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ABSTRACT 

	Aims: Androgenetic alopecia is the most common form of hair loss, particularly affecting men, and has a significant psychological impact on patients’ quality of life. This study aims to evaluate the effectiveness of Platelet-Rich Plasma (PRP) administration following hair transplantation using the Direct Hair Implantation (DHI) method in improving hair growth rate and survival rate of transplanted hair in patients with androgenetic alopecia.
Study design:  This study was a randomized controlled trial (RCT) involving two treatment groups: one receiving DHI and the other receiving DHI combined with PRP injections. 
Place and Duration of Study: This study was done in 6 months (within period of May-September 2025) at Farmanina Aesthetic & Hair Clinic, Denpasar, Bali.
Methodology: 
A total of 14 subjects were recruitted, which were randomly assigned into 2 groups, namely the DHI and DHI+PRP. Androgenetic alopecia grade was categorized using Norwood criteria. The primary outcome of this study was hair length after transplant. The secondary outcome was the follicle density (graft density). Hair length and graft density were assessed at baseline (day 0), week 4, week 12, and week 16 at two measurement points: 2 cm and 4 cm from the midline of the hairline. Hair length was measured from 10 hairs from a certain area using vernier caliper using milimeter (mm), and the results were averaged. Graft density measurements are carried out using a cosmetic camera equipped with Skin and Hair Analysis Software (HairSys). Statistical analyses included the Mixed Annova.
Results: Subjects mean age were 34 ± 3.26 years old in DHI and 35.71 ± 3.4 years old in DHI+PRP group. Most of them met Norwood criteria 5 (57.14%). The results showed that the DHI+PRP group experienced a significant increase in hair length and graft density compared to the DHI group. The results of the hair length analysis showed that DHI+PRP provided a mean difference in hair length of up to 9.218 cm (P < 0.001) in the 2 cm from midline area and 9.164 cm (P < 0.001) in the 4 cm from midline area. At week 16, the DHI+PRP group had a mean difference of 1.036 follicles/cm2 in the 2 cm from midline area and 1.929 follicles/cm2 in the 4 cm from midline area (P < 0.001). However, further studies are needed to explore the effect of PRP in post-transplant setting, considering this study has small sample size and short follow-up period.
Conclusion: PRP administration following DHI hair transplantation significantly enhances hair growth rate and survival rate in patients with androgenetic alopecia, supporting its role as a promising adjuvant therapy in the management of hair loss.
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1. INTRODUCTION 
Androgenetic alopecia is one of the most common hair health issues among men and can have serious psychological effects. It often leads to reduced self-confidence, stress, and even depression. Many patients feel isolated and ashamed of their appearance, which can impact their social and professional lives. In many cultures, hair symbolizes beauty, masculinity, and vitality, while baldness is associated with aging, weakness, and diminished attractiveness. This social stigma can cause significant emotional distress. This disease is characterized by progressive hair thinning caused by a combination of genetic factors and androgen hormones, affecting specific areas such as the crown of the head and hairline. The prevalence of androgenetic alopecia continues to increase, with more than 50% of men and approximately 40% of women worldwide experiencing this condition by the age of 30 (Nasution et al., 2022).
Various treatments have been developed to address androgenetic alopecia, including topical medications like minoxidil and oral drugs such as finasteride (Putri & Listiawan, 2022). However, the effectiveness of these treatments often varied and typically requires a long onset for a noticeable results. Moreover, discontinuing minoxidil use usually halts hair regrowth, causing hair density to revert to its pre-treatment state (Lockhart et al., 2016; Lucky et al., 2004). Hair transplantation has emerged as a leading solution for managing androgenetic alopecia (Stephanie, 2018; Darmaningrat et al., 2020). Advances in transplant techniques—from Follicular Unit Transplantation (FUT) to Direct Hair Implantation (DHI), a method within the Follicular Unit Extraction (FUE) category—have significantly improved outcomes, offering more natural-looking results.
Direct hair transplantation techniques face a major challenge due to limited data on the survival rate of implanted follicles. Ideally, the number of follicles that successfully grow should closely match the number implanted. However, post-surgical hair regrowth often takes a considerable amount of time, thus it might affect patient satisfaction. PRP therapy, in which is rich in cellular growth factors, shows promise in improving follicle survival and accelerating post-transplant hair growth. PRP contains key proteins that aid healing, including EGF, VEGF, IGF-1, PDGF, and TGF-β (Gupta et al., 2021).
A range of innovative approaches has been explored to treat androgenetic alopecia, including the use of Platelet-Rich Plasma (PRP) injections. PRP stimulates hair follicle cell regeneration by activating stem cells and enhancing the expression of growth factors. The diverse array of growth factors in PRP plays distinct roles in promoting hair growth (Chen et al., 2018; Stevens & Stevens, 2019).
Activated platelets release various growth factors and cytokines from their alpha granules as part of the wound-healing process. When injected into the scalp, these platelets become activated and release growth factors that stimulate hair growth. These factors activate fibroblasts, enhance collagen synthesis, stimulate the extracellular matrix, and boost the body’s natural growth factor expression (Alves & Grimalt, 2016).
The primary growth factors released by PRP include platelet-derived growth factor (PDGF), transforming growth factor beta (TGF-β), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), and insulin-like growth factor-1 (IGF-1). These molecules contribute to cell proliferation, differentiation, angiogenesis (formation of new blood vessels), and chemotaxis—all crucial for hair regeneration (Kim et al., 2011; Uebel et al., 2006). IGF-1, in particular, has been shown to prolong the anagen (growth) phase of the hair cycle.
Additionally, platelets contain dense granules filled with bioactive compounds such as serotonin, histamine, dopamine, calcium, and adenosine, which enhance membrane permeability and regulate inflammation (Leo et al., 2015; Asadi et al., 2014). In vitro and in vivo models demonstrated that PRP stimulates dermal papilla cell proliferation by activating the ERK and Akt signaling pathways, which help prevent cell apoptosis. In animal studies, PRP also accelerated the transition from the telogen (resting) to anagen (growth) phase, highlighting its potential to promote the hair growth cycle (Lee., 2012).
This study aims to explore the effectiveness of combining direct hair transplantation with platelet-rich plasma therapy in improving follicle survival rates and increasing hair length and graft density. This approach is expected to provide an innovative and comprehensive solution for those with androgenetic alopecia.
2. material and methods 

2.1 Study design 
This was a clinical trial study. The subjects were randomly assigned into 2 groups, with subjects receiving direct hair implantation (DHI) and DHI enriched with platelet rich plasma (PRP). Randomization was done with giving the subject sealed envelope containing letter A (for DHI group) or B (for DHI+PRP group). The groups then followed up in 16 weeks. This study used blinding, in which the doctors doing the hair transplant are different with doctors who do the follow up measurements. The group allocation also blinded from the assessor. 

2.2. Location
This study was done in Farmanina Aesthetic & Hair Clinic, Denpasar, Bali, Indonesia. Subjects were recruited during 4.5 months period (May 15th – September 30th 2025). 


2.3. Subject criteria
Inclusion criteria were male participants aged 30–40 years with androgenetic alopecia classified as Norwood stage 4–5, without a history of severe scalp disorders or contraindications to the therapy used in this study, and not undergoing other medical treatments that could affect hair growth. All participants were required to provide informed consent and agree to follow the study procedures.
Subjects with autoimmune diseases or skin disorders, diabetes mellitus, hypertension, heavy smoking (>20 cigarettes/day), excessive alcohol consumption (>29 ml/day), prior hair transplantation, allergies to therapeutic agents, use of medications that could influence study outcomes (e.g., finasteride or minoxidil), or those receiving anticoagulant or antiplatelet therapy for blood disorders were excluded. Meanwhile drop out criteria was subjects who refused to continue therapy or relocated outside the study area.
2.4. Sample 
The minimum sample size for this study was 12 subjects (Pocock, 2008). A total of 14 subjects were recruited based on minimal sample size added with the anticipation of subject attrition (10-20%). Subjects were assigned into 2 groups; the DHI and DHI+PRP group. The CONSORT flow diagram of the subjects recruitment, randomization, and analysis was detailed in Figure 1.
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Fig 1. CONSORT flow diagram of subjects recruitment, randomization, and analysis.


2.5. Platelet rich plasma (PRP) preparation
A total of 20 cc of venous blood was collected from each patient using a 10 cc syringe, with two separate draws of 10 cc each. The blood samples were then transferred into tubes containing anticoagulant solution to prevent clotting. Subsequently, the samples were processed by centrifugation at 3,000 rpm for 20 minutes, allowing the plasma to separate from other blood components. The separated plasma was carefully aspirated using a 3 cc syringe.The plasma was then injected into the alopecic areas of the scalp using a 30-gauge needle with the nappage technique. Platelet-rich plasma (PRP) administration was performed intraoperatively.


2.6. Graft density or grafts survival rate analysis 
Survival rate in this study was defined as the number of hair follicles survived during periods of follow-up (graft density). Follicle density in this study represents follicles or grafts/cm2 after the hair transplantation procedure. Photographs of the marked areas were taken using a cosmetic camera. To ensure consistency, the angle and distance of image capture were standardized across all sessions, including baseline (directly after transplantation), week 4, week 12, and week 16. Each image was stored with the patient’s identification code and the time of capture. Follicle survival rate was analyzed using Skin and Hair Analysis Software. The automatic counting feature was employed to calculate the number of hair follicles per cm², with manual verification performed when necessary to ensure detection accuracy.
2.7. Hair length measurement
Hair length was measured using a vernier caliper, and the initial length was documented in millimeters (mm). The average hair length was then calculated from a sample of 10 random hair strands. Hair length was measured in baseline (after transplantation), week 4, week 12, and week 16.

2.8. Follow up 
Data were recorded after treatment (Day-0), week 4, week 12, and week 16. All evaluations were conducted by an independent assessor who was not involved in the Direct Hair Implantation (DHI) or Platelet-Rich Plasma (PRP) procedures, thereby minimizing the risk of bias.

2.9. Data analysis
Data were analyzed using SPSS 26.0 version Descriptive statistical analysis was used to describe the characteristics of the data obtained, including mean, standard deviation, minimum, and maximum values, for both in day 0 and 16 weeks post-therapy follow up measurements. This analysis provided a general overview of the data distribution and variability.
Assumption testing included normality and homogeneity tests. Normality was assessed using the Shapiro–Wilk test. In this study, most of the graft density and hair length data showed normal distribution (P > 0.05). Homogeneity was tested using Levene’s test. Variance was considered homogeneous if the P-value was greater than 0.05, and all data in this study, including graft density and hair length, met this criterion.
The assumption of sphericity was also tested to determine whether the variances of the differences between all pairs of conditions in the repeated-measures design were equal. Mauchly’s test of sphericity was applied, and Greenhouse–Geisser correction was performed when Mauchly’s W was significant (p < 0.05). In this study, hair length data measured at 2 cm and 4 cm from the midline showed p < 0.05, requiring correction. Post-therapy outcome differences were analyzed using mixed ANOVA and post hoc analysis. 
3. results and discussion

3.1. Subject characteristics
The study involved 14 participants divided into two groups: DHI + PRP (n=7) and DHI (n=7). The analysis of subject characteristics showed that the majority met Norwood criteria 5 (57.14%). There was no association between Norwood criteria and smoking status with treatment groups. Furthermore, there were no statistically significant differences in subject age characteristics between the DHI and DHI+PRP groups (Table 1).

Table 1. Subject characteristics
	Variables
	N (%) / means ± SD
	Sig (P)

	
	DHI
	DHI+PRP
	

	Agea
	34 ± 3.26
	35.71 ± 3.4
	0.35

	Norwood classificationb
	
	
	

	4
	2 (14.28)
	4 (28.57)
	0.59

	5
	5 (35.7)
	3 (21.42)
	

	Smoking status
Smoking
Not-smoking
	
4
3
	
4
4
	0.782




There was no significantly differences between the DHI and DHI+PRP subjects age. A cross-sectional study using from the United States found that androgenetic alopecia affects a wide demographic range, with male onset typically between 20–39 years (Reddy et al., 2025). Similarly, a clinical-epidemiological study from India reported that androgenetic alopecia accounted for 50% of non-scarring alopecia cases, predominantly in men (76%), with the highest prevalence in the 21–30 age group (Gupta et al., 2025). 
Earlier studies also reported same findings, where most hair transplant patients (40.13%) were 31–40 years old (Ghimire, 2018). Another study also reported median patient age of 33 years within the 25–48 age range (Vasudevan et al. 2020).
3.2. Graft density after the treatments 
Hair follicles or graft density measurements at 2 cm from the midline consistently showed higher values in the DHI + PRP group compared to DHI across most observation points. Both groups demonstrated a decline in density between weeks 4 and 12, followed by recovery at week 16. 
Table 2. Graft density follow-up results.
	Follow up period
	Groups

	
	DHI+PRP (Mean+SD)
	DHI (Mean+SD)

	2 cm dari midline (n of grafts)

	Day-0
	31.29 + 1.11
	32.14 + 1.34

	Week-4
	29.14 + 1.07
	28.71 + 1.38

	Week-12
	26.29 + 1.50
	24.43 + 1.40

	Week-16
	29.00 + 0.82
	26.29 + 1.38

	4 cm dari midline (n of grafts)

	Day-0
	31.57 + 1.51
	32.43 + 1.51

	Week-4
	30.14 + 1.07
	27.43 + 1.72

	Week-12
	27.29 + 1.50
	24.00 + 1.53

	Week-16
	29.86 + 0.69
	25.29 + 1.25



Similarly, at 4 cm from the midline, the DHI + PRP group exhibited greater grafts density at nearly all time points, except at baseline (day 0), when the DHI group showed slightly higher follicle counts (Table 2). 
In this study, grafts density decreased at the 16-week follow-up compared to day 0 post-transplant, when graft survival was naturally 100%. Previous work reported that survival rates at 16 weeks typically range from 60% to over 80%, depending on donor source and technique, with scalp grafts showing 62–80%, beard grafts 73–87%, and chest grafts 57–67%. Survival generally improves over 6–12 months, often exceeding 85–90% under optimal conditions, with an initial “shock loss” phase occurring between weeks 2–8 (Gupta et al., 2019).
In androgenetic alopecia, progressive follicle miniaturization and shortened anagen phase reduce hair density. Digital trichoscopy studies have shown normal scalp density ranges from 150–300 hairs/cm², while affected individuals often fall below 100 hairs/cm² in moderate-to-severe cases, with advanced stages reaching 60–80 hairs/cm² (Chang et al., 2023).
Grafts density after transplantation showed an initial decline from day 0 to weeks 4 and 12, followed by recovery at week 16 in both treatment groups (DHI and DHI+PRP). This early reduction is consistent with telogen effluvium phase, a temporary shedding phase triggered by surgical trauma and ischemia, during which dermal papilla cells enter dormancy. Such shedding reflects a reset of the hair cycle rather than graft failure (Jimenez & Higgins, 2022).
By week 12, many follicles remain in telogen or early anagen, with ongoing remodelling and revascularization delaying visible regrowth. Re-entry into anagen requires restoration of dermal papilla function and epithelial–mesenchymal signalling, processes essential for long-term follicle stability (Araújo et al., 2010).
At week 16, a marked increase in grafts density was observed as follicles transitioned into active anagen, producing new hair shafts. Dermal papilla regained inductive capacity, and angiogenesis supported sustained follicle growth. This regenerative timeline aligns with the biological recovery of the follicular microenvironment described in prior studies (Araújo et al., 2010; Jimenez & Higgins, 2022).
3.3. Hair length after the treatments
Table 3 shows that the mean hair length at 2 cm and 4 cm from the midline increased over time in both groups, with consistently higher values observed in the DHI+PRP group compared to the DHI group at each observation point.
Table 3. Hair length follow-up results.
	Follow up period
	Groups

	
	DHI+PRP (Mean+SD)
	DHI (Mean+SD)

	2 cm from midline (mm)

	Day-0
	1.31 + 0.07
	1.29 + 0.13

	Week-4
	14.83 + 0.92
	10.14 + 0.75

	Week-12
	41.83 + 2.74
	28.00 + 2.19

	Week-16
	55.31 + 3.66
	36.99 + 2.89

	4 cm from midline (mm)

	Day-0
	1.31 + 0.07
	1.29 + 0.13

	Week-4
	14.61 + 0.91
	9.94 + 0.75

	Week-12
	41.40 + 2.70
	27.66 + 2.16

	Week-16
	54.86 + 3.57
	36.64 + 2.89











In this study, transplanted hair demonstrated growth, with mean length at 16 weeks reaching 55.31 ± 3.66 mm at 2 cm from the midline in the DHI+PRP group versus 36.99 ± 2.89 mm in the DHI group, and 54.86 ± 3.57 mm versus 36.64 ± 2.89 mm at 4 cm, respectively. Transplanted follicles undergo a natural cycle beginning with telogen effluvium (2–4 weeks), followed by a latent phase before re-entering anagen, driven by hair follicle-associated pluripotent stem cells (Asakawa et al., 2012; Obara et al., 2022).
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Fig 2. Trichoscopy images showing follow up of graft density from a patients. 
A-C: graft density in 2 cm from midline; D-F: graft density in 4 cm from midline. A and D are follow-up images at 4 weeks, B and E are follow-up image at 12 weeks. C and F are follow-up images at 16 weeks.  

Transplanted hair retains donor genetic characteristics, continuing its natural growth cycle with preserved tensile strength, elasticity, and growth rate, provided follicles remain viable (Robbins, 2012). Shedding during telogen effluvium is expected, with regrowth typically visible after 3–4 months and full density achieved within 9–12 months (Blume-Peytavi et al., 2008). Hair maturation continues over 12–18 months, though density may vary due to individual follicle response and surgical technique; the anagen phase remains intact, allowing sustained growth (Robbins, 2012). Figure 2 showed dynamics of graft density in follow up period (4,12, and 16 weeks). Although not all grafts survived, treatment with PRP following DHI showed better grafts survival.
3.4. Effects of PRP to graft density 
The data normality test using Shapiro-Wilk shows that almost all data are normally distributed (P > 0.05), except for the hair graft density variable 4 cm from the midline at week 16. The data homogeneity test using Levene's test shows that the variance between groups at each observation time is not significantly different (homogeneous) (P > 0.05), so the assumption of homogeneity of variance is met for mixed ANOVA test. 
Table 4. Mixed ANOVA test of graft density in 2 cm and 4 cm from midline
	Variances
	Graft density 2 cm from midline
	Graft density 4 cm from midline

	
	df
	F
	Sig. (P)
	Df
	F
	Sig. (P)

	Follow up time
	2.007
	147.15
	< 0.001
	3.000
	99.67
	< 0.001

	Groups
	1.000
	4.31
	0.06
	1.000
	20.89
	< 0.001

	Follow up and group interaction
	2.007
	8.84
	0.001
	3.000
	18.90
	< 0.001







PRP has been frequently compared with standard therapies such as minoxidil and finasteride. Several clinical studies support its role as an effective alternative or adjunct. A prospective intervention study found comparable efficacy between intradermal PRP injections and topical minoxidil with finasteride over 12 months, with both groups showing moderate improvement. PRP was well tolerated and considered safe, offering a valuable option for patients seeking non-pharmacological interventions (Garg et al., 2016).
Hair length and graft density were significantly higher in subjects receiving DHI+PRP compared to DHI. This study finding is consistent with prior studies. Treatment with PRP only could significantly increase hair counts. A previous study also administered PRP through injections (Hausauer & Jones, 2018). This finding aligns with a randomized controlled trial showing PRP to be superior to minoxidil in improving graft density, global photographic scores, and patient satisfaction after six months of treatment (Olsen et al., 2002).
Graft density at 2 cm from the midline changed significantly over time (P < 0.001), with differing patterns between the DHI+PRP and DHI groups (P = 0.006), although the mean graft density difference between groups was not significant (P = 0.060). At 4 cm from the midline, graft density also changed significantly over time (p < 0.001), with both the mean density and its temporal patterns differing significantly between groups (p < 0.001) (Table 4).
Early exposure of grafts and scalp tissue to growth factors likely enhanced graft density, reduced shock loss, and accelerated recovery. A randomized controlled trial similarly reported that intraoperative PRP significantly increased mean graft density and growth rates from 4 weeks to 6 months, with >75% of PRP-treated patients achieving hair growth compared to only 25% in controls (Garg, 2016).
Other studies confirm the benefit of postoperative PRP. Administration at 4 weeks post-transplant reduced bald area size in androgenetic alopecia patients (Zhao & Cao, 2023). Repeated PRP given before and at 1–2 months post-transplant significantly improved follicle survival (82.2% vs. 74%, P = 0.0002) and accelerated hair regrowth onset (17.7 vs. 20.1 days, P = 0.015) compared with controls (Xue et al., 2025).
Table 5. Post hoc analysis of graft density

	Time/Group Pairs
	Graft density 2 cm from midline
	Graft density 4 cm from midline

	
	Mean differences
	Sig. (P)
	Mean differences
	Sig. (P)

	Day 0 – Week 4
	2.786
	< 0.001
	3.214
	< 0.001

	Day 0 – Week 12
	6.357
	< 0.001
	6.357
	< 0.001

	Day 0 – Week 16
	4.071
	< 0.001
	4.429
	< 0.001

	Week 4 – Week 12
	3.571
	< 0.001
	3.143
	< 0.001

	Week 4 – Week 16
	1.286
	0.034
	1.214
	0.046

	Week 12 – Week 16
	2.286
	< 0.001
	1.929
	< 0.001

	DHI+PRP - DHI
	1.036
	0.060
	2.429
	< 0.001




Patients treated with PRP consistently reported thicker hair shafts, with clinical observations confirming greater density, coverage, and faster healing marked by reduced redness and inflammation (Sindhusen et al., 2025). Studies also show that PRP administered before and after transplantation significantly increases hair shaft diameter and graft density within the first three months, supporting graft survival and accelerating follicle activation through its cytokine-rich profile (Jagtap et al., 2025).
In this study, PRP administered intraoperatively resulted in significantly greater hair length and graft density (p < 0.05). Table 5 shows that graft density at 2 cm from the midline differed significantly across all time pairs (P < 0.05), but no significant difference was found between the DHI+PRP and DHI groups (P = 0.060). In contrast, the finding indicates that graft density at 4 cm from the midline differed significantly across all time pairs (P < 0.05), with the DHI+PRP group showing significantly higher values than the DHI group (P < 0.001) At 16 weeks and beyond, PRP benefits remain evident, with patients demonstrating higher mean graft density and longer shafts compared to controls. Systematic reviews further highlight superior regrowth and graft survival in combined transplant and PRP groups (Sindhusen et al., 2025). PRP is increasingly used as an adjunct in hair transplantation and as a direct therapy for hair loss, enhancing graft viability, healing, and hair thickness. Evidence indicates that PRP, whether injected at recipient sites or used as a graft storage medium, yields greater follicular unit survival and faster regrowth compared to saline controls (Lopes-Silva et al., 2025; Paichitrojjana & Paichitrojjana, 2022).

A previous randomized controlled trials confirm that PRP significantly improves graft density and the anagen/telogen ratio, indicating accelerated transition and prolonged anagen phase (Gentile et al., 2015). Similarly, trichoscopic evaluation has shown increased hair thickness and follicle viability in androgenetic alopecia patients receiving PRP, with a higher proportion of hairs in anagen phase (Alves & Grimalt, 2016).
3.5. Effects of PRP to hair length
Hair length at 2 cm from the midline changed significantly over time (P < 0.001) and differed between the HT+PRP and HT groups (P < 0.001), with distinct temporal patterns observed (P < 0.001). Similar findings were noted at 4 cm from the midline, where hair length also changed significantly over time (P < 0.001), differed between groups (P < 0.001), and showed distinct temporal patterns (P < 0.001) (Table 6).
Table 6. Mixed ANOVA analysis of hair length in 2 cm and 4 cm from midline
	Variances
	Hair length 2 cm from midline
	Hair length 4 cm from midline

	
	df
	F
	Sig. (P)
	df
	F
	Sig. (P)

	Follow up time
	1.006
	2,571.01
	< 0.001
	1.005
	2,600.82
	< 0.001

	Groups
	1.000
	109.13
	< 0.001
	1.000
	110.79
	< 0.001

	Follow up and group interaction
	1.006
	106.97
	< 0.001
	1.005
	108.69
	< 0.001








In this study, the DHI+PRP group achieved significantly greater hair length compared to DHI. The anagen phase, characterized by active follicular keratinocyte proliferation and visible hair shaft production, is critical for determining hair length and density, making it a key target in hair restoration. PRP has been shown to stimulate and prolong anagen through multiple biological pathways, as its growth factors—including PDGF, VEGF, TGF-β, and IGF-1—collectively enhance angiogenesis, dermal papilla activation, and extracellular matrix remodeling (White et al., 2021; Pavlovic et al., 2016; Pochini et al., 2016).
Hair length at 2 cm from the midline differed significantly across all time pairs (P < 0.001), with the DHI+PRP group consistently higher than the DHI group (P < 0.001). Similarly, Table 7 indicates significant differences across all time pairs (P < 0.001), with the HT+PRP group showing greater hair length at 4 cm from the midline compared to the HT group (P < 0.001) (Table 7).





Table 7. Post hoc analysis of hair length

	Time/Group Pairs
	Hair length 2 cm from midline
	Hair length 4 cm from midline

	
	Mean differences
	Sig. (P)
	Mean differences
	Sig. (P)

	Day 0 – Week 4
	11.186
	< 0.001
	10.797
	< 0.001

	Day 0 – Week 12
	33.614
	< 0.001
	33.229
	< 0.001

	Day 0 – Week 16
	44.850
	< 0.001
	44.450
	< 0.001

	Week 4 – Week 12
	22.429
	< 0.001
	22.250
	< 0.001

	Week 4 – Week 16
	33.664
	< 0.001
	33.471
	< 0.001

	Week 12 – Week 16
	11.236
	< 0.001
	11.221
	< 0.001

	DHI+PRP - DHI
	9.218
	< 0.001
	9.164
	< 0.001



The findings of this study are consistent with previous study, which reported that both transplant-only and transplant+PRP groups showed modest hair shaft length at week 4 (1–3 mm), but by week 12 the PRP group demonstrated significantly faster growth, with longer and thicker shafts. By week 16 and month 6, differences became more pronounced; a randomized controlled trial showed that 100% of PRP-treated patients had hair shafts >10 mm at 6 months compared to only 20% in the non-PRP group, most of whom remained at 7–10 mm. These results suggest earlier follicle activation and recovery in PRP-treated patients, supported by growth factor–rich microenvironments (Aldor et al., 2023; Pathania et al., 2023).
Mechanistically, PRP appears to enhance β-catenin and FGF-7 signaling, both critical for initiating and sustaining anagen. Increased perifollicular vascularization after PRP injection improves nutrient delivery and oxygenation, creating a microenvironment conducive to follicle regeneration. Prior studies confirm that PRP not only prolongs anagen but also accelerates the transition from telogen to anagen, resulting in faster and more substantial hair growth (Han et al., 2022).
Studies on the addition of platelet-rich plasma (PRP) to hair transplantation show promising results, with increased graft density and hair length compared to transplantation. However, several limitations should be noted. First, the small sample size restricts generalizability, thus study with larger sample size is needed in order to check the generalization of the results. Second, the high cost of PRP and transplantation procedures poses challenges for replication and broader application. Third, inter-patient variability in hair cycle phases (anagen, catagen, telogen) may act as confounding factors, requiring better control or stratification in study design. Another limitation for this study was the absence of platelet or activator concentration measurement. These limitations highlight the need for cautious interpretation and underscore the importance of larger, more comprehensive future studies which also measuring platelet or activator concentration.

4. Conclusion
This study demonstrates that the addition of platelet-rich plasma (PRP) to hair transplantation in patients with androgenetic alopecia significantly enhances hair growth rate and improves graft survival compared to transplantation. These findings support PRP as a valuable adjunctive therapy to optimize clinical outcomes in hair restoration.
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