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Abstract. — OBJECTIVE: In Europe, a great
number of investigations and studies followed up
to develop safer techniques performed by physi-
cians only. Successful dedicated medical proto-
cols included the implant of single fibers with ex-
tractable root. The aim of our study was to eval-
uate the efficacy of biocompatible artificial hair
implants in patients with androgenetic alopecia.

PATIENTS AND METHODS: 682 patients (488
males and 184 females) aged between 25 and 70
years old, with diagnosed AGA, requiring no inva-
sive nor surgical hair restoration, with problems
of baldness and refusing surgical options ap-
pealed to the Second Opinion Medical Consulting
(Modena, Italy), and were included in the present
protocol. Before the treatment, all patients under-
went a test implant to rule out hypersensitivity by
implanting 100 fibers on a selected skin spot. If
no reaction was detected, five weeks later 500-
1,200 fibers were further implanted per session at
a minimum interval of 5 weeks until the required
aesthetic result was achieved.

RESULTS: The average number of sessions
for each patient was 5. The average number of
implanted fibers was 2,100 (ranging from 800 to
12,000). The treated scalp area returned to nor-
mal appearance and tenderness in 3 days.

CONCLUSIONS: The socio-phycological ben-
efit and the life quality improvement of our pa-
tients have been the focus of the study. On our
side, the accurate selection, small hair units for
each implant session, customized dermatologi-
cal consultation and the use of highly biocom-
patible fibers have been the proper strategy to
achieve the goal.
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Introduction

Androgenetic alopecia (AGA) affects millions
of men and women worldwide. More than 50%
of the men over 50 years old have some degree
of hair loss'. In women, the hair loss is more
frequent in postmenopausal®. From the aesthetic
point of view, it has a significant emotional and
social involvement namely on the self-esteem™*.

History Remarks

The artificial hair implantation technique was
patented by Aurel Popovics of Torok-Kanizsa,
Austria-Hungary, on April 22, 1913, in the United
States (patent 1,059,631)°. During the 70s/’80s,
in Japan, it was strongly promoted by local man-
ufacturing facilities, then spread world widely in
the western countries®. Unfortunately, the reck-
less implantation by professionals’ hairdressers
without a medical training, the use of unsuitable
materials and the invasive technique of anchoring
in a non-reversible approach bulk of fibers sewed
under the scalp, caused some relevant derma-
tological troubles in many patients’’; therefore,
FDA banned this technique in the US in 1983".
In Europe, however, a great number of investi-
gations and studies followed up to develop safer
techniques performed by physicians only. Suc-
cessful dedicated medical protocols included the
implant of single fibers with extractable root'.
In 1995, artificial hair was approved in UE and
Australia as a medical device and submitted to
CE and TGA standards'*". The positive outcome
of this technique could only be obtained strictly
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complying with a protocol that includes a qual-
ified trained physician operator, a suitable in-
formed and motivated patient, and a standardized
regular post-operative protocol. The indication to
the procedure is basically to relieve the social and
psychological discomfort of the self-image due to
the premature or progressive baldness'*'*, male
and female androgenetic alopecia and progressive
thickening'®, or to traumatic lesions of the scalp,
burns, scars'’, and for people that are not eligible
for autologous stem cell transplant'®.

Patients and Methods

Our clinical experience reported in this study
is referred to the certified medical device pros-
thetic hair Biofibre4.0® developed between Jan-
uary 2019 and February 2020. Biofibre4.0" is a
sterile, inert, UV resistant, highly bio-compati-
ble, medical grade VI Polybutylene terephthalate
fiber which is 0.08-0.09 mm and 160-460 mm
long suitable. It is available in 13 colors and 4
different shapes: the open knot at one tip of the
fiber is inserted into the scalp subdermal layer,
inducing a collagenic fibrotic reaction. This knot
can be reversely withdrawn without any foreign
body left behind.

682 patients (488 males and 184 females), aged
between 25 and 70 years, with diagnosed AGA,
requiring not invasive, not surgical hair resto-
ration, appealed to the Second Opinion Medical
Consulting, from February 2020 to February
2021, with problem of baldness refusing surgical

options and were included in the present proto-
col. The Second Opinion Medical Network is
a consultation referral web and medical office
system enclosing a wide panel of specialists, to
whom any patient with any illness or syndrome
not adequately satisfied with diagnosis or therapy
can ask for an individual clinical audit or specific
counseling'2?. According to the principles of the
Declaration of Helsinki, all patients signed an
informed consent form about the artificial hair
procedure pros and cons and were included on
the basis of the following inclusion and exclusion
criteria (Table I). A grade of AGA was assigned
for men as per the Modified Norwood-Hamil-
ton criteria, modified from the earlier Hamil-
ton classification (Table II), consisting of seven
broad groups and four specific variant types®**
and for female as per the three-point Ludwig
scale” and the five-point Sinclair scale’® (Tables
III-IV). The majority of the 488 male enrolled
patients were affected by AGA Il according to
Norwood-Hamilton scale. More in details, 9.08%
of male patients was classified in group II and
variant, the 23.97% in group 111 and variants, the
28.93% in group IV and variant, the 21.90% in
group V and variants, the 12.19% in the group
VI and the 3.93% of male patients was classified
in group VII (Figure 1). The 184 female patients
were classified according to the Ludwig’s AGA
scale as follows: 26.63% was included in group I,
53.26% was in group II and 20.11% in group 111
(Figure 2). The same group was classified also,
according to the Sinclair’s AGA scale, as follow-
ing: 26.63% was included in group II, 29.89%

Table I. Inclusion and exclusion criteria of the participants to study.

Inclusion criteria

Exclusion criteria

- Clinical diagnosis of androgenetic alopecia and grading
with Hamilton scoring,

- Patient with AGA grade I-V of modified
Hamilton-Norwood or grade I-1I of Ludwig scale

- Good general health without any other pathology of the scalp,

- Patients willing to return for follow up,
- Signed informed consent

- Severe insulin dependent diabetes,

- Dermatitis or any dermatosis of the scalp,

- Other chronic metabolic and autoimmune diseases,

- Severe cardiovascular and kidney insufficiency,

- Cancer or chemotherapy or immunosuppressive drugs,

- Psychiatric problems, trichotillomania, maniac
depressive moods,

- Skin problems, previous keloids in any area of
the body surface, psoriasis, chronic skin eczema or
chronic infectious inflammations, skin cancers,

- Allergies,

- Patient who has tendency to form keloid,

- Pregnant women
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Table Il. Modified Norwood-Hamilton classification.

Type

Clinical definition

Minimal recession of the hairline along the anterior border in the frontotemporal (FT) region.

II

The anterior border of the hair in the FT region has triangular areas of recession that tend to be symmetrical.
These areas extend no further posterior than approximately 2 cm anterior to a line drawn in a coronal plane
between the external auditory meatus on both sides. Hair is either lost or sparse along the mid-frontal border
of the scalp.

111

Characterized by deep FT hair recession, usually symmetrical and either bald or sparsely covered with hair.
These areas of hair recession extend further posterior than a point that lies approximately 2 cm anterior to a
line drawn in a coronal plane between the external auditory meatus on either side.

v (vertex)

Hair is mainly lost in the vertex. There may be some frontal recession, but it does not exceed that seen in
type II1.

v

The frontal and FT recession are more severe than in type III. There is also sparseness or absence of hair in
the vertex area. These bald areas are wide, but separated from each other by a band of moderately dense hair
that joins the fully haired fringe on each side of the head.

\Y%

The hair loss over the vertex and FT areas is larger than in type IV and the band of hair between them is
narrower and sparser.

VI

The hair loss over the FT and vertex regions is confluent and the bridge of hair that crosses the crown is
absent.

VII

There is only a narrow horseshoe-shaped band of hair that begins laterally just anterior to the ear and extends
posteriorly on the sides and fairly low on the occipital area.

Variants (Type

Constitutes 3% of all cases of AGA: (i) the entire anterior border of the hairline progresses posteriorly with-

variants-a) out the normal island of hair in the mid-frontal region and (ii) there is no simultaneous development of a bald
area on the vertex. Instead, the anterior recession just advances posterior to the vertex.

Ila The entire anterior border of the hairline lies high on the forehead. The usual mid-frontal island of hair is rep-
resented by only few sparse hairs. The area of denudation extends no farther than 2 cm from the frontal line.

Ila The area of denudation reaches the mid-coronal line.

IVa The area of denudation extends beyond the mid-coronal line and there may be considerable thinning of hair
posterior to the actual hair line.

Va Most advanced degree of alopecia; however, the bald area does not reach the vertex.

Table Ill. Ludwig’s Scale for female AGA.

Stage 1 Thinning of hair is seen mainly over the anterior part of the crown with minimal widening of

the parting width.
Stage 2 Thinning of the crown becomes more evident because of an increase in the number of thin and short hairs.
Stage 3 The crown becomes almost total bald. There is a significant widening of the parting width, but the frontal

hairline is still maintained.

Table IV. Sinclair scale for female pattern AGA.

Grade 1 Is normal. This pattern is found in all girls prior to puberty but in only forty-five percent of women aged
eighty or over.

Grade 2 Shows a widening of the central part.

Grade 3 Shows a widening of the central part and thinning of the hair on either side of the central part.

Grade 4 Reveals the emergence of a diffuse hair loss over the top of the scalp.

Grade 5 Indicates advanced hair loss.
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Figure 1. Modified Norwood Hamilton AGA scale classi-
fication.

was in group 111, the 23.37% in the group IV and
the 20.11% was in group V (Figure 3). The pa-
tients were addressed to Dr. G. Mokhtar and Dr.
C. Chaker as qualified experts of Biofibre® hair
implants, and they sent to our supervising Second
Opinion Consulting office periodical notes about
the individual procedures and about the clinical
follow-up of each patient.

Pre-Implantation Visit

Scalp sebum concentration and hydration were
carefully evaluated in order to state the proper
follow-up schedule?’. The patient was warned that
the implants would have been performed in a low
number of units through multiples sessions, pre-
ceded by an individual compatibility test of 100
fibers. The first postimplant visit was done after
5 weeks on average, but it was anticipated in case
of any suspect adverse event.

Each implant following session could be per-
formed with no more than 1,200 fibers in dif-
ferent scalp areas®®*. During the implant, the
physician disinfected the implanted area with
hydrogen peroxide without rubbing, in order to

Ludwig's AGA scale classification
60.00%
53.26%
50.00%
40.00%
30.00% 76.63%
20.11%
20.00%
10.00%

0.00%

Figure 2. Ludwig’s AGA scale classification.

Figure 3. Sinclair’s AGA scale classification.

avoid surfacing the fibers. To have a long-lasting
result, the root of the fiber was placed in the galea
capitis, to be held by the fibrous tissue avoiding
any traction to reduce causes of premature fall
of the fiber. Inclination degree of the implanter
shall be around 45° and 60° with respect to the
scalp and front-line implant shall be performed
in staggered way.

Description of the Procedure

Minocycline oral antibiotic (100 Mg) was ad-
ministered the day before the implant for 7 days.
The patient was lying in a comfortable sitting
on a professional chair. Povidone iodine and hy-
drogen peroxide 3% (10 vol.), were administered
at the beginning of the procedure. The area to
be implanted was then injected with lidocaine
at 2% plus adrenaline 1:100,000, through a 3
ml syringe luer lock with a 30-gauges needle.
The amount of injected anesthetic had to be just
enough to create an ischemic white spot in the
implantation area (nearly 1 cc. every 4-5 cm? of
the scalp). We inserted the needle horizontally
and slowly injected anesthetic on the surface and
in the layers of the derma, in order to achieve
greater vasoconstriction and duration of the
anesthesia. After anesthesia and before implan-
tation, the scalp was carefully further disin-
fected with chlorhexidine and dried with low
temperature air spray for a couples of minutes.
Before the treatment, all patients were submitted
to a test implant to rule out hypersensitivity by
implanting 100 fibers on a selected skin spot. If
no reaction was detected, 500-1,200 fibers five
weeks later were further implanted per session
at a minimum interval of 5 weeks until the
required aesthetic result was achieved. Each
session was performed with maximum sterility
and disinfection care as in the above protocol. A
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straight automatic implanter needle was used to
insert the knot of the fiber into a standard depth
deep into the galea and then withdrawing the de-
vice. The fibers were inserted at 2 mm distance
from each other, paying attention not to displace
them with undue tractions. Inclination degree of
the implanter had to be around 45° and 60° with
respect to the scalp and front-line implant was
performed in zig-zag way to get a more natural
final result. At the end of the procedure, a sterile
gauze was applied with ice pack for 5 minutes
on the implanted area then disinfected with ch-
lorhexidine. Topical (bacitracin, fusidic acid),
as well as systemic antibiotic, were prescribed,
and also an antiseptic shampoo each other day
for a week. The first shampoo was prescribed
to be used 2 days later with ketoconazole and
with great care, because the implants were not
steadily anchored yet to the galea by fibrous
reaction. The first week after implant, the anti-
biotic therapy was pursued with daily chlorhexi-
dine sprayed on the scalp. Neutral shampoo was
prescribed twice a week for the first month, or
even more often in selected cases. Ketoconazole
shampoo once a week and chlorhexidine every
2 days were considered to be a good implant
preservation policy. Dermatologic check-up was
fixed after 5 weeks.

Clinical examination and scalp hygiene assess-
ment were performed at each monthly session
for the first year and every three months for the
second year. Any adverse event was registered.
Each patient filled in a short form of the medical
outcome health survey questionnaire (SF-36) at
baseline and after two years. The questionnaire
measures health-related quality of life (QoL) in
eight settings: vitality, general health percep-
tions, physical functioning, physical role func-

tioning, emotional role functioning, social role
functioning, bodily pain, and mental health. Each
scale is scored using norm-based methods, with
percentage scores ranging from 0% (lowest or
worst response) to 100% (highest or best possible
response)*’.

Statistical Analysis

The statistical analysis was performed using
the statistical software package Graph Pad &
(Prism Pad Software Inc., San Diego, CA, USA).
The results were expressed as value + standard
deviation (DS). The groups of data were com-
pared through the Student’s #-test, considering a
level of significance of p<0.05.

Results

The average number of sessions for each pa-
tient was 5. The average number of implanted fi-
bers was 2,100 (ranging from 800 to 12,000). The
treated scalp area returned to normal appearance
and tenderness in 3 days. Analgesics were not or-
dinarily required after the procedure. No intraop-
erative or postoperative complications were ob-
served. In the follow-up, 65% of patients attended
the operative sessions only, without further con-
trol visits, while 35% underwent regular checks.
In the following 6 months, a thorough cleaning of
the pooled sebum around the implant shaft usual-
ly restores the integrity of the newly formed fol-
licle. Our follow-up was done with periodic visits
at the clinic, monthly for 6 months and then with
telemedicine interviews and photos of the scalp
(Figures 4-6). The sebum storage in the scalp has
been our primary concern in terms of prophylax-
is and patient education: in fact, the exceeding

Figure 4. A-B, Female patient treated with 2,000 Biofibre 4.0® in 3 sessions.
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Figure 5. A-B, Male patient treated with 5,000 Biofibre 4.0® in 6 sessions.

sebum pools at the base of the implanted fibers
causes a high percentage of implants drops. We
observed sebum increase in the implanted area in
72 patients, but only 31 participants developed an
infectious or inflammatory (24 mild, 7 medium)
complications (Figures 7-8). All the 24 “mild”
cases were successfully treated by a local therapy
with fusidic acid plus hydrocortisone cream and
chlorhexidine. The healing average time was 8

days. The 7 “medium” cases were treated by sys-
temic antibiotic with ciprofloxacin 250 mg: 2x10
days and steroid prophylaxis with betamethasone
1 mg: 2x3 days, then 1x3 days, in addition to
local therapy as before. The average time to heal
was 3 weeks. Two of these cases got recurrent
problems, so fibers extraction was provided. In 2
cases curling of some fibers was noticed and they
are regularly replaced (Figure 9). In the group of

Figure 6. A-B, Scalp scars treated with 2,000 Biofibre 4.0® in 2 sessions.
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Q.D

Figure 8. A-B, Suitable and risky area for implant.

patients unable to attend correctly to their scalp
hygiene, as recommended, we noticed almost
20% hair drop out in the follow-up compared to
the 10% normal average standard*-2. The fibers
loss had a purely economic impact, but it did not
contraindicate their replacement, and the majori-
ty of the patients applied for restoration with fur-
ther sessions, due to the psychological advantage
acquainted. Sebum accumulation was removed at

35% Patients who undergone to routine medical checkup

65% Patients who didn’t undergo to routine medical checkup

6% Patients with sebum accumulation without any infection or crusts

4.5% Patients with sebum accumulation, infection and/or crusts

3.5% Patients with mild problem solved with local therapy

0.7% Patients with medium problem solved with local and systemic therapy

I NI

0.3% Patients with medium problem who required fibers removal

Figure 9. Clinical patterns of the implanted patients.
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the clinic, both mechanically and locally admin-
istering phosphatidylcholine and sodium deoxy-
cholate. In 8 cases, local infiltration of organic
silicious (monomethyltrisilanol salicylate) was
required to smooth out the skin roughness caused
by neglected sebum plugs. The overall patient’s
satisfaction registered was more than 95%. The
main efficacy endpoints, as assessed by the SF-36
questionnaire, testify that significant improve-
ments in the mental and physical role functioning
score (p<0.02), in general health, in social role
relationships (p<0.02), vitality (p<0.03), and a
higher threshold of body pain (p<0.03) were
achieved. Changes in role limitations (p=0.02) or
emotional state, with reduction of typical AGA
symptoms including social anxiety, less self-es-
teem were observed (Figure 10).

Discussion

Recommendation for a
Safe Implant Procedure

Not all the scalp areas are suitable for the im-
plant. Temporal area or low front line are risky
areas for dropping, inflammatory and/or infec-
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Figure 10. Graphical Representation of results SF36 ques-
tionnaire. Bar graphs showing the mean % SF-36 ques-
tionnaire results for the Pre-treatment (blue graphs) and
Post-treatment (fuchsia graphs) group. The SF-36 values
were already statistically better that those collected pre-treat-
ment. ****p<0.0001 pre- vs. post-treatment.

tious processes due to the thin or null galea layer
and presence of muscle bands. It is mandatory to
never implant two fibers in the same hole and,
in case, remove one of them. Suggested distance
between two implanted fibers is 2 mm to avoid
possible grouping. The implant sessions are
performed with a 5-weeks interval from each
other. According to our experience, the limited
number of implanted fibers (700 on average each
time) has two main advantages: the patient’s
skin is not exceedingly stressed, so the scalp
post-implant inflammatory reaction is always
reduced and shortened, accelerating the skin
healing. The implanted patient has to be aware
that the lifespan of biocompatible artificial hair
depends by himself. The health of his scalp and
its regular hygiene are required for the best
customer and mutual satisfaction. Each doctor,
based on the geographical location and the dif-
ferent uses and habits of the patients, could face
different problems. The most frequent problem
regards sebum management. Patients living in
certain areas might have more difficulties to un-
dergo post-implantation check-ups and to abide
to the aftercare protocol. Some patients may

develop a greater quantity of sebum that, in
case of poor hair care, sticks at the base of the
implanted fibers, causing unsightly blackspots
and dilatation of the newly formed follicle with
early loss of the fibers, crusts, and infection
risk. The sebum can be removed directly in the
clinic with appropriate procedure that includes
use of a suitable forceps. Before this procedure,
we recommend spraying a steam flow or to put
a warmed wet towel over the scalp to open the
pores for half an hour and subsequently to spray
with chlorhexidine. As recent alternative to the
mechanical comedos clearance, a solution of
phosphatidylcholine and sodium deoxycholate
can be locally applied to the scalp to get sebum
more fluid and removable by a cotton swab.
The PPC/DEOX preparation has a composition
of 250/125 mg per vial (50-25 mg/mL in 5-mL
vials). The DEOX preparation has a composition
of 237.5 mg per vial (47.5 mg/mL in 5-mL vials).
The sebum complications can be prevented with
a daily neutral shampoo and a periodical appli-
cation of light antiseptic spray, added with sebo-
lytic and keratolytic formulae. A rotational man-
ual cleaning once a month during the shampoo
with a soft toothbrush is a simple but effective
measure to remove the excess of sebum. It is
important to consider that, in case of prolonged
and massive accumulation, these sebum plugs
can create roughness of the skin scalp, which
can be reduced or erased by localized infiltra-
tions of organic silicious (monomethyltrisilanol
salicylate).

Conclusions

The postoperative follow-up and its outcome
are influenced by the individual genetic and psy-
chological background and by external factors.
The sebum management is the hardest topic to
face. Sebum is a natural protective shield of the
skin, but if exceeding into the newly formed fol-
licles, it has to be cleared out regularly. Periodic
and careful sebum removal is very important to
preserve the long-standing turnover of the im-
plants and to reduce the risk of inflammatory or
septic untoward effects. The number and the de-
gree of complications encountered in our clinical
experience can be considered quite low, taking in
account that part of the implanted patients did not
fully comply with our maintenance recommenda-
tions. The socio-phycological benefit and the life
quality improvement of our patients have been
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the focus of the current study. On our side, the
accurate selection, small hair units for each im-
plant’s session, customized dermatological con-
sultation and the use of high biocompatible fibers
have been the proper strategy to achieve the goal.
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