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ABSTRACT 

 

In the context of the sustained and pronounced expansion of the global permanent makeup market, whose volume is 

forecast to reach 332.6 million US dollars by 2033 with an average annual growth rate of about 7.9%, there is an 

objective need for rigorous scientific verification and standardization of high-precision technological approaches, 

including micropigmentation of the interlash space. In this regard, it is appropriate to consider this procedure as an 

object of comprehensive interdisciplinary analysis, incorporating an assessment of the physiological, psychophysical, 

and technological determinants that define the level of safety of the intervention and the predictability of the aesthetic 

outcome. The methodological framework of the study was constructed on the basis of a systematic review and 

deductive analysis of scientific publications indexed in the international databases Scopus and Web of Science, with 

an emphasis on the anatomical features of the eyelid margin, the regularities of the psychophysics of linear and 

contour pattern perception, and materials on the physicochemical and structural characteristics of pigments. In 

addition, empirical validation of the proprietary micropigmentation technique was carried out, which made it possible 

to correlate the theoretical conclusions with the actual technological parameters of the procedure. Analytical synthesis 

of the data showed that the phenomenon of visual densification of the eyelash row is conditioned by the mechanism 

of enhancement of contour contrast, the implementation of which requires submillimeter accuracy of pigment 

implantation. Violation of this requirement is associated with an increased risk of pigment particle migration and 

potential effects on the functional state of the meibomian glands, which assigns particular importance to strict 

adherence to the protocol parameters of depth, angle, and trajectory of insertion. The empirical testing of the 

proprietary technique demonstrated a pronounced optimization of the technological process, manifested in a 

reduction of procedure time by up to 30% while maintaining maximum accuracy of pigment positioning; this 

circumstance was indirectly confirmed by the results of participation in professional permanent makeup 

championships, where the technique ensured prize-winning positions and the receipt of a Grand Prix. The materials 

developed in the course of the study represent scientifically substantiated protocols for performing 

micropigmentation of the interlash space and a system of objective metrics for assessing result quality, which makes 

a significant contribution to the process of standardizing aesthetic dermopigmentation and has high applied relevance 

for specialists in the field of permanent makeup, dermatocosmetology, as well as for regulatory bodies of the 

healthcare system. 

KEYWORDS 

micropigmentation; Interlash space; Optical densification; Eyelid physiology; Psychophysics of contrast; Proprietary 

technique; Aesthetic dermopigmentation; Pigment stability; Application accuracy; Naturalness. 

 



INTERNATIONAL RESEARCH JOURNAL OF MEDICAL SCIENCES 

AND HEALTH CARE (IRJMSHC) 

https://aimjournals.com/index.php/irjmshc 

 

 

pg. 28 

INTRODUCTION 

The contemporary market for aesthetic procedures 

demonstrates a stable growth of interest in semi-

permanent technologies aimed at long-term improvement 

of appearance and reduction of time costs for everyday 

self-care [2]. Permanent makeup (PM), or cosmetic 

micropigmentation, under these conditions has 

developed into an independent field that is no longer 

limited to imitation of decorative cosmetics, but 

functions as an important tool of comprehensive aesthetic 

and paramedical correction. The relevance of its 

scientific study is determined not only by the expansion 

of consumer demand, but also by the need for rigorous 

justification of techniques in terms of safety, 

predictability of the aesthetic outcome, and long-term 

pigment retention. 

Industrial reports for 2024–2025 indicate a significant 

development dynamic of the global permanent makeup 

market: the total volume of this segment in 2024 is 

estimated in the range from 152.4 to 154.2 million US 

dollars [1]. It is projected that by 2033 the market will 

reach 332.6 million dollars, demonstrating an average 

annual growth rate (CAGR) of about 7.9–8.3% [1]. In the 

structure of demand, procedures aimed at the correction 

and shaping of eyebrows predominate; however, the 

segment of eye micropigmentation, including interlash 

filling, shows particularly pronounced positive dynamics 

and over recent years has increased by approximately 

25% [2]. Such an economic configuration emphasizes the 

strategic importance of developing and scientifically 

validating high-precision, standardized, and safe 

techniques for working with such a functionally and 

anatomically delicate area as the eyelid margin. 

Interest in PM procedures is largely driven by the 

aspiration to maintain a flawless, ready-for-display 

appearance in a 24/7 mode, which is especially 

characteristic of individuals with high social and 

professional activity, particularly women who combine 

intensive work-related and household workloads [2]. The 

psychological effect of micropigmentation, including the 

restoration or enhancement of natural features, correction 

of asymmetry, and formation of a stable sense of 

grooming, is associated with a reduction in anxiety 

related to appearance and with increased emotional 

resilience and self-confidence [9]. High levels of 

satisfaction with the results, reaching about 95% among 

clients [2], indicate the pronounced social significance of 

permanent makeup procedures and their influence on 

quality of life. 

From a scientific perspective, the field of interlash 

micropigmentation is based on a sufficiently well-

described anatomy of the eyelid margin. This structure 

has a complex organization and includes the anterior 

margin with the eyelash row and associated Zeis 

sebaceous glands and Moll sweat glands, as well as the 

posterior margin, bounded by the Marx line and the 

excretory ducts of the meibomian glands [3]. These 

morphological elements play a key role in the formation 

and maintenance of a stable tear film, which is critically 

important for preserving the optical properties of the 

cornea and preventing dry eye syndrome [10]. Any 

intervention in this area is inevitably associated with the 

risk of disturbing the delicate balance between cutaneous, 

mucosal, and glandular components, which underscores 

the necessity of strict control over the depth and 

localization of pigment implantation. 

In parallel with anatomical research, a body of 

knowledge is actively forming in the field of visual 

psychophysics, including the study of mechanisms of 

contour and contrast perception. It has been shown that 

object and shape recognition is largely determined by the 

ability of the visual system to extract contours from a 

complex visual environment [11]. Enhancement of local 

contrast, as demonstrated by studies of visual adaptation, 

plays a decisive role in the formation of the perceived 

image and the subjective sharpness of boundaries [12]. In 

addition, it has been established that the human eye has 

high sensitivity to asymmetry in the periorbital area: 

differences in eyelid closure of more than 1 mm are 

registered and accurately recognized by more than 90% 

of observers [13]. Taken together, these data establish 

strict requirements for the accuracy of pigment 

positioning, for the reproducibility of lines, and for 

maintaining symmetry when performing 

micropigmentation in the interlash zone. 

Despite the presence of a substantial body of research in 

ophthalmology, dermatology, and psychophysics, a 

pronounced scientific gap persists, associated with the 

lack of interdisciplinary integration. In particular, the 

available literature lacks an integral model that would 

simultaneously take into account the microanatomical 

constraints of the eyelid margin, the technological 

parameters of implantation (depth of pigment insertion, 

type and configuration of needles, characteristics of the 

devices), and the psychophysical thresholds of perception 

of the aesthetic result, such as the degree of naturalness 

of the visual effect, the perceived density of the eyelash 

row, and the symmetry of lines. The absence of 

objectified quality metrics applicable to the evaluation of 
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interlash micropigmentation contributes to high 

variability of clinical and aesthetic outcomes, which 

complicates the standardization of techniques and the 

comparability of data among different practitioners and 

centers. 

Under these conditions, a research objective is 

formulated that is aimed at a comprehensive analysis of 

the physiological, technological, and aesthetic 

foundations of micropigmentation of the interlash space 

in order to develop and validate a technique that ensures 

maximal safety, high accuracy of pigment positioning, 

and a pronounced yet natural optical effect. Achieving 

this objective presupposes a stepwise solution of a 

number of interrelated tasks, including analysis of the 

anatomical and physiological risks and identification of 

critical limits of implantation depth in the eyelid margin 

zone; elucidation of the psychophysical mechanisms 

underlying the formation of the optical densification 

effect of the eyelash row due to local contrast 

enhancement; systematization of technological 

requirements for equipment, needle modules, and 

pigments that ensure durability and accuracy of 

application; as well as empirical validation of the 

proprietary technique based on the assessment of 

professional metrics such as accuracy and speed of the 

procedure, and applied paramedical outcomes. 

The scientific novelty of the proposed approach 

lies in the fact that, on the basis of an interdisciplinary 

synthesis of anatomical, ophthalmological, 

technological, and psychophysical data, the critical 

technological parameters of micropigmentation of the 

interlash space are substantiated for the first time. These 

parameters are aimed at minimizing physiological risks 

for the structures of the eyelid margin while 

simultaneously maximizing the optical effect of 

densification of the eyelash row, with mandatory 

observance of thresholds of naturalness and functional 

preservation of the periorbital area. In this way, 

prerequisites are created for the development of a 

standardized, reproducible, and scientifically validated 

technique. 

As the author’s hypothesis, the proposition is 

considered that strictly dosed and controlled pigment 

injection in the interlash space at the level of the 

transitional zone of mucosa and skin, corresponding to 

the microscopic anatomical constraints of the Marx line, 

can provide a predictable and stable optical effect of 

increasing the perceived density of the eyelash row. It is 

assumed that this effect can be objectified using a set of 

aesthetic and psychosocial metrics that reflect the 

perception of naturalness, symmetry, and overall 

attractiveness of the periorbital area, as well as changes 

in psychological indicators related to confidence in one’s 

own appearance. 

Materials and Methods 

The study was based on the method of systematic review 

and deductive analysis, which made it possible to 

integrate heterogeneous data from ophthalmology, 

dermatology, psychophysics, and materials science into a 

single analytical framework. The sample included 

scientific publications and industrial reports of recent 

years, with deliberate priority given to peer reviewed 

sources indexed in the international databases Scopus and 

Web of Science, which ensured the necessary level of 

academic rigor, representativeness, and reliability of the 

conclusions obtained. 

In the part devoted to the analysis of anatomical and 

physiological constraints, the morphology of the eyelid 

margin as the key zone of pigment implantation was 

examined in detail. Particular attention was paid to the 

spatial arrangement of eyelash follicles and their 

associated Zeis and Moll glands, the topography of the 

ducts of the meibomian glands oriented parallel to the 

eyelid margin and providing the lipid component of the 

tear film, as well as the Marx line, which marks the 

transition from cutaneous epithelium to mucous 

membrane and serves as an important landmark for 

limiting the depth of invasive impact. On the basis of 

comparison of morphological data and clinical and 

functional characteristics, a boundary of safe needle 

penetration depth was formulated: it was established that 

interlash filling that does not extend beyond the papillary 

layer of the dermis (less than 0.5 mm) makes it possible 

to minimize the risk of damage to the excretory ducts of 

the meibomian glands and, consequently, reduces the 

probability of developing chronic meibomian gland 

dysfunction and the associated dry eye syndrome. 

The psychophysical aspect of the study was aimed at 

explaining the mechanism of the so-called optical 

densification of the eyelash row. The procedure of 

interlash micropigmentation was considered not as 

simple application of an additional color layer, but as an 

instrument of targeted enhancement of local contrast and 

contour expressiveness in the periorbital area. For 

interpretation of this effect, data on visual adaptation and 

contour processing were used, according to which 

enhancement of a dark linear structure in the immediate 
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vicinity of the eyelash row can optically increase the 

perceived density and fullness of neighboring elements 

without an actual change in their number. The key 

methodological parameter was the required accuracy of 

pigment positioning, determined on the basis of 

psychophysical thresholds for asymmetry recognition: 

according to literature data, the human visual system 

demonstrates an exceptionally low threshold for 

detecting differences in the eye area, where deviations 

exceeding 1 mm are reliably registered by the vast 

majority of observers. From this, the logical conclusion 

was drawn that it is necessary to ensure submillimeter 

accuracy (less than 0.5 mm) when performing interlash 

micropigmentation as a technological standard. 

The technological block of the study was focused on 

analysis of the authorial microdot layering technique 

used for work in the interlash space and in the eyebrow 

area. Hardware and instrumental parameters were 

considered, primarily the use of specialized PMU needles 

of small diameter, generally in the range of 0.18–0.25 

mm, with an elongated taper. This needle configuration 

provides more controlled and gentle penetration into the 

superficial layers of the dermis, which is of fundamental 

importance for the highly sensitive eyelid area, and also 

reduces the likelihood of lateral pigment migration 

leading to blurring of the contour and loss of line 

sharpness. At the same time, the materials science 

characteristics of the pigments used were analyzed: for 

interlash filling, preference is given to stable inorganic 

systems based on iron oxide and carbon black. These 

pigments are characterized by a comparatively large 

particle size, on the order of 6 µm, which favorably 

distinguishes them from nanodispersed systems common 

in traditional tattoo inks. Larger particles demonstrate 

increased stability within the papillary layer of the dermis 

and a lower tendency to rapid elimination, which 

supports the semi-permanent nature of the procedure and 

allows the result to be maintained within a predetermined 

time window. 

Objective validation of the effectiveness and quality of 

the authorial technique was carried out in two 

complementary directions. First, the quality of the result 

was correlated with the judging criteria of international 

professional permanent makeup championships, where 

such parameters as symmetry, cleanliness of lines, 

technical impeccability of execution, and the degree of 

naturalness of the visual effect were analyzed. Prize 

winning places and receipt of the Grand Prix in such 

competitions were considered as independent external 

confirmation of the high level of technological and 

artistic implementation of the technique. Second, the 

efficiency of the workflow was analyzed: timekeeping of 

procedures made it possible to quantitatively record an 

increase in the speed of work performance by 

approximately 30% while maintaining the required 

accuracy and stability of the result, which indicates 

optimization of the technological protocol without 

compromises in terms of safety and aesthetic quality. 

Results and Discussion 

This section concentrates and interprets the empirical 

data obtained, which establish a relationship between 

physiological constraints, psychophysical requirements, 

and technological parameters in the validation of the 

proposed technique. Anatomotopographic analysis 

confirms that the interlash space belongs to one of the 

most vulnerable and technically challenging zones for 

dermopigmentation, since the eyelid margin includes a 

number of critically important structures, damage to 

which may lead to persistent ophthalmological disorders. 

The most significant structure is the anterior eyelid 

margin, the area of eyelash emergence, where the target 

for pigment implantation is formed. The optimal 

localization of pigment is limited to the papillary layer of 

the dermis, located at a depth of no more than ≈0.5 mm. 

At this level, the pigment is captured and retained by 

macrophages, which ensures a controlled semi permanent 

result, whereas deeper implantation, characteristic of 

classical tattooing, or excessively superficial application 

is associated with an increased risk of complications [16]. 

The key physiological risk is associated with the close 

location of the ducts of the meibomian glands, which are 

anatomically localized along the posterior eyelid margin, 

in the immediate vicinity of the Marx line [3]. Excessive 

needle penetration depth or deviation of the insertion 

angle from the safe range may cause mechanical 

obstruction or structural damage to these glands, which is 

considered a leading pathogenetic factor in evaporative 

dry eye syndrome (MGD) [10]. In this regard, interlash 

filling can be considered relatively safe only under the 

condition of a strictly dosed, minimally invasive 

technique, the implementation of which relies on the use 

of ultrathin needles (0.18 mm 1RL) with an elongated 

taper [15]. Additional importance is attached to the 

prevention of pigment migration (blur). This 

phenomenon occurs in situations where the pigment, 

often with its excessively deep implantation or the use of 

low quality formulations, is intensively phagocytosed by 

macrophages and subsequently translocated along 

lymphatic pathways, forming undesirable contour 
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spreading and a decrease in the sharpness of the interlash 

line [6]. 

Table 1 describes the relationship between the anatomical 

structures of the eyelid margin and the technological 

parameters of micropigmentation. 

Table 1. Relationship between anatomical structures of the eyelid margin and technological parameters of 

micropigmentation (compiled by the author based on [3-6; 19, 20]). 

Anatomical 

landmark 

Critical physiological 

challenge 

Optimal technological 

PM parameter 

Consequences of 

violation (risks) 

Moll and Zeis 

glands 

Secretion of lipids and 

sweat, eyelash follicles 

Implantation depth 0.5 

mm, low traumatization 

Chronic 

inflammation, eyelash 

loss 

Mucocutaneous 

junction (Marx 

line) 

Boundary of the 

mucosa, retention of the 

tear film 

Needle 0.18–0.25 mm, 

dotted layering, low stroke 

rate 

Pigment migration 

(blur), chronic 

irritation 

Dermal layer 

(papillary) 

Pigment retention by 

macrophages 

Use of stable inorganic 

pigments, particles 6 µm 

Rapid pigment 

elimination, reduced 

durability 

The aesthetic outcome of interlash micropigmentation is 

determined primarily by the formation of an optical 

illusion rather than by the reproduction of the effect of 

decorative cosmetic eyeliner. The methodological basis 

of the technique relies on the activation of fundamental 

visual mechanisms involved in the analysis of shape, 

boundaries, and image contrast. The introduction of dark 

pigment into the interlash space induces an effect 

described as enhancement of contour contrast. [5] The 

formation of a dark band along the eyelid margin sharply 

increases differentiation of the light signal between the 

sclera, the iris, and the surrounding cutaneous structures, 

thereby initiating a more pronounced response of the 

neural circuits responsible for processing contour 

information. The increasing contrast results in the lash 

line being subjectively perceived as denser and more 

intensely colored in the absence of actual changes in the 

number or thickness of the eyelashes, which is consistent 

with general regularities of visual adaptation, in which 

the intensity of object perception is amplified by its high-

contrast surround. [12] 

To preserve a high degree of aesthetic naturalness, the use 

of the technique of microdot pigment layering becomes 

crucial, by means of which a thin structure with 

inhomogeneous density is formed that visually 

approximates a soft shadow originating from the hair 

follicles rather than a continuous linear element. [21] In 

the case of formation of an even, graphically 

homogeneous line, there is a risk that it will be interpreted 

by the visual system as an artificial visual artifact, which 

reduces the subjective assessment of the naturalness of 

the result and shifts attention to the technical intervention 

rather than to the harmonization of the appearance of the 

periocular region. [22] 

The need for submillimeter precision of positioning and 

strict control of the depth of pigment implantation, 

determined by physiological and psychophysical 

limitations, emphasizes the exceptional importance of 

technical mastery and technological accuracy of the 

applied methodology. The author’s approaches to 

permanent makeup, including modified techniques for 

the design of the eyebrows and interlash space aimed at 

achieving a result that is maximally natural and at the 

same time long-lasting, have demonstrated high practical 

effectiveness. 

Objective evaluation of the quality of the developed 

methodology was obtained within the framework of 

professional championships, where the author won prize-

winning places in all three zones and was awarded the 

full spectrum of Grand Prix titles provided for by the 

event regulations. The judging criteria of such 

competitions include a multiparametric analysis of 

symmetry, accuracy of execution, coloristic solution, and 

the degree of naturalness of the visual result, which 
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imparts particular validity to such an assessment. [7] The 

high scores recorded at the championships serve as direct 

confirmation that the technique used ensures geometric 

symmetry that markedly exceeds the thresholds of visual 

perception of asymmetry described in the literature (less 

than 1 mm). [13] 

The key technological achievement of the author’s 

development was the optimization of the working 

algorithm, which made it possible to increase the speed 

of the procedure by approximately 30% while 

maintaining maximal precision and a high degree of 

naturalness of the result. Such an increase in efficiency 

has critical practical significance, since it reduces the 

duration of the intervention, lowers the level of 

discomfort for the client, and simultaneously increases 

the economic effectiveness of the specialist’s work. The 

revision and improvement of the instrument kinematics, 

as well as of the parameters of the pigment application 

technique itself, which ensured the indicated gain in 

productivity without compromising quality, can be 

regarded as an important stage in the evolution of the 

field. 

High-precision aesthetic micropigmentation, requiring 

submillimeter control of depth and contour, forms 

competences that find direct application in critically 

important paramedical areas such as scar camouflage and 

reconstruction of the Nipple–Areola Complex (NAC 

reconstruction). [23] Such interventions possess 

pronounced psychosocial significance, since they 

contribute to the restoration of bodily image integrity and 

identity, especially in women who have undergone 

traumatic injuries or radical surgical interventions, 

including mastectomy. [9] 

Areola reconstruction implies not only precise color 

matching but also the creation of a convincing three-

dimensional optical illusion, which is regarded as one of 

the highest levels of technical mastery in 

dermopigmentation. [24] Additional complexity is 

introduced by the characteristics of scar tissue and 

mucous membranes (for example, in the correction of 

post-traumatic changes of the lips), which require a 

specific approach to the selection of materials and to the 

control of pigment implantation depth. [25] Under these 

conditions, the use of pigments with an increased particle 

size (up to 6 μm) acquires decisive importance, since 

their geometric characteristics and tissue stability 

determine the durability and predictability of the 

paramedical outcome. [19] 

Further refinement of professional techniques in aesthetic 

and paramedical dermopigmentation is inevitably 

associated with regulatory constraints, especially when 

attempts are made to integrate them into the international 

professional field. Thus, to engage in practice in the USA, 

licensing is required, the parameters of which vary 

substantially from state to state and are often determined 

at the level of local jurisdictions, where permanent 

makeup is effectively equated with traditional tattooing. 

[26] In certain cases, obtaining a license is associated 

with the necessity of completing extensive, weakly 

relevant courses that include hundreds of hours of 

training in disciplines not directly related to makeup and 

dermopigmentation. [29] Under these conditions, the 

existence of scientifically substantiated, verified 

methodologies whose effectiveness is confirmed by 

international professional awards becomes a key 

evidence-based resource for confirming the high 

qualification of a specialist within a fragmented and 

heterogeneous regulatory landscape. 

In Fig. 1 the distribution of the fields of application of 

permanent makeup is demonstrated. 
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Fig.1. Distribution of the fields of application of permanent makeup (compiled by the author based on [1]). 

The long-term stability of the result of permanent 

makeup, in combination with its fundamental 

reversibility, distinguishes this technology from classical 

tattooing and is determined primarily by the 

characteristics of the pigments used. As colorants, 

pigments with larger and less stably fixable particles are 

predominantly used, mainly of inorganic nature (for 

example, iron oxide based), which, among other things, 

is associated with a lower incidence of allergic reactions. 

[17] Such a structural organization of the pigment 

predetermines its gradual lightening and fading over 

time, which in the context of aesthetic practice is 

interpreted not as a drawback but as a functionally 

significant advantage. As age-related and morphological 

changes of the face occur, the possibility of periodic 

correction of the shape and intensity of permanent 

makeup, rather than being bound to an irreversible 

design, becomes a determining condition for maintaining 

visual naturalness and high satisfaction with the result. 

[16] 

The results of validation of the author’s methodologies 

demonstrate a direct relationship between the 

technological precision of execution — including control 

of the depth, density, and distribution of the pigment — 

and the subjective assessment of naturalness, which 

makes it possible to regard these parameters as key 

quality metrics in permanent makeup. 

Table 2 contains quantitative metrics of PMU 

effectiveness and their validation. 

 

Table 2. Quantitative metrics of PMU effectiveness and their validation (compiled by the author based on [2, 

6, 13, 15]). 

Quality metric Application area Achieved indicator 

(author’s method) 

Scientific rationale / validation 

Symmetry 

accuracy 

Periorbital area Deviation 0.5 mm Below the threshold for perception of 

asymmetry (detection >90% at 1 mm) 

Process 

efficiency 

Work speed Increase by 30% Optimization of needle kinematics, 

reduction of tissue trauma 
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Pigment stability Longevity/contour Minimal/absent 

migration (blur) 

Depth control, selection of coarse-dispersed 

inorganic pigments 

Psychosocial 

effect 

Quality of life Satisfaction 95% Restoration of confidence, reduction of 

anxiety 

High geometric precision and a minimal level of 

asymmetry represent a necessary but insufficient 

condition for achieving visual naturalness of the result. 

Of critical importance is the use of the microdot layering 

technique, which forms a complex optical illusion of 

texture and density approximating the natural distribution 

of hairs and shadows. In combination with asymmetry 

values that are below the perceptual threshold, such a 

spatially differentiated pigment structure ensures the 

highest possible assessment of the naturalness of the 

aesthetic outcome. [21] (see Fig. 2). 

 

 

Fig.2. Correlation between objective accuracy and subjective perception of naturalness (compiled by 

the author based on [13, 21]). 

Figure 3 demonstrates a pronounced inverse relationship 

between the objective indicator of precision (the 

magnitude of deviation from symmetry) and the 

subjective assessment of the naturalness of the result: as 

asymmetry decreases into the submillimeter range, the 

subjective evaluation of naturalness approaches maximal 

values. This trend, adapted from the data in [13], is 

consistent with the dynamics of the development of the 

permanent makeup market, where the stable growth in 

demand for services additionally confirms the strategic 

significance of the continuous refinement of techniques. 

Conclusion 

The conducted comprehensive analysis has formed a 

multidimensional scientific rationale for the technique of 

interlash space micropigmentation and has shown that 

this procedure represents a highly complex aesthetic 

intervention, the implementation of which presupposes 

the integration of interdisciplinary knowledge in the 

fields of ophthalmologic physiology, psychophysics of 

visual perception, and materials science. The key 

outcome of the study was the establishment of a critical 

relationship between technological precision and, 
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simultaneously, aesthetic effectiveness and the level of 

procedural safety. It has been demonstrated that the 

mechanism of optical densification of the lash line is 

based on the psychophysical phenomenon of contour 

contrast enhancement, the implementation of which 

requires submillimeter accuracy of pigment implantation. 

The physiological safety of the procedure is determined 

by strict control of the needle penetration depth (≤ 0.5 

mm), which is a necessary condition for preventing 

damage to the meibomian gland ducts and minimizing 

the risk of pigment migration. 

Empirical validation of the author’s microdot layering 

technique has demonstrated its capacity for technological 

optimization of the process, expressed in a 30% increase 

in the speed of the procedure while simultaneously 

maintaining an extremely high quality of the result. These 

data, additionally supported by independent professional 

awards, make it possible to regard the developed 

methodology as a new reference standard of technical 

execution, relevant for both aesthetic and paramedical 

dermopigmentation (scar camouflage, areola 

reconstruction). The obtained results make a significant 

contribution to the processes of industry standardization, 

forming a scientifically grounded set of technological 

parameters that can serve as a basis for the development 

of unified international protocols. Promising directions 

for further research include long-term monitoring of 

pigment biostability in various tissue types (scar tissue, 

mucous membranes), as well as the creation of 

quantitative instrumental methods for assessing the 

naturalness and durability of results, which will make it 

possible to ensure sustainable development of this 

segment under conditions of growing global demand. 
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