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ABSTRACT
Background: limitations of hair restoration procedures are the amount of hairs available and the invasiveness of

follicular harvesting. Objective: The aim of this study was to compare conventional human micrografts and plucked hair
follicles in an in vitro model in order to test hair growth rates for experimentally assessing the soundness of plucked
follicle use in hair transplantation procedures. Methods and materials: A total of 100 conventional one-hair micrografts
(group A; control) and a total of 80 plucked hair follicles (group B; experimental) were obtained from 14 healthy male
patients. The length of each graft was measured immediately following isolation and at the end of the 10-day culture
period. The Kruskal-Wallis one-way analysis of variance by ranks test was used in order to statistically analyze the data
obtained. Results: A statistically significant difference was found between the growth rate of micrografts in control (mean
10-day shaft growth rate = 0.30mm) and experimental (mean 10-day shaft growth rate = 0.36mm) groups. Conclusion:
The obtained data shows a higher plucked hair follicle growth rate compared to one-hair micrografts, which leads us to
believe that plucked micrografts could be a useful and less invasive adjunct in the field of hair transplantation surgery.
(J Clin Aesthet Dermatol. 2016;9(3):39–41.)
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Hair transplantation for correction of androgenetic
alopecia is one common aesthetic plastic surgery
procedure performed on male patients.1,2 The

principal purpose of hair harvesting has always been to
obtain the maximum survival and growth rate possible.
Micrografting is a method of hair transplantation involving
randomly assorted groups of (1–2) hairs, without
considering the natural configuration of their follicular units,
which are selected under loupe, microscope, or naked eye
examination.3 This type of graft is prepared by isolating each
follicle as a whole, while maintaining a significant amount of
tissue around the entire length of the follicle. Careful patient
selection is very important, especially for African Americans
and patients of Mediterranean origin on account of the
curvilinear direction of their hair shafts, which could make
graft preparation more difficult.4 Micrografting technique
has been used both for hair restoration of the scalp and the
face after burn injuries5,6 and particularly for eyebrow
reconstruction7 due to the fine control obtainable with this
technique and the natural-looking results. Plucked human

hair consists in hair follicles which have been stripped from
the donor area, without any dissection or local anesthesia.
As demonstrated in the authors’ previous studies,8,9 rapid
proliferating hair follicle capacity probably depends on the
presence of human hair follicle multipotent stem cells in the
bulge region of the outer root sheath. These previously
characterized cells10 show an expression of proliferation
marker Ki-67 and stem cell marker CD-34 in the follicle
bulge region; the authors observed that plucked hair follicles
have the same multipotent cell population as adult and fetal
scalp hair follicles.9 Although some authors11–13 have recently
described the presence of stem cells in plucked hair follicles,
this was, to the best of the authors’ knowledge, the very first
study specifically designed to assess the survival and growth
rates of human plucked hair follicles, hypothesizing their
possible use in hair restoration surgery. The aim of this
study was to compare conventional human micrografts and
human plucked hair follicles in an in vitro model, to
experimentally assess the soundness of plucked hair follicle
use in hair restoration surgery.
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MATERIALS AND METHODS
A total of 180 human hair follicles were obtained from 14

healthy male patients (age 28–42 years, mean 34 years)
during routine excision of benign scalp lesions (e.g., naevi
and cysts). The principles outlined in the Declaration of

Helsinki were followed. Follicles were thus randomly
assigned to one of the following groups: group A (control; n
= 100 follicles), conventional one-hair micrografts cultured
as dissected; group B (experimental; n = 80 follicles),
plucked hair follicles (Figure 1). isolation of anagen hair
follicles was achieved by using a surgical blade,
microscissors, and watchmaker’s forceps under a stereo
dissecting microscope (Axioskop MC100 – Zeiss,
oberkochen, germany). each follicle was isolated intact
and as a whole while maintaining a significant amount of
tissue around the entire length of the follicle. Hair grafts
from both groups were cultured for 10 days,14–17 and the hair
follicles kept in 500μl of Williams’ medium e (sigma-
Aldrich Chemie gmbH, Deisenhofen, germany) with
supplements as follows: one percent fetal calf serum,
10μg/ml transferrin, 10μg/ml insulin, 10ng/ml sodium
selenite, 10ng/ml hydrocortisone, 100 units/ml penicillin,
100μg/ml streptomycin, 2.5μg/ml fungizone.
supplemented medium was prepared fresh before
experiments and changed every 72 hours. Follicles were
kept free floating in individual wells of 24-well multiwell
plates in a 37ºC atmosphere, 5% Co2, 95% air, and 100%
humidity. This permitted detailed measurements to be
made of the length of individual hair follicles. Follicles that
lost normal follicular architecture owing to degeneration
late in the culture period were not measured. The length of
each follicle was measured at a magnification of 20x,
immediately following isolation and at the end of the 10-day
culture period, using a microscope (Wild M10 - leica,
Heerbrugg, switzerland) with a calibrated eyepiece
graticule; total follicle length was computed as the distance
from the base of the bulb to the end of the shaft. Histology
was carried out at the end of the 10-day culture period, by
fixing the follicles in phosphate-buffered saline (pH 7.4)
containing 10% paraformaldehyde, embedding them in
paraffin wax, sectioning at 10µm thickness, and staining
with the Heidenhein’s “Azan trichromic” modified protocol.18

The obtained data was statistically analyzed with the
Kruskal-Wallis one way analysis of variance by ranks test.

RESULTS
Histologic analysis demonstrated that the survived

follicles from both groups maintained a constant, normal
histologic appearance (Figure 2), even after 10 days in
culture. Furthermore, the morphology of most of the
dissected follicles was retained for the entire 10-day period
of culture. no statistically significant differences were
found between the survival (considered as preservation of
normal follicular architecture and absence of degenerative
signs) rate of hair grafts from control group A and
experimental group B. All grafts produced a measurable
shaft elongation, and a statistically significant difference
was found between the growth rate of control (conventional
one-hair micrografts) grafts (mean 10-day growth rate =
0.30mm) and of experimental (plucked micrografts) grafts
(mean 10-day growth-rate = 0.36mm) (Figure 3). The
increase in length was always associated with a keratinized
hair shaft. 

Figure 1. Human plucked hair follicle (no stain was used; original
magnification x20)

Figure 3. Statistically significant differences between the growth
rate of control one-hair micrografts (mean 10-day growth rate =
0.30mm) and of experimental plucked hair follicles (mean 10-day
growth-rate = 0.36mm).

Figure 2. Histologic 
analysis of a survived 
follicle showing a normal
histologic appearance after
10 days in culture (Azan
trichromic; original 
magnification x50).
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DISCUSSION
The present study addressed the question of whether

human adult plucked hairs are suitable for possible
employment in hair restoration procedures. For this purpose,
the authors assessed the survival and growth rate of human
plucked hairs, as compared to that of conventional one-hair
micrografts, using a dependable, reproducible, and
quantifiable in vitro system. indeed, hair-follicle culture is a
reliable way of in vitro testing the effects of different
procedures related to hair restoration surgery. Possible major
advantages of transplanting plucked hairs could be a
significant reduction in  invasiveness and graft harvesting
process time. Moreover, there are chances that hairs might
re-grow at the donor site due to the presence of bulb stem
cells retained in the sub-dermal layer. Finally, it is worth
underlining that plucked hairs have demonstrated a
statistically significant growth rate compared with single-hair
micrografts. The authors believe that these stem cells may
play a pivotal role in future hair transplantation procedures,
proving that even plucked hair could be employed for this
purpose. However, it should be taken into account that this
was only an in vitro study, and that the obtained data should
be assessed by means of further in vivo studies. 
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