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Abstract

Hair extension practice rarely fails in a single dramatic way. It fails gradually when the cumulative load on natural hair
exceeds its structural reserve, when an attachment zone absorbs repeated tension it was not assessed to sustain, or when a
client's actual maintenance behavior falls short of what the installation required. This article develops a literature-based
algorithm for gradual hair extensions that treats the procedure as a staged adaptation process rather than a one-time
intervention. The study draws on 20 verified English-language sources covering hair and scalp diagnostics, hair
camouflage, scalp reactions, traction-related damage, and material exposure. It also references the Hair Biomechanical
Tolerance Dataset (Cowan Y, 2026), a synthetic illustrative dataset of 108 hypothetical archetypes with rule-generated
action directives. Three patterns from this model informed the algorithm. First, scalp condition was encoded as an absolute
procedural gate: all archetypes with active erythema or pre-traction markers were assigned refusal, regardless of hair
thickness, density, or zone. Second, staged extension is exclusively a Supportive and Conditional zone procedure: none of
the 24 Staged Extension profiles is located in the high-risk marginal zone. Third, aftercare compliance reduces safe wear
duration by 1.3 to 1.7 weeks across all scalp zones, making it a planning variable rather than post-procedural advice. On
this basis, the article proposes a Gradual Hair Extension Algorithm with five decision blocks: structural diagnosis, zonal
tolerance assessment, aftercare capacity assessment, phased load planning, and follow-up correction logic. Graduality is
not a stylistic preference. It is a principle of biological proportionality.

Keywords: Hair extensions, gradual hair extensions, attachment area, aftercare, traction risk, hair cosmetics, scalp
tolerance, beauty practice.
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INTRODUCTION result close to social-media references that often ignore
differences in hair density, damage history, or scalp
sensitivity. Second, the scientific and clinical literature
surrounding hair, scalp, and cosmetic correction has
grown considerably. There is now substantial knowledge
about diagnostic evaluation of hair loss, cosmetic
management of vulnerable hair, camouflage practices,
contact reactions associated with hair products,
. L ) synthetic-fiber exposure, and traction-related thinning
and the cllent'must maintain the regu}t through washing, (Dias M et al.,2021; Singh S et al.,2021; Daruwalla S ez
brushing, drying, and correction visits. For that reason, al,,2022; Hwang J et al.,2024; Abdallah S ef al.,2025).

Fhe des'ign of extensions cannot be evaluated solely by What remains underdeveloped is the translation of that
immediate appearance. It should also be evaluated by knowledge into an applied extension algorithm.
proportionality, durability, and the absence of avoidable

biological cost.

Hair extension work is usually framed as a
beauty service, yet its success depends on variables more
typical of clinical or material assessment than of simple
styling. A transformation may look convincing on the
day of installation and still prove structurally excessive
later, when the native hair must support added weight,
the attachment areas must tolerate repeated movement,

The key issue is that extension practice is rarely
governed by one variable alone. The individual
characteristics of the client influence mechanical
tolerance. The attachment area changes the local burden
of the same donor mass. Subsequent care determines
whether the installation remains orderly, dry, low-

This problem has become more relevant for two
reasons. First, clients increasingly ask for dramatic
change in a single appointment. They want more length,
more fullness, more invisibility of fixation points, and a
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friction, and safe between corrections. If one of these
elements is underestimated, the procedure may be
aesthetically impressive but functionally unstable. This
is especially evident in clients with chemically treated
hair, reduced density at the margins, scalp sensitivity, or
limited ability to maintain a demanding care routine.

For that reason, this article proceeds from a
different premise. It does not ask which extension
method is best in general. It asks how a gradual extension
strategy can be developed so that the degree of
transformation is aligned with the carrying capacity of
the client's hair, the tolerance of the attachment zone, and
the reality of post-procedural care. The study draws on
twenty verified English-language sources and on the
Hair Biomechanical Tolerance Dataset (Cowan Y,
2026), which provides computed clinical action
directives for 108 archetypes across the full range of
structural profiles, scalp zones, and aftercare conditions.
The aim is to formulate an evidence-informed algorithm
suitable for professional consultation and staged
extension planning.

The literature relevant to this topic is broad but
fragmented. It includes work on hair and scalp
diagnostics, aesthetic camouflage, prosthetic
alternatives, scalp reactions to cosmetic products,
synthetic-hair exposure, traction-related pathology, and
texture-specific ~ vulnerability. Individually, these
publications answer different questions. Read together,
they provide a useful foundation for a staged extension
model.

The first group of studies concerns the
assessment of hair and scalp status. Singh S et al (2021)
propose a practical diagnostic approach to hair loss that
emphasizes  structured evaluation rather than
impressionistic judgment. Ramsauer K (2021) likewise
argues that management of hair concerns beyond
standard therapy requires individualized reasoning.
Kinoshita-Ise M et al (2022), writing on trichoscopy,
reinforce the value of disciplined observation and shared
terminology. Although these papers do not focus on
extensions, they establish a principle essential for
extension work: visible fullness is not the same as
structural reserve. A consultation that ignores fragility,
thinning, breakage, or scalp discomfort begins with
incomplete information.

A second body of literature examines aesthetic
compensation itself. Park J et al (2018) discuss wigs as a
meaningful option in severe alopecia areata. Daruwalla
S et al (2022) review hair camouflage in a broad practical
sense, and Taye M et al (2023) consider camouflage in
Black women while explicitly noting that some
appearance-improving practices may worsen hair loss
when they rely on adhesives, chemicals, or high-tension
styling. Courtney A et al (2024) further show that wigs
involve not only aesthetic but also psychosocial and
economic dimensions. Together, these studies widen the

field of acceptable professional response. They imply
that the desired look and the biologically safest method
do not always coincide, and that a responsible specialist
sometimes achieves the client’s goal through reduction,
redistribution, or substitution rather than through
maximal durable attachment.

The third group of sources concerns reactivity,
contact exposure, and the chemical environment of hair
work. Karim M et al (2023) show that popular hair care
practices and ingredients can create a meaningful
potential for allergic contact dermatitis. Warshaw E et al
(2022) summarize contact dermatitis associated with hair
care products, Hwang J et al (2024) describe scalp
allergic contact dermatitis as an underdiagnosed
problem, and Cebolla-Verdugo M et al (2024) review
contact dermatitis due to hair care products more
broadly. These papers matter because the extension
environment is not defined only by fixation. It is also
defined by intensified product exposure, longer drying
times, friction patterns around bonds or rows, and
sometimes adhesives or synthetic fibers close to the
scalp. The literature on synthetic materials strengthens
this point. Dlova N et al (2021) report irritant contact
dermatitis associated with synthetic hair extensions in
patients with an atopic history. Auguste D et al (2020)
show volatile organic compound emissions from heated
synthetic hair, and Franklin E et al (2026) identify
chemicals of health concern in extension materials. Such
findings do not invalidate hair extensions as a category,
but they show that material choice and heat behavior
belong inside the risk assessment.

The final major literature cluster concerns
traction and region-specific vulnerability. Abdallah S et
al (2025) report a high prevalence of traction alopecia in
women in North Sudan and identify associated factors
connected with hair practices. Anaba E et al (2025)
demonstrate measurable reductions in hair density and
shaft diameter in different severities of anterior scalp
marginal traction alopecia. Geisler A et al (2024),
reviewing disorders in curly hair, emphasize that texture-
specific  vulnerability, grooming patterns, and
mechanical stress can alter both diagnosis and
management. Chen L et al (2024), although presenting a
case-based discussion, also remind us that altered texture
behavior may signal a bigger change. Taken together,
these sources suggest that the margin and other sensitive
attachment areas must be treated as zones of limited
tolerance, especially when density is already reduced or
the hair is fragile, textured, or cosmetically
compromised.

One more important issue appears in research
on client perceptions of corrective options. Kim M et al
(2025), studying scalp micropigmentation among
dermatology outpatients with hair loss, show that
awareness, preference, and treatment experience shape
how clients interpret aesthetic correction. This is directly
relevant to consultation in extension practice. Clients do
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not necessarily request the most appropriate solution;
they request the form of correction they know. A
professional algorithm, therefore, has to translate visual
desire into a safer procedural equivalent.

An illustrative quantitative example of this gap
is available. The Hair Biomechanical Tolerance Dataset
(Cowan Y, 2026) computes a hypothetical clinical action
directive for each of 108 client archetypes using four
integrated factors: base carrying capacity derived from
shaft diameter, a degradation coefficient reflecting
chemical history, anatomical tension mapping across
scalp zones, and clinical modifiers including scalp
condition and aftercare compliance. The dataset's three-
tier zonal classification, Supportive, Conditional, and
High-Risk, directly parallels the zone-based logic that
the traction literature implies. Its Clinical Action
outputs, which range from Standard Single-Stage
through Staged Extension to Refusal, make explicit what
the reviewed literature implies: that the appropriate
procedural response is not uniform across clients, and
that the transition between procedural categories can be
sharp rather than gradual.

The central gap is now clear. There is
substantial knowledge about vulnerability, camouflage,
materials, and correction, but there is still limited
integrated guidance for deciding when enhancement
should be immediate, when it should be phased, and
when it should be redirected to a lower-burden option.
That gap justifies the present attempt to build an
extension algorithm grounded not in method prestige but
in compatibility among the client profile, the attachment
area, and the subsequent care model.

MATERIALS AND METHODS

This study is conceptual and analytical, but it
includes a small secondary empirical component. No

primary salon testing, no interviews, and no laboratory
measurements were conducted for this article. The
evidence base consisted of 20 verified English-language
sources selected for direct relevance to at least one of
four domains: diagnostic evaluation of hair and scalp,
aesthetic correction or camouflage, material and product-
related reactivity, and traction or texture-specific
vulnerability.

The analytical procedure had three stages. First,
the literature was classified by problem type. Diagnostic
papers clarified how clinicians and specialists distinguish
visible fullness from actual structural reserve (Singh S et
al,2021; Ramsauer K, 2021; Kinoshita-Ise M et
al.,2022). Camouflage and prosthetic papers clarified
that not all aesthetic correction needs to be load-bearing
or fixed (Park J et al.,2018; Daruwalla S et al.,2022;
Taye M et al.,2023; Courtney A et al.,2024). Reactivity
studies identified risks associated with hair products,
synthetic fibers, and scalp exposure (Karim M et
al.,2023; Hwang J et al.,2024; Cebolla-Verdugo M et
al.,2024; Dlova N et al,2021; Auguste D et al.,2020;
Franklin E et al,2026). Traction- and texture-related
papers clarified which zones and hair profiles are more
vulnerable to load and manipulation (Abdallah S et
al.,2025; Anaba E et al.,2025; Geisler A et al.,2024;
Chen L et al.,2024).

Second, these studies were reinterpreted
through the logic of extension consultation. The question
was not what each article originally set out to prove, but
which repeated variables matter most when planning
safer enhancement. Six variables were retained:
structural reserve of the natural hair, density reserve,
texture behavior, attachment-area tolerance, material or
scalp reactivity, and expected aftercare compliance.
These were then converted into practical consultation
dimensions.

Gradual Hair Extension Algorithm — decision logic

1. Structural diagnosis

Scalp condition

2. Zonal assessment

4. Phased load planning

5. Follow-up correction

Critical damage detected
- Reduce or redirect

High-Risk zone
- ing only, no

Low compliance
- Shorten planned cycle

Staged / Single-Stage
/ Refusal

Continue / Escalate
/ Redirect

Figure 1: Decision logic of the Gradual Hair Extension Algorithm, including the scalp condition gate and zone-
based restrictions on staged extension
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Third, the study integrated the dataset (Cowan
Y, 2026) as an empirical reference for the algorithm's
decision boundaries. The dataset archetypes were
examined to verify five propositions that the literature
supports qualitatively: that compromised hair or scalp
status lowers tolerance to heavy enhancement; that
marginal and tension-prone zones carry increased risk;
that material choice affects comfort and safety; that some
clients are better served by lower-burden corrective
options; and that maintenance behavior modifies
outcome stability. The computed outputs of the
illustrative dataset were consistent, by construction, with
all five propositions drawn from the literature, and the
pattern of results, particularly the zone-based and scalp-
condition-based  boundaries between procedural
categories, directly shaped the structure of the proposed
algorithm. It should be noted that the referenced dataset

Table 1: Analytical structure of the

consists of illustrative synthetic archetypes generated to
explore parameter relationships, and does not represent
empirical observations from real clients or patients.

The final methodological step was model
construction. Instead of mapping the algorithm to
commercial brands or to one proprietary extension
system, the article describes extension options through
behavior categories: higher-burden versus lower-burden
correction, broader versus more localized distribution of
load, reversible versus prolonged wear, and immediate
versus phased transformation. This makes the model
transferable across salon contexts. It also aligns better
with the literature, which speaks more consistently about
vulnerability and tolerance than about brand-specific
methods.

sradual extension methodology

Analytical Core variables Methodological function
block
Client profile | Density, thickness, fragility, cosmetic Defines the biological carrying capacity of the natural
history, scalp sensitivity base.
Attachment Marginal zones, mobile zones, supportive | Determines where durable or reduced-load attachment
area zones, visibility requirements is acceptable.
Care Brushing discipline, hygiene routine, heat | Predicts whether the client can maintain the planned
assessment styling habits, and correction compliance enhancement safely over time.
Dataset Hair Biomechanical Tolerance Dataset Identifies precise conditions under which Staged
reference (Cowan Y, 2026), 108 archetypes, Extension, High-Risk Protocol, or Refusal is indicated;
layer computed clinical action directives confirms zone-based and scalp-condition-based
boundaries
RESULTS AND DISCUSSION Dataset analysis reinforced and quantified this

The synthesis produced three principal findings.
First, safe extension planning depends less on selecting a
fashionable method than on matching the scale of
enhancement to the carrying capacity of the natural hair.
Second, the attachment area is a decisive predictive
variable rather than a minor technical detail. Third,
aftercare capacity should be treated as part of the
procedural decision itself.

The literature supports a basic classification of
clients by tolerance profile. One profile is relatively
resilient: acceptable density, limited visible fragility, no
major scalp sensitivity, and a care routine likely to be
maintained reliably. A second profile is conditional: the
hair can support enhancement, but only if the burden is
reduced and zonal placement is selective. A third profile
is vulnerable: low density, edge weakness, strong
chemical history, curly-hair fragility under manipulation,
scalp reactivity, or poor expected compliance with
aftercare. In this third profile, the literature repeatedly
favors lower-burden correction, staged enhancement, or
alternative camouflage rather than ambitious immediate
installation (Daruwalla S et al.,2022; Taye M et al.,2023;
Geisler A et al.,2024).

picture. The most decisive finding concerns scalp
condition as a procedural gate. Every archetype in the
dataset with active erythema or pre-traction markers
received a Refusal directive, independent of hair
thickness, chemical history, or any other variable, six
erythema profiles and five pre-traction profiles, all
resulting in 100% refusal. By contrast, only 8% of
profiles with a healthy scalp condition were refused. This
finding provides computational confirmation for what
the traction literature implies but rarely states
numerically: scalp condition is not one variable among
many. It is a gate that must be checked before any other
assessment proceeds. The zone-based findings were
equally clear. Staged Extension appeared in 44% of
Supportive zone profiles and 21% of Conditional zone
profiles, making it the most common directive in the
former. In the High-Risk zone, Staged Extension
appeared in 0% of profiles. The High-Risk zone
distributed its cases among Careful Monitoring (47%),
High-Risk Protocol (19%), and Refusal (33%), with
Standard Single-Stage also absent. The algorithm's zonal
logic, which restricts staging to Supportive and
Conditional zones, is directly supported by this pattern
(Figure 2).
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Clinical action distribution by scalp zone

I Standard Single-Stage
B Staged Extension
- Careful Monitoring

Refusal
12%

Refusal
{)
High-Risk B

21% No Staged Extension

in High-Risk zone

High-Risk
19%

Supportive Conditional High-Risk

Figure 2: Clinical action distribution by scalp zone (n = 108 archetypes). Staged Extension is absent from the
High-Risk zone

Aftercare compliance operated differently was 1.6 weeks (6.7 vs 5.1 weeks). Even in the High-Risk
depending on the zone and scalp condition. It did not zone, where wear cycles were already the shortest, low
shift profiles between procedural categories in a compliance removed a further 1.3 weeks relative to high-
systematic way, but it consistently shortened the safe compliance profiles (5.7 vs 4.4 weeks, Figure 3). These
wear cycle within each category. In the Supportive zone, data support treating aftercare compliance as a temporal
the mean wear cycle fell from 7.8 weeks with high planning variable: it does not determine which
compliance to 6.1 weeks with low compliance, a procedural category a client enters, but it determines how
reduction of 1.7 weeks. In the Conditional zone, the gap quickly that procedure must be followed by correction.

Wear cycle by scalp zone and aftercare compliance

I High compliance

10- @ Low compliance
% 8- 7.8w
Tw
g 6.7w
6.1w
% 6- : 5.7w
>
O
—
©
H
c 4
©
9}
=
2 -
% 29 39
fu fu fu
0- | |

Supportive Conditional High-Risk

Figure 3: Mean wear cycle by scalp zone and aftercare compliance. Refusal rates for each zone are shown at the
base of the chart
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On this basis, the authorial Gradual Hair
Extension Algorithm was developed (Figure 1). The first
block is structural diagnosis. The specialist evaluates
density, thickness, visible fragility, cosmetic history,
texture behavior, and signs of scalp discomfort. The
second block is zonal assessment. The scalp is classified
into more supportive, conditionally supportive, and high-
risk areas. The third block is aftercare assessment. The
practitioner evaluates whether the client can realistically
maintain washing, drying, separation of attachment
points, low-friction styling, and timely correction
appointments. The fourth block is phased load planning.
Instead of moving directly to the maximum desired
transformation, the specialist decides whether the case
calls for a conservative single-stage installation, a two-
stage progressive increase, a multi-stage adaptation plan,
or redirection toward a removable or lower-burden
solution. The fifth block is follow-up correction logic.
Reassessment is built into the method before any
increase in mass, length, or density is approved.

The distinctive feature of the algorithm is that it
treats graduality as a professionally precise response, not
a compromise forced by indecision. Dataset analysis
quantifies where this precision matters most. In the High-
Risk zone, a third of profiles result in outright refusal. In
the Supportive zone, nearly half can undergo staged
extension safely, meaning the same principle of caution

produces fundamentally different plans depending on
anatomical placement. The algorithm captures this by
making zone assessment a mandatory second block: the
plan cannot advance to load decisions until the
attachment area has been classified. If a client requests
prominent perimeter framing in a marginal zone already
showing edge weakness, the algorithm does not simply
reduce the planned mass. It redirects the visual task to a
zone that can support it or recommends a removable
alternative for the marginal area.

Aftercare capacity is the third pillar of the
algorithm, and the dataset confirms its planning role in
concrete terms. A difference of 1.3 to 1.7 weeks in safe
wear duration between high- and low-compliance
profiles means that two clients with identical hair and the
same attachment zone may need appointments scheduled
at different intervals. For a Supportive-zone client with
compromised hair and low compliance, the computed
wear cycle drops to approximately four to five weeks, the
minimum correction interval in the dataset. At that point,
the algorithm must either confirm that the client can
realistically meet this schedule or reduce the installation
scope until the required correction frequency becomes
manageable. Thus, the aftercare assessment is not a
conversation that follows the procedure. It is the
reasoning that determines whether the procedure should
proceed at its planned scale at all.

Table 2: Decision blocks of the Gradual Hair Extension Algorithm and their practical effects

Algorithmic | Core action
block

Expected practical effect

history, and scalp tolerance.

1. Diagnosis | Assess density, shaft thickness, fragility, cosmetic

Establishes whether the client can safely
support enhancement.

load choice | staged progression.

2. Zone Classify attachment areas as supportive, Reduces local overload and marginal tension.
mapping conditional, or high-risk.

3. Care Evaluate whether the client can maintain brushing, | Prevents a technically correct installation from
screening hygiene, heat control, and timely correction. failing during wear.

4. Gradual Choose one-stage conservative enhancement or a Aligns aesthetic ambition with structural

tolerance.

schedule

shedding, and scalp reaction.

5. Follow-up | Plan correction timing and observe comfort,

Turns the method into a monitored long-term
strategy rather than a one-time procedure.

The proposed model reframes hair extensions as
a longitudinal compatibility problem. This is one of its
main theoretical and practical contributions. In common
salon discourse, success is often measured by immediate
visual transformation. The literature reviewed here
suggests that such a standard is too narrow. An extension
result should also be judged by whether it remains
proportionate across wear, care, and correction cycles. A
method that looks seamless on day one but overloads
vulnerable areas or exceeds the client’s maintenance
capacity cannot be considered fully successful.

The article also clarifies why graduality is
scientifically meaningful. It is not simply a softer
aesthetic philosophy. It is a way of reducing uncertainty
in a context where the variables are interdependent. The
structure of the native hair, the chosen attachment area,

and the subsequent care environment all modify each
other. A phased strategy allows the practitioner to test
tolerance before authorizing greater change. In that
sense, graduality functions much like dose adjustment in
other applied fields: one begins proportionately,
observes response, and only then increases burden where
justified.

The reviewed literature on camouflage and
prosthetic options is especially helpful here. Park J et al
(2018), Daruwalla S et al (2022), Taye M et al (2023),
and Courtney A et al (2024) all imply that aesthetic
correction exists on a continuum. Once this is accepted,
the specialist is no longer forced into a binary choice
between “full extensions” and “no correction.” The field
of professional response becomes wider and more
honest. This is important because some of the greatest
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technical errors in beauty practice occur when the
practitioner tries to satisfy an aesthetic request with a
procedure that the substrate cannot safely support.

Attachment-area logic deserves the same
emphasis. Traction-related literature shows that not all
scalp zones are equally forgiving (Abdallah S ez al.,2025;
Anaba E ef al.,2025). In practical terms, this means that
uniform installation maps are difficult to defend
scientifically. If a margin is already fragile, the correct
response is not to hide the problem beneath more
ambitious fixation. It is to protect the zone, reduce local
demand, or move the visual task elsewhere. The same
principle applies to clients with curly textured hair or
altered texture behavior, where grooming stress and
fragility may already be elevated (Geisler A et al.,2024;
Chen L et al.,2024).

Aftercare is the third pillar of the model.
Product-related and scalp-reaction studies strongly
suggest that maintenance behavior changes the risk
environment of any enhancement procedure (Karim M et
al.,2023; Warshaw E ef al.,2022; Hwang J et al.,2024;
Cebolla-Verdugo M et al.,2024). If a client is unlikely to
dry attachment areas carefully, avoid excessive heat,
return on time for correction, or maintain low-friction
handling, then even a well-chosen installation may
become unsafe. The practical implication is clear: a
realistic care conversation belongs before the procedure,
not after it.

The dataset confirms this logic numerically.
Aftercare compliance reduced mean wear cycles by 1.3
to 1.7 weeks across all zones, independently of hair
structure or chemical history. In a zone where the starting
wear cycle is already short, such as the High-Risk zone
at 5.7 weeks for high-compliance profiles, a further
reduction to 4.4 weeks for low-compliance clients means
that the correction window compresses to the absolute
minimum. At that point, the realistic option is not a better
installation technique but a frank conversation about
whether the planned procedure remains compatible with
how this client actually lives with their hair.

The article has limitations. It does not include a
prospective salon trial, and the dataset archetypes are
computationally modeled rather than drawn from live
client observations. They provide reliable structural
reference points, but they do not capture individual
variation in pain thresholds, actual home care behavior,
or scalp reactivity to specific product formulations. The
proposed algorithm should therefore be understood as an
evidence-informed consultation framework rather than a
predictive clinical instrument. Another limitation is that
some of the most useful source publications are adjacent
to extensions rather than extension-specific. Yet this
reflects the reality of the field: real extension practice is
shaped simultaneously by traction diagnostics,
reactivity, camouflage logic, and client behavior, and a

narrowly technical literature review would not capture
that complexity.

Future research should test the algorithm in
salon settings through observational or prospective
designs. It would be especially useful to compare
immediate  full-load enhancement with phased
enhancement across different tolerance profiles and to
examine whether exclusion of high-risk attachment
zones improves long-term outcomes. Simplified scoring
systems for structural reserve, zonal tolerance, and
aftercare reliability could also make the model easier to
standardize in education and practice.

CONCLUSION

The analysis supports the conclusion that
gradual hair extensions should be treated as an adaptive
and risk-sensitive strategy rather than as a slower version
of ordinary installation. Their scientific value lies in
proportionality. Individual characteristics of the client,
attachment-area tolerance, and subsequent care capacity
operate together as a single decision system. When one
of these dimensions is ignored, the visible result may still
be attractive, but the procedure becomes less stable and
potentially more harmful over time.

The main contribution of this article is the
formulation of the Gradual Hair Extension Algorithm
derived from the synthesis of 20 verified English-
language sources and grounded in the Dataset (Cowan Y,
2026). The model organizes extension planning into five
linked blocks: structural diagnosis, zonal assessment,
aftercare assessment, phased load planning, and follow-
up correction logic. Analysis of the illustrative dataset
demonstrates three decision boundaries that the
algorithm formalizes, reflecting the model's built-in
assumptions  rather than independent clinical
confirmation: erythema and pre-traction markers
produced 100% refusal regardless of all other
parameters. Staged Extension is exclusively a Supportive
and Conditional zone procedure: not one high-risk zone
profile in the dataset received a staged directive.
Aftercare compliance reduces safe wear cycle duration
by 1.3 to 1.7 weeks, making it a planning variable that
belongs in consultation, not in post-installation advice.
Together, these boundaries define the conditions under
which graduality is appropriate, where it must give way
to more conservative options, and where the procedure
cannot proceed at any scale.

In practical terms, this means that the most
professional extension strategy is not necessarily the
most dramatic one. It is the one that creates a convincing
appearance while preserving the client’s own hair and
scalp over time. In theoretical terms, the article helps
integrate dermatological, cosmetic, and aesthetic
evidence into a single framework directly relevant to
extension practice. Future validation is still required, but
the logic of the model is already clear: in advanced
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beauty work, responsible transformation is gradual
because the hair must first be able to carry it.

REFERENCES

Dias, M. F. R. G,, Loures, A. F., Ekelem, C., et al,,
(2021). Hair cosmetics for the hair loss patient.
Indian Journal of Plastic Surgery, 54(4), 507-513.
https://doi.org/10.1055/s-0041-1739241

Singh, S., Kumar, M., Bala, M., & Khare, A. K.
(2021). Practical approach to hair loss diagnosis.
Indian Journal of Plastic Surgery, 54(4), 514-521.
PMID: 34984076.

Daruwalla, S. B., Dhurat, R. S., & Hamid, S. A. T.
(2022). All that a dermatotrichologist needs to know
about hair camouflage: A comprehensive review.
International Journal of Trichology, 14(3), 77-83.
https://doi.org/10.4103/ijt.ijt 6 21

Hwang, J. C., Beatty, C. J., Khobzei, K., et
al.,(2024). Allergic contact dermatitis of the scalp:
A review of an underdiagnosed entity. International
Journal of Women’s Dermatology, 10(3), el167.
PMID: 39076889.

Abdallah, S., et al, (2025). Prevalence and
associated factors of traction alopecia in women in
North Sudan: A community-based cross-sectional
study. International Journal of Women’s
Dermatology. PMID: 40005312.

Cowan, Y. (2026). Research Toolkit Biomechanical
Tolerance Dataset and Computational Model for
Safe Hair Extension Architecture (1.0) [Data set].
Zenodo. https://doi.org/10.5281/zenodo.21037485
Ramsauer, K. C. (2021). A practical guide to
treatment of hair loss beyond standard therapy.
Cutis, 107(4), E11-E15.
https://doi.org/10.12788/cutis.0236

Kinoshita-Ise, M., et al,(2022). Update on
trichoscopy: Integration of the terminology by
systematic review of the literature and consensus of
the International Trichoscopy Society. Journal of the
European  Academy of Dermatology and
Venereology. PMID: 34806223.

Park, J., Kim, D.-W., Park, S.-K., Yun, S.-K,, &
Kim, H.-U. (2018). Role of hair prostheses (wigs) in
patients with severe alopecia areata. Annals of
Dermatology, 30(4), 505-507.
https://doi.org/10.5021/ad.2018.30.4.505

Taye, M., Kamili, N. A., Aguh, C., & Krueger, L. D.
(2023). Considerations and recommendations on
camouflage in alopecia in Black women.
International Journal of Women’s Dermatology,

9(3), elll.
https://doi.org/10.1097/JW9.0000000000000111
Courtney, A., & Su, J. C. (2024). Wigs and alopecia
areata: Psychosocial impact and economic
considerations. Cosmetics, 11(2), 55.
https://doi.org/10.3390/cosmetics 11020055

Karim, M., Klein, E. J., Nohria, A., et al.,(2023).
Potential for allergic contact dermatitis in popular
hair care practices and ingredients. Dermatitis,
34(6), 484-491. PMID: 37339433,

Warshaw, E. M., et al,,(2022). Contact dermatitis
associated with hair care products. Dermatitis.
PMID: 34149001.

Cebolla-Verdugo, M., Velasco-Amador, J. P, &
Navarro-Trivifio, F. J. (2024). Contact dermatitis
due to hair care products: A comprehensive review.
Cosmetics, 11(3), 78.
https://doi.org/10.3390/cosmetics11030078

Dlova, N. C., Ferguson, N. N., Rorex, J. N., ef al,
(2021). Synthetic hair extensions causing irritant
contact dermatitis in patients with a history of atopy:
A report of 10 cases. Contact Dermatitis, 84(5), 357-
359. https://doi.org/10.1111/cod.13825

Auguste, D., et al,(2020). Volatile organic
compound emissions from heated synthetic hair: A
pilot study. Environmental Health Insights, 14.
PMID: 32063708.

Franklin, E. T., Favela, K., Spies, R., Ranger, J. M.,
& Rudel, R. A. (2026). Identifying chemicals of
health concern in hair extensions using suspect
screening and nontargeted analysis. Environment &
Health. https://doi.org/10.1021/envhealth.5c00549
Anaba, E. L., & Sani, H. (2025). A comparative
cross-sectional study of hair density and hair shaft
diameter of different severities of anterior scalp
marginal traction alopecia in women. Skin
Appendage Disorders. PMID: 40475102.

Geisler, A. N., Taye, M., Larrondo, J., Mayo, T. T.,
Aguh, C., McMichael, A., MacKelfresh, J. B., &
Krueger, L. (2024). Updates on disorders in curly
hair. International Journal of Dermatology, 63(9),
1145-1154. https://doi.org/10.1111/ijd.17184

Chen, L.-C., & Aguh, C. (2024). “Downy hair sign”-
A clue to autoimmune disease in curly hair. JAAD
Case Reports, 51, 59-62.
https://doi.org/10.1016/j.jdcr.2024.06.018

Kim, M. J., & Kim, H. S. (2025). Perceptions and
experiences of scalp micropigmentation among
dermatology outpatients with hair loss: A survey-
based study. Annals of Dermatology. PMID:
41331716.

© 2026 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

133



