety.

3.3 | User risk assessment

The third approach that is recommended is to evaluate the MND 
risks under different use scenarios, considering dangers associated 
with the device or its accessories case of failure and circumstances 
which are unable to make the use of the device by the user safe 
and effective.22 The manufacturer must provide enough information 
regarding the patient´s safety (warnings, precautions, contraindica-
tions, etc) by considering factors such as technical knowledge, ex-
perience, education, training, environmental conditions of use and 
even the abilities of nonprofessional users.

A Failure Mode and Effects Analysis, FMEA, 23 has been used to 
allow us to collect all the possible failures that can have direct reper-
cussion on patient´s safety. As can be seen in Table 3, different sce-
narios have been considered, each being assigned a mark between 1 
and 5 points according to its Severity, Frequency, and Detectability. 
Once each parameter has its correspondent mark, the Risk Priority 
Number (RPN) can be calculated by multiplying them and the risks 
classified as acceptable, serious, and unacceptable.

Once the Severity, Frequency, and Detectability values are de-
fined from low to high risk in Table 4, different potential harms for 
each possible use are described. From the possible failures detected, 
the lack of hygiene practices and the presence of associated illnesses 
are considered as unacceptable, although they can be mitigated if 
MND are used in medical practice by professionals. The risks identi-
fied as serious represent more than 50% of the total.

4  | DISCUSSION

The microneedling technique is used by medical professionals in their 
surgery practices, but it should be taken into account that medical 
devices are also being used by estheticians, and even by consumers 
themselves at home, so proper regulation for MND is needed in order 
to ensure patient safety. After the evaluation of the available informa-
tion related to its safety, technical requirements, and indications of 
use, we consider that MND are as yet not properly regulated. As MND 
characteristics fit completely under those of Medical Devices, such as 
invasive surgery-type devices, they must be deemed as medical de-
vice Class II- IIa (FDA-EU) until the proper medical devices without an 
intended medical purpose regulation are developed.

However, more scientific studies indicated by the associated 
risks such as infections, skin inflammation, illnesses, and concom-
itant treatments, among others are necessary. From the Failure 
Mode and Effects Analysis, some recommendations to be consid-
ered by the manufacturers should include safety aspects in MND 
design, manufacture, and quality assurance which could facilitate 
MND risk-benefit balance. The risk assessment identifies the haz-
ards as acceptable, serious, and negligible based on their critical-
ity. If one risk is classified as unacceptable, it could be mitigated 
partially or completely when MND are used by medical profes-
sionals but it could not be guaranteed when they are used by non-
professional users.

TA B L E  4   Failure Mode Effect Analysis for Microneedling devices users

Process Failure Mode
Frequency
(F) Severity (G) Detectability (D)

Risk Priority 
Number (RPN)

System and its 
components failure

Physical danger (eg, blunt)
Mechanical danger (eg, impact, motorized 

components)
Electrical risks (eg, electrical safety)
Chemical risks (eg, residues)
Biological risks (eg, contamination)

2
2
1
1
4
3
2
1
4
2
5
1
3
3

3
2
3
3
4
2
2
3
3
2
3
1
2
3

3
3
3
5
5
2
5
5
4
5
3
1
3
3

18
12
9
15
80
12
20
15
48
20
45
1
12
18

Users Characteristics Without physical abilities
Limited sensorial abilities
Limited cognitive abilities
Associated illnesses
Alterated emotional state
Low sanitary education
Used by clinical professional

Given information Lack of diagrams
Not clear or not enough instructions
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This work offers a guide to be used both by the manufactures 
to facilitate MND Risk assessment performance and by the authori-
ties who must guarantee the quality, safety, and efficacy of medical 
devices.
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