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Hair loss is a significant problem worldwide and can
be genetically inherited or caused by multiple
factors, including a nutritional deficiency,

autoimmune disorder, or an infectious etiology. The most
common cause of hair loss in men is male androgenetic
alopecia (MAA), male pattern baldness. MAA is the
genetically determined loss of the normal thick hair follicle
and is associated with progressive hair loss. With MAA, a
gradual conversion of terminal hairs into vellus hairs occurs
in a highly reproducible pattern that leads to baldness.
Studies on hair loss confirm that it is a genetically
determined phenomenon.1 Hair transplantation techniques
have been widely used to treat baldness. Extracting hair

from the safe donor scalp area and implanting the hair
follicles to an area with baldness is called hair
transplantation. With the follicular unit extraction method,
the punch graft technique is employed to extract follicles
from one part of the head, which are then are transplanted
into tiny holes or slits in bald areas of the scalp.2

Various strategies have been developed to assist hair
transplantation in order to increase the efficacy of the
method. The crucial discovery of platelet-derived growth
factors (PDGF) in promoting wound healing, tissue
regeneration, angiogenesis, chemotaxis, cell proliferation,
differentiation, immune modulation, remodeling, and
antimicrobial activity has resulted the development of novel

ABSTRACT
Objective: Hair loss is a significant problem worldwide. The most common cause of hair loss in men is male androgenetic

alopecia, male pattern baldness, which is primarily due to the presence of nonfunctional or dead hair follicles in the scalp.
Hair follicular unit transplantation has been a widely used technique to transplant hair follicles into bald areas. Although
follicular unit transplantation generally gives satisfactory hair transplantation, efforts have been made to further increase
the efficacy of follicular unit transplantation in hair regeneration. The crucial discovery of platelet-derived growth factors
has resulted in the development of novel autologous therapeutic methods. Platelet-rich fibrin matrix represents a
revolutionary step in the platelet gel therapeutic concept. This technique is fast and involves minimal in vitro
manipulations. In this paper, the authors studied the efficacy of platelet-rich fibrin matrix  in conjunction with follicular unit
transplantation for regeneration of new hair in bald areas in male androgenetic alopecia patients. Design: Ten male subjects
between 18 and 50 years of age with Norwood Alopecia from Grade 4 to 6 were chosen for the study. Setting: The study
was performed at Derma Solutions clinic, Bengaluru, Karnataka, India. Participants: Patients with thyroid disorders,
bleeding disorders, or other co-existing morbidities were excluded. Results: The number of hair follicles began to increase
progressively after platelet-rich fibrin matrix treatment was performed on the right side of the scalp and the effect was very
distinct after six months of platelet-rich fibrin matrix treatment. Conclusion: This study clearly indicates that platelet-rich
fibrin matrix plays a key role in hair regeneration using follicular unit transplantation techniques. Further studies are needed
to determine how platelet-rich fibrin matrix helps improve hair retention and regeneration. Additionally, it would be
interesting to know how long the effect of platelet-rich fibrin matrix lasts after the termination of therapy. Thus, a future
longitudinal study would be very useful. (J Clin Aesthet Dermatol. 2016;9(9):29–35.)
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autologous therapeutic methods.3,4 Importantly, a number
of platelet concentrates can be prepared for therapeutic
applications. 

Various factors identified so far that are released by the
platelets on activation are transforming growth factor alpha
and beta (TGF-α and TGF-β), epidermal growth factor
(EGF), fibroblast growth factor (FGF), keratinocyte growth
factor (KGF), insulin growth factor (IGF), platelet-derived
epidermal growth factor (PDEGF), interleukin-8 (IL-8),
tumor necrosis factor alpha (TNF-α), connective tissue
growth factor (CTGR), and granulocyte-macrophage colony
stimulating factor (GM-CSF).5–7 These factors have a
positive effect on tissue repair. The modes of action of these
factors have been discussed elsewhere.8

Platelets are easily collected from the bloodstream and are
concentrated in a small volume of plasma known as platelet-
rich plasma (PRP). Anticoagulants are typically used for this
procedure.9 PRP is typically a two-step procedure.10–13 In the
first step, the platelet concentrate is separated from the
platelet-poor plasma (PPP) and white blood cell and red
blood cell fraction. In the second step, the activator, such as
calcium gluconate, is added to the platelet concentrate,
which results in the formation of a fibrin network by
converting the fibrinogen present in the platelet concentrate
to fibrin. It is a short term and less effective procedure when
compared to platelet-rich fibrin matrix (PRFM). 

PRFM represents a new step in the platelet gel
therapeutic concept with simplified processing without
anticoagulants.14 Unlike other platelet concentrates, PRFM
in contrast to PRP, isolates platelets and plasma after the
first centrifugation itself. PRFM containing various growth
factors has recently been used during follicular unit
transplantation (FUT) to increase hair density and
stimulate follicular unit growth. PRFM is the extraction of
platelets from the patient’s own blood, which is injected
back into the patient. Platelet-rich fibrin represents a
revolutionary step in the platelet gel therapeutic concept.15

This technique, unlike the other platelet concentrates,
involves only the centrifugation of natural blood without
any additives. PRFM was developed by Choukroun et al16 in
2001 in France. The success of this technique depends on
the speed of collection of the blood and transfer to the
centrifuge as no anticoagulant is used.17 A simplified
processing technique without complex handling makes it
superior to PRP. 

In this paper, given the success and simplicity of the
PRFM technique, the authors aim to ascertain the efficacy
of PRFM in conjunction with hair follicular transplantation
technique for the regeneration of new hair in patients in
India, as not many studies have been done in India to date. 

MATERIALS AND METHODS
Study design. Inclusion criteria. Ten male subjects

between 18 and 50 years of age with Norwood alopecia
(type of classification of baldness, published in 1975, is the
most widely used classification for hair loss in men.
Hamilton-Norwood scale is usually employed to classify the
progress of MAA, which ranges from grades 1 to 7) from

grade 4 to 6 were chosen for the study. The study was
performed at Derma Solutions, Marathahalli, Benguluru,
Karnataka, India. 

Exclusion criteria. Patients with thyroid disorders,
bleeding disorders, or other coexisting morbidities were
excluded.

Informed consent was obtained from all subjects and
PRFM preparations were performed at DiponEd
BioIntelligence LLP (Bangalore, Karantaka, India)

Ethics. The study was approved by Institutional Ethics
Committee (IEC).

Preparation of PRFM. PRFM was prepared using
DiponEd BioIntelligence LLP protocol that was approved
by the ethics committee. About 10mL of blood was drawn
from each patient in two sterile vacutainer tubes without
anticoagulant and then the tubes were placed in a
centrifuge at 3,000 revolutions per minute (rpm) for 10
minutes. After centrifugation, three layers were obtained;
yellow-colored acellular plasma in the upper layer, red-
colored red blood cells (RBCs) in the lower layer, and
PDGF in the middle layer. The middle layer containing
platelets trapped in fibrin meshes was used for applications
in this study (Figure 1)

Treatment protocol. The male subjects were treated
with intradermal injections of autologous PRFM three
times; first at Day 0 prior to FUT, and subsequently in the
second and third months. An equal number of follicular
units was implanted in a 1×1cm2 area on both the left and
right temporal area. Follicular density at a calibrated
distance from the mid-pupillary point in a 1x1cm2 (right
temporal area) area was measured using digital
photographs taken at the one-, two-, and six-month follow-
up visits. Hair density indices were compared using
Trichoscope with photographs from similar areas (left
temporal area) as control on same subjects without PRFM
injections.

Statistics. Statistical analyses were made with the
student’s t-test. A value of P<0.05 indicated statistical
significance.

RESULTS
Combined case studies on the efficacy of PRFM

treatment on patients with androgenetic alopecia
showed improvement in the hair follicle counts. In
order to determine the efficacy of PRFM, the authors
provided PRFM treatment for the subjects for a period of
six months. Hair follicle counts were performed on 10
patients before and after implantation, with and without
(control) PRFM treatment, and an equal number of
follicular units were implanted in a 1×1cm2 area both on the
left and right temporal areas throughout the entire study
unless otherwise mentioned, whereas the PRFM treatment
was only carried out in the same implanted 1×1cm2 area on
the right temporal area. The post-implantation and PRFM
treatment on the right side of the scalp were compared with
the control (i.e., the left side of the scalp, not treated with
PRFM post-implantation) at each indicated time period
(Tables 2–4; Figures 2–4).
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At the beginning of this study, the hair follicles
were implanted in both the left and right side of
the scalp and the numbers were compared
between pre- and post-implantation as shown in
Table 1. Post-implantation, only the right side of
the scalp was treated with PRFM and the left side
of the scalp was left untreated.

As shown in Table 2, the number of
transplanted hair follicles had better retention of
follicles post-implantation on the right side of the
scalp treated with PRFM when compared to the
left side of the scalp that was not treated with
PRFM post-implantation. Thus, the PRFM
treatment exhibited a beneficial role in retaining
the hair follicle at the implanted area. 

Next, the authors calculated the difference in
the hair follicle numbers on both the right and left
side of the scalp. Clear statistical difference and
significance values were obtained after one month
(25.60±3.38, P<0.001**), two months (21.50±5.09,
0.002**), and six months (26.00±4.63, P=0.005**).
Numerical values are displayed in Table 3.

Having established that PRFM treatment
showed beneficial effect on hair follicle numbers,
the authors investigated the difference in the hair
follicle numbers post-implantation and PRFM
treatment both on the left and right side of the

TABLE 1. Number of hair follicles implanted in 10 patients in a 1×1cm2 patch 
area on both the right and left side (control) of the scalp

PATIENTS

LEFT 
(BEFORE 

IMPLANTATION) 
(1cm2) 

LEFT 
(AFTER 

IMPLANTATION) 
(1cm2) 

RIGHT 
(BEFORE 

IMPLANTATION) 
(1cm2)

RIGHT 
(AFTER 

IMPLANTATION)
(1cm2)

1 2 30 0 30

2 0 25 2 25

3 3 27 5 27

4 4 35 6 35

5 3 28 1 28

6 5 38 8 38

7 3 24 2 24

8 4 29 6 29

9 6 24 7 24

10 5 29 4 29

The hair follicles were implanted in all 10 patients and the numbers are presented in the
table. 

Figure 1. A stepwise description of the PRFM procedure, demonstrating the process from the collection of blood to the preparation of
PRFM to the injection of PRFM into the patient. 
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scalp. The results on the right side of the scalp
(treated with PRFM) were compared to that of the
left side of the scalp (control, not treated with
PRFM). As shown in Table 4, at Day 0, hair follicle
numbers on the right scalp (28.90±4.58) had
reduced to (26.70±3.59) in one month and after
six months the difference in the hair follicle
numbers stayed about the same (26.50±4.93). In
comparison, however, the hair follicle numbers on
the left scalp went down as well; at Day 0 post-
implantation, 28.90±4.58 reduced to 24.50±2.92
after one month, 28.90±4.58 reduced to
20.30±5.12 after two months. After six months of
post-implantation without PRFM treatment, the
difference became 25.50±4.53. The graphical
representation of the data is presented in Figure 2.

Finally, the authors examined the effect of
PRFM on hair retention after FUT. The effect was
monitored from Day 0 to six months (Figure 3). As
shown in Figure 3, the authors clearly observed
improvement in hair retention after PRFM
treatment post-implantation on the right side of
the scalp as compared to the left side of the scalp
(control) that was not treated with PRFM. 

DISCUSSION
Androgenetic alopecia (AA) is a genetically

determined phenomenon that is defined by
gradual loss and reduction of normal thick hair
follicles. AA affects up to 30 percent of men over
the age of 30 and 50 percent of men over the age
of 50 and affects women as well.18

Several methods have been developed for the
promotion of hair growth. Minoxidil, finesteride,
and 655nm laser treatment have all been
approved by the United States Food and Drug
Administration (FDA).19,20

Since etiologies of hair loss are so diverse, it is
necessary to have a clear understanding of the
physiology of hair follicles. Stem cells are present
in the bulge of the hair follicle at the outer root
sheath below the insertion of the arrector pili
muscle, which connects with dermal papilla and
separates into matrix keratinocytes. These cells
then go downward and during early anagen,21,22 the
papilla is pushed downward. The activity of the
bulge stem cells is reduced as the dermal papilla
moves downward into subcutaneous fat (Figure
5). The bulge stem cells activity is reduced as
these cells become quiescent. Matrix cells
differentiate into cells of cortex, medulla, and
cuticle and this directs the hair growth. The
replicative capacity of the transient amplifying
cells of the matrix is limited; as a result, the cells
will eventually undergo terminal differentiation.
The anagen phase is generally 2 to 5 years while
the catagen phase is only a few days to a few
weeks.23 The dermal papilla reverts into the

TABLE 2. Terminal hair follicle counts in a 1×1cm2 patch area on both the
right and left side (control) of the scalp in 10 patients 

PATIENT

DAY ZERO ONE MONTH TWO MONTHS SIX MONTHS

LEFT
(1cm2)

RIGHT
(1cm2)

LEFT
(1cm2)

RIGHT
(1cm2)

LEFT
(1cm2)

RIGHT
(1cm2)

LEFT
(1cm2)

RIGHT
(1cm2)

1 30 30 24 27 14 17 28 28

2 25 25 23 23 21 20 22 24

3 27 27 22 25 12 15 24 25

4 35 35 30 35 20 20 35 33

5 28 28 22 25 22 27 25 27

6 38 38 27 30 28 32 30 36

7 24 24 25 24 20 23 26 22

8 29 29 26 28 28 26 21 20

9 24 24 26 24 18 22 20 23

10 29 29 20 26 20 25 24 27

The left side of the scalp is the control; post-implantation without PRFM treatment.
The right side of the scalp is the post-implantation with PRFM treatment. The terminal
follicle count of all 10 patients was monitored for six months and the numerical values
are presented in the table.

TABLE 3. Terminal hair follicle counts in 10 patients in a 1×1cm2 patch area on 
both the right and left side (control) of the scalp, evaluated on Day 0, 
one month, three months, and six months

TERMINAL FOLLICLE MIN-MAX MEAN ± SD 

Day 0 24.00–38.00 28.90±4.46 

One month 20.00–35.00 25.60±3.38 

Two months 12.00–32.00 21.50±5.09 

Six months 20.00–36.00 26.00±4.63 

SIGNIFICANCE

Day 0–one month d=3.300;t=4.296;P<0.001***

Day 0–three months d=7.400;t=6.285;P<0.001*** 

Day 0–six months d=2.900;t=4.714;P<0.001*** 

Terminal hair follicle was evaluated in all the ten patients on both left (control) and right
side of the scalp (PRFM treated post-implantation). Difference, student’s t value and the
significance was evaluated. The numerical values are presented as Mean ± SD
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dermis during this phase, finally resting close to
the bulge at the beginning of telogen. After the
telogen phase, which lasts for about three
months, and the exogen phase (shedding of
hair), bulge cell proliferation is brought by the
anagen, which then migrates to the base of the
hair follicle.24 The length of the anagen and the
hair including its thickness is shortened in the
anagen. A greater number of lymphocytes and
mast cells are seen surrounding the reduced
hair follicle especially in the bulge region. There
is a noticeable reduction in the transient
amplifying cells, which is derived from the
bulge stem cells. However there is no change in
the number of bulge stem cells suggesting the
presence of a blocked pathway, which is due to
the lack of a stimulator or the presence of an
inhibitor. The signals that stimulate the signals
to the bulge cells may include PDGF Wnt-7a
(wingless, derived from Drosophila
melanogaster),25 vascular endothelial growth
factor (VEGF), fibroblast growth factor (FGF),
keratinocyte growth factor (KGF), and
follistatin.26

Attempts have been made to modify the hair
follicle microenvironment by activating the
platelets to release the factors. PRP is a method
to introduce various growth factors, such as
PDGF, transforming growth factor beta (TGF-
β), and insulin-like growth factor 1 (IGF-1).
However, anticoagulants are typically used for
this technique. PRFM is a new breakthrough in
hair growth. During the PRFM preparation
process, a gel-like matrix is created,28 which
contains high concentrations of nonactivated,
functional, intact platelets present within a fibrin
matrix that constantly releases growth factors
over a long period of time. In PRFM, the fibrin
matrix is well-organized, and it efficiently directs
the stem cell migration to the site of injury.
Results obtained from in vitro studies has led to
advances in clinical application of PRFM. Dohan
et al27 observed better healing properties and
slower release of growth factors when compared
to PRP. This study was designed to evaluate the
efficacy of PRFM on FUT. 

In this study, the authors observed a
beneficial effect of PRFM treatment on the
retention of hair follicles after FUT in most of
the patients enrolled. Although there was no
immediate effect of PRFM treatment on hair
follicle numbers and hair regeneration, the authors clearly
observed a distinct effect of PRFM treatment in retaining
the transplanted hair follicles after a longer duration of
treatment (i.e,. six months). It is possible that a PRFM
treatment beyond six months might lead to better results in
terms of hair follicle numbers and subsequent hair
regeneration. Although the effect on the regeneration of

hair follicles examined in this study is modest, we clearly
observed a statistically significant difference before and
after implantation when compared to the control (i.e., left
side of the scalp not treated with PRFM post-implantation).
PRFM treatment may require about at least six months to
take effect, hence the authors did not see pronounced
effect during the initial phase of the treatment, as observed

TABLE 4. Terminal hair follicle counts in 10 patients in 1×1cm2 patch area on 
both the right and left side (control) of the scalp, evaluated on Day 0, one 
month, three months, and six months

TERMINAL HAIR
FOLLICLE 

LEFT SCALP
(1cm2) 

RIGHT SCALP 
(1cm2) DIFFERENCE t VALUE P VALUE 

Day 0 28.90±4.58 28.90±4.58 0.00 0.00 1.000 

One month 24.50±2.92 26.70±3.59 2.20±2.52 2.750 0.022* 

Three months 20.30±5.12 22.70±5.03 2.40±2.50 3.032 0.014* 

Six months 25.50±4.53 26.50±4.93 1.00±2.86 1.103 0.299 

Terminal hair follicle was evaluated in all 10 patients, on both sides of the scalp; right side
(PRFM treated post-implantation) and left side (control: PRFM untreated post-implantation).
Difference, student’s t value and the significance was evaluated. The numerical values are
presented as Mean ± SD. Note: * Moderately significant (P value:0.01<P ≤ 0.05), ** Strongly
significant (P value : P≤0.01). 

Figure 2. Evaluation of terminal hair follicle at Day 0, one month, three
months, and six months. Numbers of terminal hair follicles were calculated in
all 10 patients, on both sides of the scalp; right side (PRFM treated post-
implantation) and left side (control: PRFM untreated post-implantation). X-axis
represents the period of intervention and the Y-axis represents the hair follicle
numbers. Note: * P<0.05; NS=not significant
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in this study. They also presume that after a longer duration
of PRFM treatment, the hair regeneration will be visible
with greater statistical significance. 

CONCLUSION
The authors’ study clearly indicated the key role of

PRFM in transplanted hair follicle retention and the
possibility of hair regeneration using FUT techniques.
Although a clear mechanism has not been determined in
this study, the authors presume that PRFM may stimulate
dermal angiogenesis and wound healing, which helps
improve survival of the transplanted graft and regeneration.
Further studies are needed to determine how PRFM helps
improve hair retention and regeneration. Additionally, it
would be interesting to know how long the effect of PRFM

lasts after the termination of therapy. Thus, a future
longitudinal study would be very useful. 
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