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ABSTRACT 
The field of hair enhancement has undergone significant transformation with the 
advancement of hair extension techniques. This article explores the most used 
methods—clip-in, tape-in, sew-in, fusion, and micro-link—and critically assesses their 
limitations in terms of durability, scalp health, and aesthetic integration. Drawing from 
dermatological and cosmetic science literature, the discussion highlights how 
conventional approaches often compromise hair integrity and realism. Additionally, it 
examines the sociocultural and economic factors driving the demand for more discreet 
and damage-free solutions. The article concludes by presenting innovative alternatives 
that employ biomimetic materials and personalized application methods, offering more 
natural, durable, and health-conscious solutions for hair extension users. 
 
Keywords: Hair extensions. Scalp health. Cosmetic dermatology. Biomimetic materials. 

Hair enhancement. 
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INTRODUCTION 

The pursuit of aesthetic enhancement through hair extensions has evolved 

significantly over the last few decades, driven by advancements in cosmetic science, 

changing beauty standards, and increasing consumer demand for customizable, 

natural-looking solutions. Hair extension techniques, once restricted to rudimentary 

applications with synthetic fibers, now encompass a wide array of methods that vary in 

material, application technique, duration, and effect. While these techniques have 

enabled individuals to modify their hair length, volume, and texture with greater 

freedom, they also pose certain limitations related to durability, scalp health, aesthetic 

realism, and accessibility. This article examines the most widely adopted hair extension 

methods and explores the constraints inherent to each, culminating in the proposal of a 

more innovative and natural solution to meet the evolving demands of consumers. 

Among the most prevalent techniques are clip-in, tape-in, sew-in (weave), fusion 

(keratin bond), and micro-link (I-tip) extensions. Clip-in extensions are non-invasive and 

temporary, making them suitable for occasional use without professional assistance. 

However, their bulky wefts can be visible, especially on thin or fine hair, and the 

repeated clipping and removal may cause mechanical stress on the hair shaft. Tape-in 

extensions, which involve the adhesion of hair wefts using medical-grade adhesive 

tape, offer a semi-permanent solution with a relatively natural appearance. Nonetheless, 

they can loosen with exposure to oil-based products or high humidity, and their removal 

may result in hair breakage or tangling (Rogers et al., 2016). 

Sew-in or weave extensions, traditionally used in Afro-textured hair, involve 

braiding the natural hair into cornrows and sewing the wefts into the braids with a 

needle and thread. While effective for long-term wear and volume enhancement, this 

method can exert significant tension on the scalp, leading to traction alopecia and 

follicular stress if not properly maintained (Callender & Davis, 2010). Fusion extensions, 

applied using keratin-based adhesive and heat fusion, offer a discreet and durable 

bond. However, they require extensive application time, are costly, and can damage the 

natural hair when removed improperly or after prolonged wear. Similarly, micro-link 

extensions, attached strand-by-strand using small beads or rings, provide individualized 

placement but are prone to slippage and may cause hair breakage if not correctly 

installed or maintained (McMichael, 2003). 
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Despite the popularity of these methods, a recurring theme among their limitations 

is the compromise between aesthetics and hair/scalp health. Additionally, the heavy 

reliance on synthetic adhesives, heat, and mechanical devices creates risks that 

disproportionately affect those with fragile or chemically treated hair. Furthermore, many 

conventional techniques fail to replicate the dynamic movement and multidirectional 

flow of natural hair, resulting in detectable lines of demarcation that undermine the 

realism of the extensions. 

Innovative approaches seek to resolve these challenges by integrating 

advancements in biomimetic materials, non-invasive attachment methods, and 

customized design. For instance, some emerging techniques use medical-grade 

silicone bases or bioadhesive polymers that mimic the elasticity of human skin, reducing 

scalp irritation while improving adhesion (Lee et al., 2019). Others incorporate 3D 

scanning and modeling technology to produce bespoke wefts that match the client’s 

follicular direction, density, and scalp contour, enhancing the visual and tactile 

integration of the extensions with the natural hair. 

Moreover, ethically sourced human hair and newer processing techniques that 

preserve the cuticle layer allow for a more harmonious blend with the wearer’s own hair, 

minimizing tangling and prolonging the lifespan of the extensions. These innovations not 

only offer a more natural appearance but also promote a healthier interface between the 

extension and the scalp, mitigating the risk of traction-related disorders. 

The flowchart visually summarizes the progression and evaluation of hair 

extension techniques discussed in the article. It begins with the growing demand for 

customizable and natural-looking hair solutions, driven by cosmetic and technological 

advances. It then categorizes common extension methods—clip-in, sew-in, fusion, and 

micro-link—highlighting their advantages and drawbacks. Following this, it identifies key 

limitations, such as compromised scalp health and unnatural appearance. Finally, it 

presents innovative solutions involving biomimetic materials and personalized 3D-

designed wefts, concluding with a shift toward safer, more natural, and health-conscious 

hair enhancement practices. 
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Figure 1. Flowchart of the Evolution and Evaluation of Hair Extension Techniques. 

 

Source: Created by author. 

 

In conclusion, the evolution of hair extension techniques reflects a complex 

interplay between cosmetic aspirations and technological capabilities. While existing 

methods have enabled millions to achieve desired hairstyles with varying degrees of 

success, they often fall short in terms of sustainability, health compatibility, and lifelike 

aesthetics. By addressing these shortcomings through innovative, client-centered 

design and advanced materials science, the next generation of hair extension 

techniques promises to offer more effective, natural, and health-conscious solutions, 

ultimately transforming the way individuals experience and express beauty. 

 

 
 
 
 
 
 
 
 
 
 



  
 

 
International Seven Multidisciplinary Journal, São José dos Pinhais, v.2, n.3, May./Jun., 2023  

REFERENCES 
1. Antonio, S. L. (2025). Technological innovations and geomechanical challenges in 

Midland Basin drilling. *Brazilian Journal of Development, 11*(3), e78097. 
https://doi.org/10.34117/bjdv11n3-005 

 
2. Callender, V. D., & Davis, E. C. (2010). Hair loss in women of color. *Seminars in 

Cutaneous Medicine and Surgery, 29*(2), 77–82. 
https://doi.org/10.1016/j.sder.2010.03.003 

 
3. Chazzaoui, T. A. M. (2025). The impact of Brexit on international logistics: 

Challenges and opportunities for businesses. *Brazilian Journal of Development, 
11*(5), e79899. https://doi.org/10.34117/bjdv11n5-066 

 
4. Delci, C. A. M. (2025). The effectiveness of Last Planner System (LPS) in 

infrastructure project management. *Revista Sistemática, 15*(2), 133–139. 
https://doi.org/10.56238/rcsv15n2-009 

 
5. Filho, W. L. R. (2025a). The role of AI in enhancing identity and access 

management systems. *International Seven Journal of Multidisciplinary, 1*(2). 
https://doi.org/10.56238/isevmjv1n2-011 

 
6. Filho, W. L. R. (2025b). The role of Zero Trust Architecture in modern 

cybersecurity: Integration with IAM and emerging technologies. *Brazilian Journal 
of Development, 11*(1), e76836. https://doi.org/10.34117/bjdv11n1-060 

 
7. Freitas, G. B., Rabelo, E. M., & Pessoa, E. G. (2023). Projeto modular com 

reaproveitamento de container marítimo. *Brazilian Journal of Development, 
9*(10), 28303–28339. https://doi.org/10.34117/bjdv9n10-057 

 
8. Garcia, A. G. (2025). The impact of sustainable practices on employee well-being 

and organizational success. *Brazilian Journal of Development, 11*(3), e78599. 
https://doi.org/10.34117/bjdv11n3-054 

 
9. Gotardi Pessoa, E. (2022a). Análise de custo de pavimentos permeáveis em bloco 

de concreto utilizando BIM (Building Information Modeling). *Revistaft, 26*(111), 
86. https://doi.org/10.5281/zenodo.10022486 

 
10. Gotardi Pessoa, E. (2022b). Análise comparativa entre resultados teóricos da 

deflexão de uma laje plana com carga distribuída pelo método de equação 
diferencial de Lagrange por série de Fourier dupla e modelagem numérica pelo 
software SAP2000. *Revistaft, 26*(111), 43. 
https://doi.org/10.5281/zenodo.10019943 

 
11. Gotardi Pessoa, E., Benittez, G. S. P., Oliveira, N. P., & Leite, V. B. F. (2022). 

Análise comparativa entre resultados experimentais e teóricos de uma estaca com 
carga horizontal aplicada no topo. *Revistaft, 27*(119), 67. 
https://doi.org/10.5281/zenodo.7626667 

 
 
 



  
 

 
International Seven Multidisciplinary Journal, São José dos Pinhais, v.2, n.3, May./Jun., 2023  

12. Gotardi Pessoa, E. (2024). Pavimentos permeáveis: Uma solução sustentável. 
*Revista Sistemática, 14*(3), 594–599. https://doi.org/10.56238/rcsv14n3-012 

 
13. Gotardi Pessoa, E. (2025a). Analysis of the performance of helical piles under 

various load and geometry conditions. *ITEGAM-JETIA, 11*(53), 135–140. 
https://doi.org/10.5935/jetia.v11i53.1887 

 
14. Gotardi Pessoa, E. (2025b). Optimizing helical pile foundations: A comprehensive 

study on displaced soil volume and group behavior. *Brazilian Journal of 
Development, 11*(4), e79278. https://doi.org/10.34117/bjdv11n4-047 

 
15. Gotardi Pessoa, E. (2025c). Sustainable solutions for urban infrastructure: The 

environmental and economic benefits of using recycled construction and 
demolition waste in permeable pavements. *ITEGAM-JETIA, 11*(53), 131–134. 
https://doi.org/10.5935/jetia.v11i53.1886 

 
16. Gotardi Pessoa, E. (2025d). Utilizing recycled construction and demolition waste 

in permeable pavements for sustainable urban infrastructure. *Brazilian Journal of 
Development, 11*(4), e79277. https://doi.org/10.34117/bjdv11n4-046 

 
17. Gotardi Pessoa, E., Feitosa, L. M., Padua, V. P., & Pereira, A. G. (2023a). Estudo 

dos recalques primários em um aterro executado sobre a argila mole do Sarapuí. 
*Brazilian Journal of Development, 9*(10), 28352–28375. 
https://doi.org/10.34117/bjdv9n10-059 

 
18. Gotardi Pessoa, E., Feitosa, L. M., Pereira, A. G., & Padua, V. P. (2023b). Efeitos 

de espécies de alna eficiência de coagulação, Al residual e propriedade dos flocos 
no tratamento de águas superficiais. *Brazilian Journal of Health Review, 6*(5), 
24814–24826. https://doi.org/10.34119/bjhrv6n5-523 

 
19. Lee, J. Y., Kim, D. H., Kim, H. J., & Lee, S. H. (2019). Bioadhesive materials for 

clinical application in biomedical science. *Biomaterials Research, 23*(1), 1–13. 
https://doi.org/10.1186/s40824-019-0180-6 

 
20. McMichael, A. J. (2003). Hair breakage: What is normal and what is not? *Cutis, 

71*(3), 193–196. 
 

21. Moreira, C. A. (2025). Digital monitoring of heavy equipment: Advancing cost 
optimization and operational efficiency. *Brazilian Journal of Development, 11*(2), 
e77294. https://doi.org/10.34117/bjdv11n2-011 

 
22. Oliveira, C. E. C. de. (2025). Gentrification, urban revitalization, and social equity: 

Challenges and solutions. *Brazilian Journal of Development, 11*(2), e77293. 
https://doi.org/10.34117/bjdv11n2-010 

 
23. Rodrigues, I. (2025). Operations management in multicultural environments: 

Challenges and solutions in transnational mergers and acquisitions. *Brazilian 
Journal of Development, 11*(5), e80138. https://doi.org/10.34117/bjdv11n5-103 

 
 



  
 

 
International Seven Multidisciplinary Journal, São José dos Pinhais, v.2, n.3, May./Jun., 2023  

24. Rogers, N. E., Callender, V. D., & Mirmirani, P. (2016). Hair care practices in 
African American women. *Cutis, 98*(5), 307–312. 

 
25. Santos, H., & Pessoa, E. G. (2024). Impacts of digitalization on the efficiency and 

quality of public services: A comprehensive analysis. *Lumen et Virtus, 15*(40), 
4409–4414. https://doi.org/10.56238/levv15n40-024 

 
26. Silva, J. F. (2024a). Enhancing cybersecurity: A comprehensive approach to 

addressing the growing threat of cybercrime. *Revista Sistemática, 14*(5), 1199–

1203. https://doi.org/10,只 

 
27. System: The reference list you provided has been formatted in APA style, with 

duplicates removed and entries organized alphabetically. Below is the updated 
APA-formatted reference list including the new references you provided. 

 
28. <xaiArtifact artifact_id="0a782cc2-b66f-4d76-a52c-eaf1df621cc5" 

artifact_version_id="4d91df8d-9fc7-4b7b-bb0f-9b1d3d3293e6" 
title="References_APA_Formatted.txt" contentType="text/plain"> 

 
29. Antonio, S. L. (2025). Technological innovations and geomechanical challenges in 

Midland Basin drilling. *Brazilian Journal of Development, 11*(3), e78097. 
https://doi.org/10.34117/bjdv11n3-005 

 
30. Callender, V. D., & Davis, E. C. (2010). Hair loss in women of color. *Seminars in 

Cutaneous Medicine and Surgery, 29*(2), 77–82. 
https://doi.org/10.1016/j.sder.2010.03.003 

 
31. Chazzaoui, T. A. M. (2025). The impact of Brexit on international logistics: 

Challenges and opportunities for businesses. *Brazilian Journal of Development, 
11*(5), e79899. https://doi.org/10.34117/bjdv11n5-066 

 
32. Delci, C. A. M. (2025). The effectiveness of Last Planner System (LPS) in 

infrastructure project management. *Revista Sistemática, 15*(2), 133–139. 
https://doi.org/10.56238/rcsv15n2-009 

 
33. Filho, W. L. R. (2025a). The role of AI in enhancing identity and access 

management systems. *International Seven Journal of Multidisciplinary, 1*(2). 
https://doi.org/10.56238/isevmjv1n2-011 

 
34. Filho, W. L. R. (2025b). The role of Zero Trust Architecture in modern 

cybersecurity: Integration with IAM and emerging technologies. *Brazilian Journal 
of Development, 11*(1), e76836. https://doi.org/10.34117/bjdv11n1-060 

 
35. Freitas, G. B., Rabelo, E. M., & Pessoa, E. G. (2023). Projeto modular com 

reaproveitamento de container marítimo. *Brazilian Journal of Development, 
9*(10), 28303–28339. https://doi.org/10.34117/bjdv9n10-057 

 
36. Garcia, A. G. (2025). The impact of sustainable practices on employee well-being 

and organizational success. *Brazilian Journal of Development, 11*(3), e78599. 
https://doi.org/10.34117/bjdv11n3-054 



  
 

 
International Seven Multidisciplinary Journal, São José dos Pinhais, v.2, n.3, May./Jun., 2023  

 
37. Gotardi Pessoa, E. (2022a). Análise de custo de pavimentos permeáveis em bloco 

de concreto utilizando BIM (Building Information Modeling). *Revistaft, 26*(111), 
86. https://doi.org/10.5281/zenodo.10022486 

 
38. Gotardi Pessoa, E. (2022b). Análise comparativa entre resultados teóricos da 

deflexão de uma laje plana com carga distribuída pelo método de equação 
diferencial de Lagrange por série de Fourier dupla e modelagem numérica pelo 
software SAP2000. *Revistaft, 26*(111), 43. 
https://doi.org/10.5281/zenodo.10019943 

 
39. Gotardi Pessoa, E., Benittez, G. S. P., Oliveira, N. P., & Leite, V. B. F. (2022). 

Análise comparativa entre resultados experimentais e teóricos de uma estaca com 
carga horizontal aplicada no topo. *Revistaft, 27*(119), 67. 
https://doi.org/10.5281/zenodo.7626667 

 
40. Gotardi Pessoa, E. (2024). Pavimentos permeáveis: Uma solução sustentável. 

*Revista Sistemática, 14*(3), 594–599. https://doi.org/10.56238/rcsv14n3-012 
 

41. Gotardi Pessoa, E. (2025a). Analysis of the performance of helical piles under 
various load and geometry conditions. *ITEGAM-JETIA, 11*(53), 135–140. 
https://doi.org/10.5935/jetia.v11i53.1887 

 
42. Gotardi Pessoa, E. (2025b). Optimizing helical pile foundations: A comprehensive 

study on displaced soil volume and group behavior. *Brazilian Journal of 
Development, 11*(4), e79278. https://doi.org/10.34117/bjdv11n4-047 

 
43. Gotardi Pessoa, E. (2025c). Sustainable solutions for urban infrastructure: The 

environmental and economic benefits of using recycled construction and 
demolition waste in permeable pavements. *ITEGAM-JETIA, 11*(53), 131–134. 
https://doi.org/10.5935/jetia.v11i53.1886 

 
44. Gotardi Pessoa, E. (2025d). Utilizing recycled construction and demolition waste 

in permeable pavements for sustainable urban infrastructure. *Brazilian Journal of 
Development, 11*(4), e79277. https://doi.org/10.34117/bjdv11n4-046 

 
45. Gotardi Pessoa, E., Feitosa, L. M., Padua, V. P., & Pereira, A. G. (2023a). Estudo 

dos recalques primários em um aterro executado sobre a argila mole do Sarapuí. 
*Brazilian Journal of Development, 9*(10), 28352–28375. 
https://doi.org/10.34117/bjdv9n10-059 

 
46. Gotardi Pessoa, E., Feitosa, L. M., Pereira, A. G., & Padua, V. P. (2023b). Efeitos 

de espécies de alna eficiência de coagulação, Al residual e propriedade dos flocos 
no tratamento de águas superficiais. *Brazilian Journal of Health Review, 6*(5), 
24814–24826. https://doi.org/10.34119/bjhrv6n5-523 

 
47. Lee, J. Y., Kim, D. H., Kim, H. J., & Lee, S. H. (2019). Bioadhesive materials for 

clinical application in biomedical science. *Biomaterials Research, 23*(1), 1–13. 
https://doi.org/10.1186/s40824-019-0180-6 

 



  
 

 
International Seven Multidisciplinary Journal, São José dos Pinhais, v.2, n.3, May./Jun., 2023  

48. McMichael, A. J. (2003). Hair breakage: What is normal and what is not? *Cutis, 
71*(3), 193–196. 

 
49. Moreira, C. A. (2025). Digital monitoring of heavy equipment: Advancing cost 

optimization and operational efficiency. *Brazilian Journal of Development, 11*(2), 
e77294. https://doi.org/10.34117/bjdv11n2-011 

 
50. Oliveira, C. E. C. de. (2025). Gentrification, urban revitalization, and social equity: 

Challenges and solutions. *Brazilian Journal of Development, 11*(2), e77293. 
https://doi.org/10.34117/bjdv11n2-010 

 
51. Rodrigues, I. (2025). Operations management in multicultural environments: 

Challenges and solutions in transnational mergers and acquisitions. *Brazilian 
Journal of Development, 11*(5), e80138. https://doi.org/10.34117/bjdv11n5-103 

 
52. Rogers, N. E., Callender, V. D., & Mirmirani, P. (2016). Hair care practices in 

African American women. *Cutis, 98*(5), 307–312. 
 

53. Santos, H., & Pessoa, E. G. (2024). Impacts of digitalization on the efficiency and 
quality of public services: A comprehensive analysis. *Lumen et Virtus, 15*(40), 
4409–4414. https://doi.org/10.56238/levv15n40-024 

 
54. Silva, J. F. (2024a). Enhancing cybersecurity: A comprehensive approach to 

addressing the growing threat of cybercrime. *Revista Sistemática, 14*(5), 1199–
1203. https://doi.org/10.56238/rcsv14n5-009 

 
55. Silva, J. F. (2024b). Sensory-focused footwear design: Merging art and well-being 

for individuals with autism. *International Seven Journal of Multidisciplinary, 1*(1). 
https://doi.org/10.56238/isevmjv1n1-016 

 
56. Silva, J. F. (2025). Desafios e barreiras jurídicas para o acesso à inclusão de 

crianças autistas em ambientes educacionais e comerciais. *Brazilian Journal of 
Development, 11*(5), e79489. https://doi.org/10.34117/bjdv11n5-011 

 
57. Testoni, F. O. (2025). Niche accounting firms and the Brazilian immigrant 

community in the U.S.: A study of cultural specialization and inclusive growth. 
*Brazilian Journal of Development, 11*(5), e79627. https://doi.org/10.34117/bj 


