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ABSTRACT

Background: Platelet-rich plasma (PRP) therapy has been a popular androgenetic alopecia therapeutic modality, but it does not
have consistent clinical efficacy or repeatability due to differences in preparation protocols used.

Objective: to determine the outcomes of the use of a manual double-spin PRP procedure on platelet collection, growth factor
recovery, and hair restoration outcomes, keeping a constant temperature.

Methods: The sample of peripheral blood of healthy people was prepared with the help of the manual single-spin technique, the
manual two-spin (22°C and 37°C) technique, and commercial kits. Platelet concentration, the percentage of their recovery, and
growth factor concentration (VEGF, PDGF-BB, IGF-1, EGF) were measured by ELISA. Some of the statistical studies included
principal component analysis, regression modeling, and ANOVA. Clinical effectiveness was assessed through determination of
follicle density and shaft diameter through dermoscopic analysis of follicles in the scalp of 20 subjects with androgenetic
alopecia.

Results: VEGF and PDGF-BB Having significant dependence on the platelet count (r=0.921 and r=0.887, respectively), the
manual double-spin method at 22°C generated the highest platelet concentration (620x103/uL), recovery (78.6%), and growth
factor release. The control of temperature significantly enhanced the bioactive growth factor. The clinical outcomes were
improvements in patient satisfaction by 21 percent and an increase in follicular density by 16.7 percent. 95.8 percent of the
change in treatment effectiveness was attributed to the Composite Growth Factor Index (CGFI).

Conclusion: The optimized PRP protocol at 22°C is optimized, and at 22°C, it can be recommended as a clinically applicable,
cost-effective, and clinically reliable technique of regenerative hair therapy due to its superior biological yield as well as
clinical outcomes.

KEYWORDS: Platelet-Rich Plasma, Double-Spin Protocol, Growth Factor Recovery, VEGF, Hair Restoration, Regenerative
Therapy.
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INTRODUCTION

Platelet-rich plasma (PRP), a groundbreaking autologous biological therapy in the area of regenerative medicine, is highly
promising as a treatment of androgenetic alopecia (AGA) and other forms of alopecia in dermatology and trichology. Some of
the bioactive molecules and growth factors that are highly concentrated in PRP include platelet-derived growth factor (PDGF),
vascular endothelial growth factor (VEGF), insulin-like growth factor-1 (IGF-1) and transforming growth factor- beta (TGF- 0 )
[2]. The effect of these growth mediators will result in the increase in the number of hair density and hair shaft thickness they
generate by acting on the dermal papilla cells, extension of the anagen phase of the hair cycle, and enhancement of follicular
vascularization [4].

Regardless of the general combination of clinical use of PRP in the clinical practice, the wide gap in centrifugation conditions,
spin cycles, and, activation conditions exists. These discrepancies can have direct impact on the growth factor concentration as
well as platelets regeneration. Such inconsistency limits the consistency in research results and is an aspect of inconsistent
results in the outcome of treatment [1]. To realize a high platelet production and controlled degranulation and enhanced
bioactivity, recent studies have contributed to the limelight the need to maximize and standardize preparation procedures of
manual PRP preparation [3]. Combining PRP with two biological functions that activate follicular stem cells and control the
local inflammatory environment is what causes the regenerative effect of PRP in hair regeneration [S]. Thus, the platelet
enrichment and recovery of growth factors can possibly be standardized through centrifugation parameter optimization,
particularly with the use of the manual double-spin protocols under controlled ambient temperatures. This would result in an
improvement in the clinical results of alopecia patients.
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RELATED WORKS

Platelet-rich plasma (PRP) intervention may be an effective autologous therapy for androgenetic alopecia (AGA) because of its
high concentration of platelets and growth factors, leading to the regeneration of follicles. The restorative effect of PRP is due
to the fact that VEGF, PDGF-BB, IGF-1, and EGF are released by PRP, and when they act synergistically, they induce
angiogenesis, extend the anagen phase, and enhance the cell activity of the dermal papilla [6]. However, it has been found that
the changes of the preparation methods, including centrifugation rate, spin cycles, and activation temperature, have resulted in
clinically contradictory results. A comparative study demonstrated the significance of optimized centrifugation dynamics,
which implied that the efficacy of double-spin PRP was far better than that of single-spin approaches to female pattern hair loss
[7]. According to a recent meta-analysis, in most treatment environments, double-spin PRP can be used to enhance outcomes in
the areas of hair density and the patient satisfaction among patients [8]. Pretreatment PRP has been shown to increase the
degree of follicular repair and graft retention in surgical cases when used as an intraoperative retaining solution, and this is the
reason why it is primarily an adjunctive measure used in hair restoration procedures [9]. The PRP biological plausibility is
demonstrated at the molecular level by the histological data collected on animal models in determining the PRP action to
stimulate the growth of the anagen/telogen ratio and stimulate the proliferation of the dermal papilla [10]. The collective
evidence of these findings suggests that uniformity in the outcomes of PRP manual protocols should be ensured by following
standardized and standardized protocols in terms of temperature to ensure optimal viability of platelets, as well as the
bioavailability of the growth factors. The present study is an extension of the former and suggests that a reproducible and
scalable PRP preparation process can be used in the implementation in regenerative dermatology.

OBJECTIVES OF THE STUDY

< To modify the platelet yield and platelet growth factor of the hair restoration therapy with the use of PRP by optimization
of fabricated steps in preparation of platelet products.

<> To determine the relationship between spin dynamics and centrifugation temperature, platelet stability and growth factor
recovery.

<> To establish possible correlation between clinical outcomes in the condition of hair follicle density and hair shaft diameter

on both biochemical potency of PRP.

NEED AND SIGNIFICANCE OF THE STUDY

The research meets the ultimate requirement of homogenous and economical PRP preparation process in the therapy of hair
replacement. Clinical uses of PRP also constitute a considerable portion of the research despite the fact that it has poor
protocols that undermine its performance and reproducibility. In the absence of a commercial kit, the present report provides a
satisfactory procedure of manual dual spin that will maximize the platelet recovery and bioactive generation of growth factor.
Such optimization has clinical implications, which are also pertinent to such optimization since they will ensure the
homogenous treatment outcomes, cost savings, and patient satisfaction. The paper directly suggests on standardization of PRP-
based intervention of hair restoration and evidence-based achievements of regenerative medicine.

METHODOLOGY

To enhance the platelet concentration as well as growth factor rehabilitation process of the hair restoration process, an ideal
manual platelet-rich plasma (PRP) preparation program was developed and validated in the present experiment study. They also
used the use of acid-citrate-dextrose (ACD) as an anticoagulant in the process of drawing the samples of peripheral venous
blood of healthy individuals whose ages were 25 45 years. Three preparation protocols of a manual single-spin, manual two-
spin, and a commercial PRP kit method were tested at two temperatures (22°C and 37°C). The initial centrifugation step of the
manual dual spin process was a soft spin, which separated plasma and red blood cells, whereas the second centrifugation (hard
spin) caused platelets to be accumulated in the buffy coat fraction. A small quantity of plasma was then added to the platelet
pellet with the aim of enriching it. A platelet count is assessed employing an automated hematology analyzer, and percentages
of recovery and platelet concentration factors (PCF) in comparison to whole blood are computed. The addition of calcium
chloride was done to activate it so as to release growth factors and degranulate. The amounts of growth factors (VEGF, PDGF-
BB, IGF-1, and EGF) were measured by enzyme-linked immunosorbent assay (ELISA). The sample was tested three times to
ensure reproducibility. The impacts of temperature on platelet stability and growth factor recovery were analyzed by using the
comparison of the performance during ambient (22°C ambient temperature) and physiological (37°C taking place temperature)
conditions. Multivariate regression modeling was applied to determine the strength of correlations between platelet production
and growth factor recovery, and one-way ANOVA and the post hoc Tukey test were used as statistical analyses to determine
the significance of the intergroups. To determine the clinical effectiveness of PRP, dermoscopy and trichoscopy were employed
to analyze variations in hair follicle density and shaft diameter in individuals with three PRP injections (administered at three-
week intervals) and in 20 patients with androgenetic alopecia. It is due to this technique that the biochemical potency of the
optimized protocol of the PRP together with clinical translational effectiveness was assessed in a thorough manner.

RESULTS AND ANALYSIS

To maximize platelet yield, growth factor recovery (PDGF, VEGF, IGF-1, and EGF) is to be used in the treatment of hair
restoration. The current study evaluated the optimization of the manual platelet-rich plasma preparation methods (PRP). Manual
dual spin, manual single spin, and commercial kit-based methodologies were compared under controlled temperature conditions
(22°C and 37°C). The Key Performance Measures, which were relevant, were the % of platelet recovery, the growth factor
measurement in a response to an ELISA-based quantification and the platelet concentration factor (PCF). Correlation of
centrifugation factors was also conducted as well as bioactive yielding molecules. Along with substantiating the greater
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efficiency of the protocol turn out of optimization of the use of the manual dual spin under the conditions of the room
temperature, the data also offer an informative mechanism of centrifugation dynamics and activation kinetics which influence
PRP molecular constitution. The optimized manual technique is more statistical to justify the strength and validity of the
technique which incorporates regression modeling and ANOVA.

Table 1. Comparative Analysis of Platelet and Growth Factor Concentrations in Different PRP Preparation Methods

Parameter Whole Blood | Manual Single | Manual Double | Manual Double | Commercial Kit
(Baseline) Spin (22 °C) Spin (22 °C) Spin (37 °C) (Avg.)

Platelet Concentration | 210 + 32 485+ 68 620 + 72 540 £ 70 505+ 65

(x10%/uL)

Platelet Concentration | — 2.31 2.95 2.57 2.41

Factor (PCF)

Platelet Recovery (%) - 682+39 78.6 £2.7 73.4+3.5 70.9+2.9

VEGF (ng/mL) 2.12+0.34 4.85+0.72 6.42 +1.03 5.49+0.98 4.91+0.85

PDGF-BB (ng/mL) 3.78 £0.56 8.34+1.09 10.49 +1.14 10.23 £ 1.06 9.02+1.11

IGF-1 (ng/mL) 358 +3.1 64.2+49 72.3+5.2 68.4+4.8 65.7+5.1

EGF (pg/mL) 130+ 18 276 £22 315+25 294 +£24 285+21

The methodology of spinning the plates twice (22°C) gave the highest production of platelets and growth factors, as a one-way

ANOVA test revealed significant differences among groups (p < 0.001).

Table 2. Correlation between Platelet Concentration and Growth Factor Recovery

Growth Factor | Correlation Coefficient (r) | Regression Equation | p-Value | Interpretation

VEGF 0.921 y =0.009x + 0.96 <0.001 | Strong positive correlation
PDGF-BB 0.887 y=0.012x + 1.32 <0.001 | Strong positive correlation
IGF-1 0.802 y=0.061x +24.2 <0.01 Moderate positive correlation
EGF 0.763 y=0.081x+110.5 <0.01 Moderate correlation

Platelet concentration predicts the release of VEGF as well as PDGF to a significant extent, signifying that platelet alpha-
granules are the major source of these growth factors.

Table 3. Temperature-Dependent Variations in Growth Factor Recovery (Manual Double-Spin)

Reduction of temperature to 22°C preserves the platelet membrane integrity,

Growth Factor | 22 °C (ng/mL) | 37 °C (ng/mL) | % Change | p-Value
VEGF 6.42 £1.03 5.49£0.98 -14.5% 0.003
PDGF-BB 10.49 +=1.14 10.23 + 1.06 -25% 0.294
IGF-1 72.3+5.2 68.4+£4.8 -54% 0.018
EGF 31525 294 + 24 —6.7% 0.021

degranulation in platelet activation.

enhances growth factor retention, and controls

Table 4. Comparison of Manual and Commercial PRP Methods in Hair Follicle Density Improvement

Parameter Manual Double Spin (22 °C) | Commercial Kit | % Difference | p-Value
Hair Follicle Density (Follicles/cm?) | 112+ 9 96 + 8 +16.7 % <0.001
Mean Hair Shaft Diameter (pum) 68.5+5.3 59.4+4.9 +153 % <0.001
Patient Satisfaction Index (1-5 scale) | 4.6 + 0.4 38+0.5 +21.0 % <0.001

The optimized manual double-spin PRP also stimulated regeneration of hair follicles, which is why parameters of hair follicle
regeneration were significantly improved and indicated greater therapeutic efficacy.
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Table 5. Multivariate Predictive Analysis of Factors Influencing Growth Factor Recovery and PRP Potency

Parameter Independent Model R? B-Coefficient F- p- Predictive
Variables Used (+SE) value Value Interpretation
Considered
VEGF  Yield | Platelet Count, | Multiple 0.932 | Platelet Count: | 126.5 <0.001 | VEGF yield
(ng/mL) Spin Speed, | Linear 0.0087 + 0.0012 strongly predicted
Temperature Regression Spin Speed: by platelet count;
0.0021 + 0.0009 negatively
Temperature: — influenced by
0.014 + 0.004 higher processing
temperature.
PDGF-BB Platelet Count, | Stepwise 0.904 | Platelet Count: | 98.2 <0.001 | PDGF-BB
Yield (ng/mL) | Spin Method, | Regression 0.011 + 0.0014 recovery
Activation Activation Time: proportional to
Time 0.004 +0.0011 platelet enrichment
and optimized
activation time.
IGF-1 Yield | Spin Time, | Multifactor | 0.873 | F(3,24)=28.1 — <0.001 | The time of spin
(ng/mL) number of | ANOVA had a moderate
platelets, influence on the
Temp.. IGF-1; constant at
the different
temperatures.
**Composite Percent of | PCA (2 | Comp | Loading factors: | — - PCA has identified
Growth Factor | Platelets component | onent | Platelet platelet  recovery
Index Recovery, Spin | s) 1: Recovery = 0.89, and at 22 o C as the
(CGFD)**! Temp., 68.4% | Temperature = — two important
centrifugation varian | 0.74, elements of total
type. ce Double Spin = PRP potency.
Comp | 0.83
onent
2:
22.3%
varian
ce
Clinical ~ Hair | VEGF, PDGF- | Multivariat | 0.958 | VEGF: 3.12 + | 148.7 <0.001 | Combined growth
Follicle BB, IGF-1, | e 0.32 factor model
Density CGFI Regression PDGF-BB: 1.82 predicts ~95.8 %
Outcome + 0.27 variance in post-
(Follicles/cm?) IGF-1: 048 =+ treatment  follicle
0.11 density—indicating
CGFI: 426 =+ strong translational
0.49 efficacy.

The 'Composite Growth Factor Index (CGFI) is a weighted composite of normalized measures of VEGF, PDGF-BB, IGF-1,
and EGF, which is a synthetic measure of PRP potency.

The integrated study, including Table 15, has shown that the manual double-spin PRP procedure at 22°C is more effective
biologically and clinically. Maximum platelet concentration (620 x 10%/U/L), recovery (78.6 percent), and growth factor
production, particularly VEGF (6.42 ng/mL) and PDGF-BB (10.49 ng/mL), are presented in Table 1, and they are confirmed by
significant ANOVA results (p < 0.001). Table 2 shows a strong correlation between platelet count and VEGF (r = 0.921) and
PDGF-BB (r = 0.887), which implies that platelet alpha-granules are also significant repositories. Using Table 3, it can be seen
that ambient temperature (22°C) contributes better to growth factor retention, and VEGF shows a 14.5 percent decline at 37°C
(p = 0.003), which is important in ensuring platelet integrity is upheld by thermal regulation. These advantages of DNA can
then be passed on to clinical efficacy as depicted in Table 4, a 22 o C process enhanced a hair follicle density by 16.7 percent
and subjective response by patients by 21 %. Finally, Table 5 demonstrates that the Composite Growth Factor Index (CGFI) is
a powerful predictor of clinical outcomes (R? = 0.958) and is a multivariate modelling of associations between platelet count,
spin parameters, and temperature with growth factor recovery (VEGF R? = 0.932). Combined together, our findings give a
physiologically optimized, repeatable, and cost-effective PRP strategy with major translation implications on regenerative use.

4214



Platelet Rich Plasma and key Growth Factors and their Role in Hair Restoration

300
270
240
210
180
150
120

90

60

30

Growth Factor Concentration (ng/mL)

Platelet Concentration (x10%L)

700 -

700 | i

485

50

4s0 80 3
200
200 -

100 |

Whole Blood  Manual Ma
i nual M
Single Spin Double Spin Doul;:n:;.',‘ Commercial Kit
(22°c) 37 °c)

Fig 1: Platelet Concentration vs. Method Type

315
—— 04
276 / e, 205
L}
Growth Factors

—eo— EGF

—eo— IGF-1

—e— PDGF-BB

—g=— VEGF
64.2 1234 68.4 , 657
8.34 5. 10.49 10.233 5.0.02

4.85 6.42 5.49 4.91

Single Spin Double Spin (22 °C) Double Spin (37 °C) Commercial

Fig 2: Growth Factor Distribution Across Methods

VEGF {ng/mL)

P Statistics
- r=0921
[ p < 0.001

. Data points
==== Regression line

200 300 400 500 600 700

Platelet Concentration (x10%/pL)

Fig 3: Correlation between Platelet Concentration and VEGF

4215



Platelet Rich Plasma and key Growth Factors and their Role in Hair Restoration

120 4

E
L
% 80 -
5 112+9
w 5
2 75 4 /1
- /
§ /
a 96+8
g 4 %
=}
5 ?
Lo 10 - /
K] T =5
T 85+6 815
20 1
0 T 1 r T 1
Manual Double Spin Commercial Kit
(22°C)
| —s—Pre-PRP Density - Post-PRP Density

Demontrates clinical outcome enhanchen using optimized manual protocol.

Fig 4: Hair Follicle Density Improvement Post-PRP

Fig. 1 compares platelet concentrations obtained by 5 PRP preparation methods. The whole blood (210 x 10%/uL) gives the
baseline, and the maximum concentration (620 x 103/uL) is achieved by manually double-spinning at 22°C and subsequently
double-spinning at 37°C (540 x 103/uL), using a commercial kit (505 x 103/uL), and manually single-spinning (485 % 10%/uL).
The varying samples between different samples are indicated by the inclusion of error bars (£SD). The increased enrichment
efficiency of the optimized manual double-spin protocol is clearly demonstrated by the data visualization.

Fig. 2 shows the concentration of VEGF, PDGF-BB, IGF-1, and EGF in four PRP techniques. VEGF 6.42 ng/mL, PDGF-BB
10.49 ng/mL, IGF-1 72.3 ng/mL, and EGF 315 pg/mL—all the growth factors reach maximum at the manual double-spin at
22°C. concentrations from single-spin versus commercial kit methods are significantly less. The relation between growth factor
recovery and temperature is optimized as shown in the graph.

Fig. 3 shows a positive and significant relationship (r = 0.921, p < 0.001) between the platelet concentration and the VEGF
output. The participation of the platelet alpha-granules in the storage of growth factors is confirmed through the regression line
(y = 0.009x + 0.96), and indeed, the higher the platelet counts, the more the VEGF will be released. The graphic shows how
there are a mechanistic relationship between angiogenic potency and PRP enrichment.

Fig. 4 shows the comparison of the baseline and post-treatment hair follicle densities using two PRP techniques. The
commercial kit increases to 96 + 8 follicles/cm?, however, the manual double spin at 22°C increased significantly from 85.6 to
112.8. The picture outlines the clinical utility of the better manual protocol of increasing follicular regeneration.

The data presented in the analytical mode shows that at 22°C, the manual two-spin method would achieve the greatest platelet
production and high growth factor yield as the continuous platelet recovery (78.6) and the large concentrations of VEGF and
PDGF-BB. The stability of platelets is increased by temperature regulation at ambient temperatures, and this leads to reduced
premature degranulation and improved containment of premature growth factor release on platelet activation. The advantages of
the molecular products have been converted into large clinical effects (such as enhancement of the hair follicle density and
augmented thickness of shafts). The PRP autologous potency is shown by the regression analysis to be modulated through
manual optimization by creating an statistically significant correlation that exists between a platelet load and the contents of
bioactive growth factors. Overall, the findings provide a clinically and cost-efficient, scientifically reproducible PRP
preparation regimen applicable in the implementation in regenerative hair therapy.

DISCUSSION

The present research shows that in comparison to commercial or higher-temperature approaches, platelet recovery and release
of key growth factors such as the vascular endothelial growth factor (VEGF), platelet-derived growth factor-BB (PDGF-BB),
insulin-like growth factor-1 (IGF-1), and epidermal growth factor (EGF) of the manual double-spin platelet-rich plasma (PRP)
protocols are optimized at 22°C by a wide margin. The findings are in agreement with the expanding body of evidence that
centrifugation processes and heat control are critical whenever preparing PRP and its possible regenerative potential (Chu et al.,
2025) [13]. The manual double-spin techniques reached a platelet concentration factor approximately 3 times that of the
baseline; the same is commonly associated with the optimal biologic activity in hair follicle regeneration (Legiawati et al., 2023)
[16]. It is established that platelets are the main reservoir of these mediators by the high positive correlations between platelet
concentration and growth factor release, particularly the VEGF and PDGF-BB. These findings are in line with Salem et al.
(2021) [20], which reported poor clinical outcomes in single-spin preparations in comparison to double-spin PRP in female
pattern hair loss.

Temperature modulation was significant in the present study. The platelet membrane integrity was preserved at a higher level at

22°C and minimized the early degranulation and ensured that the growth factor was released on activation in a regulated
manner. On the same note, Budania and Mandal (2022) [18] found out that activation of PRP bioactivity at lower temperatures
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did not compromise the quantity of produced platelets (Mandal and Shergill, 2022) [18]. The findings also confirm Kikuchi et
al. (2019) [15], which emphasized that storage and activation conditions have a direct effect on growth factor release pattern
and PRP stability. Optimal PRP that was optimized using manual techniques was reported to result in an increase of hair follicle
density (+16.7%) and shaft diameter increase (+15.3%), which is in accordance with the clinical advantages reported in a series
of prior comparative studies. The study by Ahmed et al. (2025) [11] found that the double-spin method compared to single-spin
preparations resulted in the quantitative changes in hair density and patient satisfaction. Similarly, the findings from meta-
analysis also confirms that a double-spin PRP is superior to single-spin methods when it comes to androgenetic alopecia
(Olisova et al., 2023) [8].

PRP prolongs the anagen phase and stimulates the expansion of dermal papilla cells through the activation of numerous
signaling pathways, including ERK and Akt pathways (Gentile et al., 2019) [14]. The increase of VEGF levels presented in the
current study, in agreement with the findings of the animal models that depicted an improvement in animal anagen/telogen
ratios that improved with PRP treatment, further proves its angiogenic and folliculogenic effect (Liu et al., 2024) [19]. The
practical advantages of the manual double-spin technique on commercial kits are seen through the lens of translational
relevance. It offers repeatable platelet and growth factor profiles that do not have the consumable high cost of proprietary
systems, as they allow customization of spin speeds and temperatures (Anandan, 2023, Cristiano, 2024) [12,17]. Also, with
manual methods, more autologous plasma components remain, which is important not only in terms of clinical scalability but
also in terms of compliance with the regulations.

The multivariate predictive model of the study indicates that the composition of activation kinetics, temperature, and platelet
yield significantly (more than 95 percent) predicts the changes in the post-treatment follicle density variance. This gives weight
to the suggestion that clinical success can be directly related to quantitative optimization of parameters involved in biological
preparations so that the bench-to-bedside translation emerges. The tendency is also advisable due to the fact that Zyoud's (2024)
[5] bibliometric study marks standardized PRP optimization as a hot research spot that requires the next regenerative
dermatological studies. In summary, the platelet-producing, regulated growth factor recovery PRP technique under the most
optimal temperature, which is 22°C, generates the best clinical outcome in regaining hair growth. The method strengthens its
potential as a standard regenerative hair treatment method because it offers a regenerative, repeatable, cost-effective, and
thermodynamically efficient alternative to the commercial systems.

RESEARCH GAP

In several studies, PRP has been tested with androgenetic alopecia, but most of them were not consistent in their growth factor
and temperature regulation and methodology. Few papers have associated specific centrifugation variables with clinical and
molecular outcomes. Also, the existing commercial kits are costly and may not offer a uniform platelet concentration. Most
research has not statistically modelled the relationship between hair follicle density increase, recovery of growth factors, and
platelet enrichment. Thus, proposing and substantiating an optimized manual PRP approach, which provides a mechanistic
description of the influence of the processing factors on the biological potency and clinical efficacy, the work seals the gap.

FUTURE RECOMMENDATIONS

Future studies should also include larger multicenter clinical trials in order to establish the fact that the optimized manual PRP
process can be repeated on a wide range of demographics. Even more positive results can be achieved by comparative research
with the help of such additional methods as minoxidil, laser therapy, or microneedling. By researching biomolecular signs of
follicular response and long-term growth factor kinetics, the healing mechanism of PRP will also be comprehended in a better
way. In the future, machine learning algorithms can potentially enable it to personalize PRP treatments because ideal
centrifugation protocols can be predicted based on patient-specific hematologic characteristics, which would result in more
precise and predictable regenerative hair restoration techniques.

LIMITATIONS OF THE STUDY

The limitations of the study are its short-term follow-up and limited clinical sample size, as it is not representative enough of
the dynamics of hair re-growth on long-term follow-up. The research only used male and female patients with androgenetic
alopecia and omitted other causes of hair loss. Also, despite standardized treatment, individual variation in platelet initial count
and growth factor discharge can lead to variation. Moreover, the research employed ELISA as a method of quantification, and
this approach might not have been able to identify all bioactive molecular interactions. Future studies need to employ larger
cohorts and proteome profiling to enhance the molecular depth and overall generalizability of the results.

CONCLUSION

This study describes the use of a manual procedure that uses a double spin technique at room temperature (22°C) to optimize a
therapeutically improved, cost-effective, and scientifically validated platelet-rich plasma (PRP) production process. The
comparison of this methodology to that of the single-spin and commercial kit-based suggests that the methodology yields the
highest platelet concentration (620 x 10%/puL), platelet recovery (78.6%), and release of platelet growth factors, namely VEGF
(6.42 ng/mL) and PDGF-BB (10.49 ng/mL). The statistical analyses of platelet count and temperature, including one-way
ANOVA and multivariate regression, confirm the consistency of the protocol and its predictive power since they suggest that
platelet count and temperature are the valuable predictors of the growth factor recovery (VEGF R2 = 0.932).

It has been demonstrated that maintenance of platelet membrane integrity by keeping the temperature down to 22°C prevents
premature platelet degranulation and enhances release of bioactive chemicals in a regulated fashion. After PRP treatment, an
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improvement in the hair follicle density occurred by 16.7, and an increase in patient satisfaction was improved by 21%, which
showed that this mechanistic benefit was reflected in objective clinical improvement. Another indicator of the efficiency of the
protocol was the Composite Growth Factor Index (CGFI), which is generated on the basis of the principal component analysis
and involves the integration of both the molecular and procedural factors into one predictive factor.

More importantly, bridging the linkage between biochemical optimization and clinical performance in the management of
androgenetic alopecia, the study integrates biochemical optimization with clinical efficacy. Besides being more effective than
commercial kits in biological yield, the manual double-spin technology offers scalability and regulatory control, as well as
being adaptable to different commercial clinical situations. The above qualities render the procedure a strong candidate of
regenerative dermatological standardization. In general terms the streamlined protocol of the manual PRP at 22°C regulator
could be classified as a paradigm shift. It defends the new paradigm of PRP-based therapies on not only the hair growth but also
the widening of the scope of the potential applications of the use in the instance of the tissue regeneration due to the accelerated
recovery of platelet and growth factors and the enhanced outcome of the therapy.
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