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Microneedling: experimental study and
classification of the resulting injury 
Microagulhamento: estudo experimental e classificação 
da injúria provocada

ABS TRACT
Introduction: A trend is currently observed towards the indication of less invasive procedures, isolated
or combined, in the treatment of stretch marks, scars, and the effects of aging. Microneedling is an option
that stimulates collagen production without causing the total de-epithelization observed in ablative
techniques.
Objective: To carry out an experimental study aimed at establishing the correlation between the
lengths of the cylinder’s needles used for microneedling with the depth of the damage inflicted to the
skin.
Methods: Biopsies were performed in skin areas of alive pigs that underwent microneedling with
cylinders containing 192 needles of 0.5 – 1, 1.5 –2 and 2.5 mm.
Results: Microscopic examination carried out immediately after the procedure revealed vascular ecta-
sia with extravasation of red blood cells, affecting the papillary dermis with 0.5 mm needles and rea-
ching the reticular dermis with longer needles. The authors propose classifying the inflicted injury as
mild (0.5 mm needles), moderate (1.0 and 1.5 mm needles), and deep (2.0 to 2.5mm needles).
Conclusion: The microneedling procedure can be indicated for a broad spectrum of skin alterations
when the goal is to stimulate the production of collagen. Establishing the relationship between the
length of the needle used and the resulting damage to the skin assists in choosing the microneedling
tool used in different directions.
Keywords: desearch design; collagen; wound healing; ambulatory surgical procedures; rejuvenation

RESU MO
Introdução: Observa-se atualmente tendência à indicação de procedimentos pouco inva-
sivos isolados ou combinados no tratamento de estrias, cicatrizes e envelhecimento. O
microagulhamento é opção que estímula a produção de colágeno, sem provocar a desepi-
telização total observada nas técnicas ablativas. 
Objetivo: Estudo experimental, para estabelecer a relação do comprimento das agulhas
dos cilindros utilizados para o microagulhamento, com a profundidade do dano. 
Método: Foram realizadas e biopsiadas áreas de microagulhamento, em pele de porco vivo,
com cilindros contendo 192 agulhas de 0,5 a 2,5mm. 
Resultados: O exame microscópico imediatamente após o procedimento revelou ectasia
vascular com extravasamento de hemácias, acometendo a derme papilar com agulhas
0,5mm e estendendo-se à derme reticular com as agulhas de maior comprimento. Os auto-
res propõem classificação da injúria em leve (agulhas de 0,5mm), moderada (agulhas de um
e 1,5mm) e profunda (agulhas de dois a 2,5mm). 
Conclusão: O microagulhamento pode ser indicado para amplo espectro de alterações
quando o objetivo é o estímulo da produção de colágeno. O estabelecimento de uma rela-
ção entre o comprimento da agulha utilizada e o dano provocado na pele facilita a esco-
lha do instrumento nas diferentes indicações. 
Palavras-chave: desenho experimental; colágeno; cicatrização; procedimentos cirúrgicos
ambulatoriais; rejuvenescimento.
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INTRODUCTION
The proposal to use ablative treatments aimed at stimu-

lating and remodeling collagen has long been advocated in the
field of dermatology. It is widely known that the mechanical or
chemical removal of the epidermis triggers the release of
cytokines and the migration of inflammatory cells, resulting in
the replacement of damaged tissue by cicatricial tissue.1 Medium
and deep chemical peels are examples of ablative treatments that
are popular among dermatologists due to their indisputable stim-
ulation of collagen production, which results in the attenuation
of wrinkles, improvement of texture, brightness and color of the
cutaneous surface, in addition to their capacity for correcting
depressed scars, and relieving photodamage.2 However, the
recovery for these procedures is protracted and results in sensitive
tissue that is subject to post-inflammatory hyperpigmentation
and photosensitivity, in addition to the risk of complications such
as hypertrophic scarring, persistent erythema, and dyschromias.
Currently, a trend is being observed towards the indication of less
invasive procedures, isolated or in conjunction, aimed at reduc-
ing the risk of complications and allowing a patient’s earlier
return to normal life. The microneedling principle proposes a
stimulus for the production of collagen, without causing the total
de-epithelization observed in ablative techniques.

Microneedling fundamentals
Orentreich and Orentreith3 were the first to describe the

use of needles aimed at stimulating collagen production in the
treatment of depressed scars and wrinkles, a technique that
became known by the term subcision. Based on the same princi-
ple of rupturing and removing damaged subepidermic collagen
and subsequently replacing it with new collagen and elastin
fibers, other authors confirmed this initial study.4 More recent-
ly there has been a proposal for a system of microneedles that is
applied to the skin with the objective of generating multiple
micropunctures, which are long enough to reach the dermis and
cause bleeding, triggering inflammatory stimuli that results in
the production of collagen.5 The percutaneous collagen induc-
tion (PCI), as the technique has been called, begins with the
cutaneous barrier loosing its integrity (aimed at dissociating
keratinocytes), resulting in the release of cytokines such as inter-
leukin-1α (predominantly), interleukin-8, interleukin-6, TNF-α
and GM-CSF, and leading to dermal vasodilation and migration
of keratinocytes, a process that restores the epidermal damage.6

For didactic purposes, three stages of healing following trauma
with needles can be clearly delineated: in the first stage (injury
stage) is a release of platelets and neutrophils (which are respon-
sible for releasing growth factors that act on keratinocytes and
fibroblasts as growth and transformation factors α and β (TGF-
α and TGF-β), of platelet-derived growth factor (PDGF), of
Protein III (activator of connective tissue), and connective tissue
growth factor (Figure 1A).

In the second stage (healing stage), neutrophils are
replaced by monocytes and angiogenesis, epithelialization and
fibroblast proliferation take place, followed by the production of
type III collagen, elastin, glycosaminoglycans and proteoglycans.

Concomitantly, fibroblasts growth factor, TGFα and TGF-β are
secreted by monocytes. Roughly five days after the injury
inflicted, the fibronectin matrix is completely   formed, allowing
the deposition of collagen directly beneath the basal layer of the
epidermis (Figure 1B).

In the third stage (maturation stage), type III collagen,
which is prevalent in the early phase of the healing process is
slowly replaced by type I collagen (which lasts longer and per-
sists for a period ranging from five to seven years).7-9 In order for
this inflammatory sequence of events to take place, the trauma
caused by the needle must reach a depth of 1-3mm, and the epi-
dermis must be preserved (only perforated and not removed).5

Hundreds of microlesions are created, resulting in columns of
blood collected in the dermis, accompanied by edema of the
treated area and virtually immediate hemostasis. The intensity of
these reactions is proportional to the length of the needle used
in the procedure.

For instance, a1mm depth entails an almost microscopic
hematoma, while that resulting from a 3mm depth can be seen

FIGURE 1A: : Injury stage

FIGURE 1B: Healing and maturation stages
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with the naked eye and can persist for hours. Nonetheless, it is
necessary to understand that the needle does not penetrate
completely during the rolling process (Figure 2).

It is estimated that a 3mm long needle penetrates only
1.5-2mm (or roughly 50-70% of its total length). Therefore, with
a 1mm long needle the injury caused to the skin would be lim-
ited to the superficial dermis, resulting in a more limited inflam-
matory response than that caused by a longer needle (Figure 3).

Characteristics of the microneedling technique
The device used to perform microneedling comprises a

polyethylene roll studded with sterile stainless steel needles sym-
metrically aligned in rows, with a total of 190 units on average
(a number that may vary depending on the manufacturer). The
length of the needles is fixed throughout the structure of the roll
and varies from 0.25-2.5 mm, according to the model. The pro-
cedure is usually well tolerated under local anesthesia, with nee-
dles not exceeding 1mm in length. For greater lengths, anesthet-

FIGURE 2: Schematic view of the penetration of the 
needle during the procedure.

FIGURE 3: Correlation between the length of needles 
and penetration into the skin FIGURE 4: Schematic drawing of the treatment with needles

ic blockade supplemented by infiltrative anesthesia is recom-
mended. With the aim of providing more comfort for the
patient in situations of a prolonged surgical time and deeper
injury, local anesthesia with sedation is recommended.
Microneedling is a technique-dependent procedure and famil-
iarization with the device used and mastery of the technique are
factors that directly influence the final outcome.10 The vertical
pressure exerted on the roller must not exceed 6N, because
greater force can damage deeper anatomical structures and
cause excessive pain. It is recommended to position the device
between the thumb and index finger—as if holding a Hashi—
controlling the force with the thumb. The back and forth move-
ments must imprint a uniform pattern of perforations (resem-
bling petechiae) throughout the treated area. In order to achieve
this, 10-15 passes in the same direction must be made, and at
least four crossing passes in the rolling areas seem to be suffi-
cient. In theory, 15 passes allow a damage corresponding to 250-
300 punctures/cm2 (Figure 4).

The time that the petechiae pattern takes to arise varies
according to the thickness of the treated skin and the selected
needle’s length. Therefore, a thinner and looser skin, which is
usually photodamaged, will present a uniform petechiae pattern
earlier than a thicker and fibrotic skin, which is commonly
observed in patients with acne scars, for example. In this man-
ner, the choice of the needle’s length depends on the type of the
skin to be treated and the ultimate goal of the procedure. There
is not yet a classification correlating the length of the device’s
needles to the depth of the expected damage in the treatment.

OBJECTIVE
The present study’s proposal is to establish the correla-

tion between the length of the needle used, to the depth of the
resulting damage, using in this first stage of research the skin of
living pigs, considering it as the model that is most similar to
human skin.
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METHOD
Dr.Roller® devices (Moohan Enterprise Co., Gyeonggi-

Do, South Korea), duly registered with ANVISA, the Brazilian
Health Surveillance Agency (under the number 80669600001),
composed of 192 stainless steel needles, arranged in eight rows
across the extension of a polyethylene roller, sterilized with
gamma rays, were used in the experiment. The investigation was
performed in vivo, on the skin of live pigs. The pigs underwent
general anesthesia and were kept under assisted respiration in
the Experimental Surgery Laboratory of the Universidade de
São Paulo. The experiment was approved by the Research
Ethics Committee.

The animal’s dorsum’s right side region was divided into
tracks on which the roller with needles was passed back and
forth, for two or three minutes. Rollers with needles measuring
0.5mm, 1mm, 1.5mm, 2mm and 2.5mm in length were used
(Figure 5). Immediately after the procedure, a sample of each
area was collected using a scalpel blade n. 11, formolized and
sent for histologic analysis. After undergoing the hystologic
processes, specimens were micro-cut into 5μ sized specimens,
which were stained with hematoxylin and eosin, and subse-
quently evaluated through optical microscopy.

RESULTS
The macroscopic appearance of the pigs’ skin after treat-

ment (Figure 5) evidently suggests that the damage caused by the
microneedling holds a proportional relation to the length of the
needle used. The microscopic examination in the first stage
(immediately after the injury) revealed predominantly vascular
ectasia with the extravasation of erythrocytes. This finding was
observed superficially, having affected the papillary dermis with
0.5mm needles (Figure 6), reaching the reticular dermis with
needles of greater length (Figure 7). The amount of bleeding was
also increased proportionally to the length of the needles. The
epidermis remained apparently intact under optical microscopy,
except for the presence of the needle path site (Figure 8). None
of the samples presented lesions in the subcutaneous tissue.

Classification of the severity of the injury caused by
microneedling

Based on the results, the authors propose the classifica-
tion of the injury as mild, moderate and deep, correlating to the
needles’ length and their ability to induce the planned trauma
(Table 1).

FIGURE 5: From left to right, demarcated areas treated with 
different needle lengths 

FIGURE 6: Superficial hemorrhage restricted to the papillary 
dermis, with needles 0.5mm long (HE, 100x)

FIGURE 7: Deep hemorrhage involving the reticular dermis, 
with needles 2.5mm long (HE, 100x)

FIGURE 8: Needle path associated with hemorrhage. Adjacent 
epidermis without significant alterations (HE, 100x)
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CHART 1: Classification of the severity of the injury 
caused by microneedling

Stimulus characteristics Length of needle

Mild injury 0,25 e 0,5mm

Moderate injury 1,0 e 1,5mm

Deep injury 2,0 e 2,5mm

CHART 2: Classification of the severity of the injury 
caused by microneedling

Stimulus  Length of needle
characteristics

Mild injury Drug delivery; Fine wrinkles;  
improvement in brightness and texture 

Moderate injury Cutaneous sagging; Medium wrinkles;
Global rejuvenation

Deep injury Depressed distensible scars; Estriae; 
Ondulated and retractile scars

Further, the authors also propose a correspondence
between the type of injury and the most appropriate indica-
tions, described in Table 2.

DISCUSSION
In this manner, based on the authors’ experience and

evaluation of the available literature, considerations were made
that microneedling can be used:

A) As a delivery system for active principles in rejuvenation,
such as retinol and vitamin C.

B) As an isolated stimulus in the rejuvenation of the face,
improving color, texture, and brightness of the skin.

C) In the treatment of sagging skin and the attenuation of
wrinkles, given that it promotes the production of colla-
gen, and provides increased volume in the treated area,
based on the stimulus described in item B.

D) In   the correction of distensible, depressed, corrugated,
and retractile scars, as well as in the improvement of old
and recent stretch marks.

Advantages of microneedling
• The procedure allows the stimulation of collagen pro-

duction without removing the epidermis.
• The healing time is shorter and the risk of side effects is

reduced as compared to ablative techniques.
• The skin becomes thicker and more resistant, unlike in

ablation techniques, where the cicatricial tissue is more
susceptible to photodamage.

• It is indicated for all skin types and colors, and can also
be used in areas of a lower concentration of sebaceous
glands.

• Low cost when compared to procedures that require
technologies demanding high investment values.

Disadvantages of microneedling
• It is a technique-dependent procedure and requires training.
• Requires prolonged recovery time if moderate to deep

injury are indicated.
• Demands careful assessment of the patient on the part of

the physician, and a therapeutic proposal compatible with
possible outcomes that can be achieved, avoiding unreal-
istic expectations.

CONCLUSION
Microneedling is an innovative treatment that can be

used for a broad spectrum of indications when the objective is
to stimulate the production of collagen, constituting an addi-
tional weapon in the dermatologist’s therapeutic armamentari-
um. The goal of the present study was to establish the correla-
tion between the length of the needle used in the roller and the
extent of damage caused to the skin, thereby facilitating the
choice of instrument in different indications. The behavior of
human skin under the effects of microneedling will be the sub-
ject of the authors’ next research, nevertheless they believe that
the model used in the present study (the skin of live pigs), pro-
vides us with answers to questions that had not been addressed
by scientific articles to date. The authors believe that the present
paper’s results will contribute to the proper use of this tech-
nique, which has offered a good therapeutic response when
properly indicated. It is up to the individual dermatologist to
perform an accurate assessment of the lesion to be treated, and
to be technically prepared to conduct the procedure within the
recommended precepts. l
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