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Abstract
Androgenetic alopecia (AGA) is the most common type of

hair loss. Treatment options are limited. Microneedling, a mini-
mally invasive technique can enhance hair growth by releasing

growth factors. However, no standardized protocol for frequency,
depth and duration is available. This study aimed to determine the
effectiveness and safety of the combination therapy of
microneedling and minoxidil in AGA. This study was a random-
ized controlled clinical trial conducted over 12 weeks. The inter-
vention group received a 4-weekly combination therapy of
microneedling + 5% minoxidil, while the control group got only
topical 5% minoxidil. Hair density and diameter were assessed
using FotoFinder® trichoscale (Fotofinder Systems GmBH, Bad
Birnbach, Germany) every 4 weeks. A total of 36 male partici-
pants, between 26-51 years old, with Hamilton-Norwood type III-
VI AGA were included. At the end of the study, the intervention
group had significantly higher hair density (95.6 vs 52.4 hair/cm²,
p<0.001) and diameter (18 vs 6 μm, p=0.004) than the control
group. Side effects, included itching and transient erythema, were
well tolerated. The combination of 4-weekly microneedling and
topical 5% minoxidil is effective in increasing both hair density
and hair diameter, and safe to use in AGA patients.

Introduction
Androgenetic alopecia (AGA) is the most common form of

hair loss, affecting both men and women worldwide, with varying
prevalence rates based on gender and ethnicity. In men, around 50-
60% experience AGA by age 50, rising to 80% by age 70, while
women have lower rates (29-42% by age 70). Alopecia androge-
netic is also influenced by ethnicity, with different patterns seen in
Asian populations compared to others.1-3

Androgenetic alopecia accounts for 31.2% of hair loss cases at
our institution between 2017-2019. It primarily affects men, often
with a family history of the condition.4 Genetic and environmental
factors play a role in AGA, primarily driven by androgen in men.
This condition often leads to a gradual reduction in hair density in
specific regions of the scalp.5,6 Androgenetic alopecia significantly
impacts patients’ quality of life, causing concerns about aging and
attractiveness. Most patients experience moderate to severe
impacts on their quality of life, with a strong desire for effective
treatment to prevent further hair loss.7,8

Treatment options for AGA are limited and include medica-
tions like minoxidil and finasteride, as well as procedures such as
microneedling (MN). While minoxidil is a common treatment, its
mechanism is not entirely understood but is believed to improve
blood flow and hair growth factors.9 Microneedling is a newer
technique that uses tiny needles to stimulate hair growth and
enhance the absorption of topical medications.10 Nevertheless,
universal protocol has not yet been established. The aim of this
study is to determine the effectiveness and safety of the combina-
tion therapy of 4-weekly MN and topical 5% minoxidil in AGA.
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Materials and Methods

Study design and population
This study is a controlled randomized clinical trial. The sam-

ple collection for this study was conducted at the Dermatology
and Venereology Outpatient Clinic at Dr. Cipto Mangunkusumo
Hospital (RSCM) from May to August 2023. The study has
obtained ethical approval under the reference number KET-
375/UN2.F1/ETIK/PPM.00.02/2023 issued by the Research
Ethics Committee of RSCM, Faculty of Medicine, University of
Indonesia, and has been registered on clinitrials.gov with ID
NCT05989165. The subjects include all Indonesian male diag-
nosed with AGA who were selected based on inclusion and exclu-
sion criteria and were willing to sign the informed consent form to
participate in the study. The inclusion criteria for the subjects are
Indonesian male, age 18-59 years, diagnosed with AGA type III-
VI based on Hamilton-Norwood scale. The exclusion criteria
include: the use of topical minoxidil or finasteride in the last 1
month; the use of oral minoxidil or finasteride in the last 2 months;
has skin infection in the balding area; underwent AGA therapy
procedures such as PRP injection, laser treatment, or MN within
the last 3 months before the study; and a history of keloid.

Study procedures
Thirty-six subjects who met the inclusion and exclusion crite-

ria, and signed the informed consent form, were randomized to
receive either combined MN and topical minoxidil 5% therapy
(intervention group) or topical 5% minoxidil therapy (control
group). The randomization was conducted using a combination
block randomization method. The patient’s randomization number
was matched with their arrival order. Based on the randomization
results, 18 subjects were assigned to the intervention group, while
18 subjects were assigned to the control group. All subjects were
instructed to apply 5% minoxidil twice daily for 12 weeks.
Subjects in the intervention group received MN therapy every 4
weeks (weeks 0, 4, and 8).  The treatment area encompasses the
frontal region, measuring 20×5 cm. Prior to the procedure, a topi-
cal anesthetic cream (2.5% lidocaine and 2.5% prilocaine) is
applied to the target area and left in place for a duration of 15-45
minutes. The area is then cleansed with physiologic saline solution
and an alcohol swab. A needle depth of 0.6 mm is selected, this
depth was selected based on previous study. The desired endpoint

is the presence of pinpoint bleeding or mild erythema. At the end
of procedure, the area is cleansed using physiologic saline solu-
tion, and a 2% fusidic acid cream is applied. Minoxidil is given 24
hours after the procedure.

Outcome measure
Evaluations were performed at weeks 0, 4, 8, and 12. Upon

each visit, patients undergo physical examination, and trichoscale
examination. The trichoscale examination is performed at the
same designated points, in both right and left frontal regions. This
examination is conducted using the FotoFinder® Medicam HD
800 device, which is equipped with TrichoScan® software
(Fotofinder Systems GmBH, Germany). This examination will
give measures of hair density, hair diameter, percentage of termi-
nal and vellus hairs.

Statistical measures
All subjects completed the study. Intention-to-treat analysis

was conducted on the data using SPSS® version 20.
Characteristics with categorical data are presented in the form of
frequency and percentage. The results of the examination of termi-
nal and vellus hair percentages will be presented as descriptive
data in percentage form. Numeric data were analyzed for normal-
ity using the Kolmogorov-Smirnov test. The comparison of mean
hair density and hair diameter between the two study groups was
analyzed using unpaired T-tests. If the data were not normally dis-
tributed, an alternative test, the Mann-Whitney test, was used. The
significance level used in this study is set at alpha equal to 5%. 

Results

Sociodemographic characteristics
All subjects were males aged between 26-51 years old. The

overall mean age of the subjects was 34 (6.75) years. The differ-
ence mean age between the two groups was statistically signifi-
cant. A total of 91.7% of the subjects had a family history of AGA.
In the control group, there was one subject with a history of hyper-
tension and one subject with a history of dyspepsia. None of the
subjects were regularly taking medication. Approximately 47.2%
of the subjects were smokers. The characteristics of the study par-
ticipants are shown in Table 1.
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Table 1. Sociodemographic characteristics of the intervention and control group.

Characteristics                                  Microneedling + topical 5% minoxidil            Topical 5% minoxidil                                     p
                                                                                        (n=18)                                                     (n=18)                                                    

Age (year)a                                                                                37.6±7.14                                                        33.3±4.14                                                  0.019*
Family history of AGA; n (%)                                                                                                                                                                                                  
      Yes                                                                                       17 (94.4)                                                          16 (88.9)                                                    0.546†

      No                                                                                         1 (5.6)                                                             2 (11.1)                                                          
Past medical history                                                                                                                                                                                                                  
      None                                                                                    18 (100)                                                          16 (88.9)                                                  0.486**
      Dyspepsia                                                                                  0                                                                  1 (5.6)                                                           
      Hypertension                                                                             0                                                                  1 (5.6)                                                           
Medication history                                                                                                                                                                                                                    
      Yes                                                                                             0                                                                       0                                                            1**
      No                                                                                        18 (100)                                                           18 (100)                                                         
Smoking history                                                                                                                                                                                                                        
      Yes                                                                                        8 (44.4)                                                             9 (50)                                                        1**
      No                                                                                        10 (55.6)                                                            9 (50)                                                           
aData presented as mean and standard deviation; *Independet t-test;**Fischer’s test; †Chi-square test.
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Clinical characteristics
The mean duration of AGA overall was 66 (80.5) months, or

approximately 5.5 years. Most of the subjects had AGA severity of
III (41.6%), followed by III vertex (19.4%), IV (16.7%), VI
(13.8%), and V (8.3%). The mean hair density varied from
70.3±24.1 to 96.8±18.9 hair/cm², whereas the mean diameter was
30.2±3 µm. Hair pull test was negative in all subjects.

Changes in hair density
The comparison of the differences in hair density at each visit

compared to baseline between the intervention and control groups
is presented in Figure 1a. Hair density appeared to increase in both
groups at each follow-up. After 12 weeks, the mean hair density in
the intervention group was 175.8 (47.43) hairs/cm2, while in the
control group was 156.3 (28.8) hairs/cm2. The mean increase of
hair density in the intervention group was 95.6 (40.6) hairs/cm2

whereas 52.4 (34.2) hairs/cm2 in the control group. The difference
in mean hair density between the two groups was statistically sig-
nificant (p<0.001). Clinical comparison at each visit is presented
in Figures 2 and 3.
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Figure 2. Clinical comparison of combined therapy of micro-needling and minoxidil. a) Week 0; b) trichoscale at week 0; c) week 12; 
d) trichoscale at week 12.

Figure 3. Clinical comparison of minoxidil therapy. a) Week 0; b) trichoscale at week 0; c) week 12; d) trichoscale at week 12.

Figure 1. Comparison of the mean difference at each visit between the two groups. a) Mean difference in hair density at each visit between
the two groups; b) mean difference in hair diameter at each visit between the two groups.
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Changes in hair diameter
The comparison of the differences in hair diameter at each

visit compared to baseline between the intervention and control
groups is presented in Figure 1b. After 12 weeks, there was a high-
er increase in hair diameter in the intervention group compared to
the control group (18 µm vs 6 µm). The mean difference in hair
diameter between the two groups was statistically significant at
the end of the study (p=0.004). 

Changes in terminal and vellus hair
After 12 weeks, the mean percentage of terminal hair in the

intervention group became 73.2%, while in the control group, the
median percentage of terminal hair became 58.8%. Meanwhile,
the mean percentage of vellus hair in the intervention group
became 26.8%, while in the control group, the median percentage
of vellus hair became 41.1% (data not shown).

Side effects and adverse events assessment
Side effects and adverse events were assessed at weeks 4, 8,

12. Overall, 25% of the subjects experienced side effects, with six

subjects in the intervention group and three subjects in the control
group. The most common reported side effect was itching (22.2%)
after using minoxidil. Itching was mainly felt at the beginning of
minoxidil use and did not interfere with daily activities. One sub-
ject in the intervention group reported transient erythema after the
MN procedure. All side effects were well tolerated, and no subject
withdrew from the study.

Characteristics of hair based on androgenetic
alopecia grade

Subjects were divided into two groups based on AGA grade.
The moderate AGA group included individuals with AGA of
degree III, III vertex, and IV. The severe AGA group comprised
individuals with AGA of degree V and VI. Baseline hair charac-
teristics, categorized by the AGA degree group, are presented in
Table 2. Hair density, hair diameter, and the percentage of terminal
hair in the moderate AGA group were higher than those in the
severe AGA group. Conversely, the percentage of vellus hair was
higher in the severe AGA group compared to the moderate AGA
group. Hair density at each visit based on AGA grade and overall

Article

Table 2. Baseline hair characteristics based on androgenetic alopecia grade.

Characteristics                                                                   Grade III, III vertex and IV                                  Grade V dan VI
                                                                                                                (n=28)                                                              (n=8)

Hair density (hair/cm²)                                                                                        87.8±19.4                                                                 68.9±37.7
Hair diameter (μm)                                                                                                30.5±2                                                                      29.2±2
Terminal hair rate (%)                                                                                          13.2±7,5                                                                     11.3±5
Velus hair rate (%)                                                                                                86.9±7.8                                                                   89.2±4.5
Data presented as mean and standard deviation.

Figure 4. Hair density based on androgenetic alopecia grade and overall.
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is presented in Figure 4. In all groups, an increase in hair density
compared to baseline was observed. Furthermore, it is evident that
there is an increased hair density observed in the intervention
groups, both in moderate AGA and severe AGA group, as com-
pared to the control group.

Discussion
The age of the study participants ranged from 26 to 51 years,

with a mean age of 34 years. Approximately 50-60% of men expe-
rience AGA around the age of 50, increasing to 80% at around 70
years old.1 In RSCM within the years 2017-2019, the mean age of
AGA patients was 29.45 years.4 Therefore, the mean age of
patients in this study is consistent with AGA research in Indonesia.
In this study, the difference mean age between the two groups was
statistically significant. Subjects in the control group were
younger (33.3±4.14 years old) compared to the intervention group
(37.6±7.14 years old). Early intervention may affect treatment
outcomes.2 About 91.7% of the study participants had a family
history of AGA. Data from RSCM shows that 50% of patients
have a family history of AGA.4 A study in China reported that
55.8% of male AGA patients had a family history of AGA,11 while
a study in India reported 87% of AGA patients had a family histo-
ry.12

The baseline mean hair density in this study was 70.3-96.8
hairs/cm². Kumar et al. reported a baseline hair density for AGA
of 80.37-82.35 hairs/cm²,13 while in the study by Sohng et al., the
initial hair density ranged from 97.64 to 105.44 hairs/cm².14 Thus,
the baseline mean hair density in this study is similar to other
AGA studies in Asia. The baseline mean hair diameter in this
study was 30.2 μm. In the study by Bao et al., the baseline hair
diameter ranged from 64.4 to 65.3 μm,15 whereas Faghihi et al.
reported an initial hair diameter of approximately 47.9-50.6 μm in
AGA patients.16 Thus, the hair diameter in this study is smaller
compared to other AGA management studies in Asia. Currently,
there is no data available regarding the characteristics of hair den-
sity and diameter of AGA in Indonesia.

Both the control and intervention groups showed an increase
in hair density over time. After 12 weeks, the mean difference in
hair density compared to baseline in the control group was 52.4
hairs/cm², while in the intervention group, it was 103.4 hairs/cm².
Despite the lower baseline hair density in the intervention group,
the hair density exhibited a substantial increase compared to the
control group at the end of the study. There was a significant dif-
ference in the mean difference in hair density between the two
groups (p<0.001). Significant differences were observed from
week 4 onwards. This indicates that the combination therapy of
MN and 5% minoxidil is more effective in increasing hair density
compared to the control therapy.

The results of studies on the effectiveness of combination ther-
apy with MN and minoxidil 5% vary. The study by Faghihi et al.
compared the two different depths of MN, a group with 0.6 mm
and the other one with 1.2 mm depth.16 After 12 weeks, the group
with the depth of 0.6 mm tended to be more effective than that of
1.2 mm.  A shorter depth may induce minimal trauma to the hair
bulge compared to a longer depth of microneedle. The type of MN
device and needle depth are believed to affect treatment effective-
ness.

In this study, the mean hair diameter in both groups increased
over time. There was a significant difference in the mean differ-
ence in hair diameter between the two groups (p=0.004). The sig-
nificant difference was observed from week 8 onwards. This study

suggests that the combination therapy of MN and minoxidil 5% is
more effective in increasing hair diameter than single therapy with
minoxidil 5%. Studies on MN therapy in AGA that assess hair
diameter are limited. The study by Faghihi et al. reported a signif-
icant difference increase of hair diameter in the combination ther-
apy group of 0.6 mm dermapen and minoxidil 5% compared to the
control group after 12 weeks (p=0.007).16 Bao et al. compared the
effectiveness of AGA therapy in three different groups: minoxidil
5%, MN (depth 1-2 mm), and combination therapy of MN and
minoxidil 5%.17 After 24 weeks, there was no significant differ-
ence between the intervention and control group.

Both the control and intervention groups showed a significant
increase in the percentage of terminal hair and a decrease in vellus
hair compared to baseline. A similar finding was observed in the
study by Bao et al., where terminal hair density increased com-
pared to baseline at the end of the study.17 In AGA, pigmented ter-
minal hair is transformed into non-pigmented vellus hair through
the process of follicle miniaturization and repeated shortening of
the anagen phase.18 Therefore, the percentage of vellus hair in
AGA is higher than in the normal population. The percentage of
vellus hair in the normal population is usually less than 10%,
while the percentage of terminal hair ranges from 70% to 90%.19

The decrease in the percentage of vellus hair and the increase in
the percentage of terminal hair indicate improvement of the clini-
cal condition.

In this study, side effects such as itching and transient erythe-
ma were reported. The majority reported side effects were itching
(8 participants). Complaints of itching were also reported in the
studies by Sohng et al. and Bao et al.14,17 One participant experi-
enced transient erythema after the MN procedure. Side effects of
MN procedures are rarely found and are usually temporary.
Erythema and irritation are the most common reported post-proce-
dure side effects. Other side effects of MN procedures that have
been reported include post-inflammatory hyperpigmentation,
exacerbation of acne, reactivation of herpes, and local infec-
tions.20-22 Thes side effects in this study were tolerable and tran-
sient for the participants, allowing all participants to continue the
study until the end. The side effects between those two groups did
not differ significantly. Thus, MN can be considered a safe adju-
vant therapy with minimal side effects.

The mean hair density was found to be lower in patients with
more severe grades (grades V and VI) in the initial study data. The
increase in hair density was better observed in the intervention
group, both in the moderate or severe AGA group. In the study by
Bao et al., inclusion criteria included AGA patients with Hamilton
Norwood grades III-VI.17 After 24 weeks, overall hair density was
found to increase more in the combination therapy group of MN
and minoxidil 5%. Therefore, MN procedures can also be an adju-
vant therapy option for AGA patients with more severe grades.

Conclusions
The increase in hair density in participants who received the

combination therapy of MN and topical 5% minoxidil was higher
compared to 5% minoxidil alone after 12 weeks. Similarly, the
increase in hair diameter was higher in the intervention group.
Conducting the procedure every 4 weeks increase the compliance
of the subjects. Minimal side effects were also observed. The pro-
cedure MN with 0.6 mm depth and 4 weeks interval can be greatly
considered as an effective and safe adjuvant therapy of AGA. 
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