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Background: Collecting data on hair counts helps dermatologists diagnose hair diseases more accurately. Quantitative trichoscopy
analysis and pathologic examination are two common ways to evaluate hair parameters.
Purpose: The study aims to compare the effect of quantitative trichoscopy analysis and pathologic examination in hair counting and
quantify the hair density of average Chinese people.
Methods: Trichoscopy was performed in four scalp regions with a total of twenty-three volunteers without alopecia: frontal, vertex,
occipital, and parietal. Hair density parameters were recorded. A 4-mm punch biopsy was performed in the occipital area, and all
specimens were transversely sectioned serially and observed to calculate the hair densities.
Results: The average hair density, hairs per follicle unit, and vellus hair ratio from quantitative trichoscopy analysis in the occipital
region were 163.07±28.17/cm2, 1.87±0.25 and 6.60±3.95%, lower than those from biopsy significantly (214.97±48.73/cm2, 2.24±0.30
and 10.48±6.43%). The hair shaft diameter measured by quantitative trichoscopy analysis was 74.52±8.02μm, higher than that by
histopathologic examination (68.65±8.00μm) (p<0.05).
Conclusion: Quantitative trichoscopy is a noninvasive, quick, and convenient way to evaluate hair density. Histopathologic
examination is an invasive way but provides more accurate data. The data obtained from trichoscopy and pathological examination
are different to some extent, which cannot be substituted entirely for each other. This study established the reference for hair density in
the adult Chinese population.
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Introduction
Comparison between normal and abnormal scalp is vital for diagnosing hair diseases.1 The hair counts in the normal
scalp may help dermatologists diagnose hair diseases more accurately and, therefore, provide a helpful baseline and
destination for treatment and research.

There are two ways to obtain data on hair counts, that are quantitative trichoscopy analysis and pathologic
examination. Quantitative trichoscopy analysis is a non-invasive and quick method for dermatologists to collect
magnified images of scalp area and analyze image data such as hair density and hair shaft diameter, which has been
used in various research.2–4 Trichoscopy is used more and more widely in diagnosing hair loss diseases. The method has
the great potential to replace scalp biopsy and pathologic examination in some areas for its noninvasiveness. Horizontal
sectioning of 4-mm punch biopsy specimens is generally used to diagnose hair diseases, which may provide more precise
information about hair follicles. Nevertheless, it is limited in application due to potential physical pain and even scars.

Hair density varies among demographics.5–10 However, data on hair counts in Chinese people are lacking. This study
investigates the data of average scalp hair density from histopathology and trichoscopy in the Chinese population and
compares the efficacy of quantitative trichoscopy analysis and pathologic examination in hair counting.
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Subjects and Methods
Subjects
A cross-sectional study was conducted. The sample size was estimated based on data from a previous study assessing
values of hair counts per 4 mm diameter punch biopsy from the scalp of Taiwan people, demonstrating that the mean
number of total hair follicles was 20.5±4.6.8 To achieve a confidence level of 95%, the researchers calculated the
minimum number with a 10% margin of error, which was 21. Thirty volunteers (fourteen females and sixteen males)
were recruited between April 2021 and July 2021. Inclusion criteria were healthy adult volunteers with clinically normal
hair and scalp appearance. Exclusion criteria were (1) pregnant or lactating women; (2) history of severe cardiovascular
diseases, endocrine diseases, autoimmune disease, or other systemic diseases; (3) presence of androgenic alopecia
(AGA), alopecia areata, telogen effluvium (TE), or other hair/scalp disorders; (4) presence of erythema, scales, papules,
or other active inflammation on the scalp; (5) hypersensitivity to pain; (6) history of keloid.

This study complied with the Declaration of Helsinki and was approved by the ethics committee of Peking University
First Hospital (2020–460.) All the participants were informed about the purpose of the study and written consent was
received from each participant before enrollment in the research.

Trichoscopy and Analysis
Hair imaging and measurements were conducted in four regions: right or left frontal hairline, vertex, right or left parietal,
and occipital area, using a polarized contact dermoscopy (Fotofinder body studio ATBM, Fotofinder Systems GmbH, Bad
Birnbach, Germany). The studied scalp areas were localized at (1) the top of the right or left frontotemporal angle
determined by the hairstyle of the volunteer (marked as “frontal”), (2) the mid-point of the connection of the left and
right external auditory ear canals (“vertex”), (3) the point 3cm above the auricle attachment point on the right or left side
(“parietal”), (4) the mid-point just beneath the occipital carina (“occipital”) (Figure 1). The hairs of the target areas were
shaved to about 2mm long.

The images were taken of each scalp area at a 20-fold magnification. All the parameters were measured by
Trichoscale pro 3.2 software Instant Count (Fotofinder Universe 2019, Bad Birnbach, Germany) and corrected manually

Figure 1 Measuring points of trichoscopy in frontal (A), parietal (B), vertex (C), and occipital (D) areas.
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by an experienced trichologist. The average hair diameter and hair count parameters were calculated by the software
automatically.

Histopathologic Examination
A 4-mm punch biopsy was performed in the occipital region of each volunteer, at the same site as the trichoscopy
examination site. The biopsy specimens were fixed in the 10% neutral, buffered formalin solution. The fixed specimens
were cut horizontally in the middle of the total length and embedded in the blocks, and serial sections were obtained from
the epidermis to the fatty layer. All sections were stained with hematoxylin and eosin. All slides were scanned by the
Hamamatsu NDP slide scanner (NanoZoomer 2.0RS, Japan) and observed at the viewing platform (NDP.Viewer 2). Hair
shaft diameter was measured by mouse pointing and dragging vertically from one edge of the hair shaft to the other edge
(Figure 2A). Because some hair shafts may be lost in the process of slide-making, it is usually observed that only some
hair shafts were still retained in a section, and all the hair shaft diameters information can be completed through other
sections of the same specimen. To simplify the analyses, hair follicles with a shaft whose diameter was less than 0.03 mm
were defined as vellus hairs and those shafts of larger diameter were categorized as terminal hairs in this study. All
follicular structures were identified at various anatomical levels from the epidermis to the subcutis. Hair parameters
including the number of total hairs, terminal hairs, vellus hairs, and follicle units, the ratio of the terminal to vellus hair,
and anagen to telogen were recorded (Figure 2B).

Statistical Analysis
Quantifiable data was presented as the mean±SD. The parameters of hair density at different scalp sites were evaluated
using an analysis of variance. Statistical analysis was performed to compare the hair density parameters of biopsy and
trichoscopy by using paired Student’s t-test. Statistical significance was determined as p<0.05.

Results
Thirty scalp biopsy specimens were taken from thirty volunteers, including fourteen females and sixteen males. However,
seven subjects showed pathologic manifestations of androgenic alopecia (AGA) (terminal/vellus ratio<35) or telogen
effluvium (TE) (telogen ratio>20%11). Therefore, these patients were excluded from statistical analysis.

Among the twenty-three participants, the average biopsy specimen contained 12.17 follicle units and 27 hairs
comprising 24.26 terminal and 2.74 vellus hairs, a 12.27:1 ratio, with 91.1% anagen and 8.9% telogen hairs. The
mean hair shaft diameter was 68.65±8.00μm, and the mean hair density was 214.97±48.73/cm2.

The data obtained from trichoscopy showed that hair densities varied according to scalp sites, with the highest density
in the vertex region and the highest vellus hair ratio in the frontal region. The follicle unit counts and average hair per
follicle unit were the lowest in the parietal area compared with other areas. The comparison of hair count parameters on
trichoscopy among different scalp regions is demonstrated in Table 1.

Statistical analysis was performed to compare the hair density parameters in the occipital region of biopsy and
trichoscopy by using paired Student’s t-test. The differences in hair count parameters between 4-mm punch biopsy and
trichoscopy of twenty-three volunteers are shown in Table 2. The hair density, mean hair per follicle unit and vellus hair
ratio from 4-mm punch biopsy were 214.97±48.73/cm2, 2.24±0.30, and 10.48±6.43%, higher than those from quantita-
tive trichoscopy analysis (163.07±28.17/cm2, 1.87±0.25 and 6.60±3.95%). The hair shaft diameter and terminal hair shaft
diameter of the biopsy were 68.65±8.00μm and 73.77±6.74μm, less than those of trichoscopy (74.52±8.02μm and 77.87
±7.53μm). The differences were statistically significant (p<0.05).

Discussion
Headington introduced horizontal sectioning of scalp biopsy specimens in 1984,12 and even with a small 4-mm punch
biopsy, this method can help trichologists count the number of all follicles in the specimen accurately. However, the
application of scalp biopsy is limited due to related pain and scars in clinical practice. With the emergence of
dermatoscopy and advances in machine learning and deep learning, quantitative trichoscopy analysis, a form of video
dermoscopy combined with an image analysis system, can provide information about hair density and hair diameter, and
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is used more and more widely in diagnosing hair loss diseases. It has the great potential to replace scalp biopsy and
pathologic examination in some areas because of its noninvasiveness.

This study conducted hair imaging and measurements in frontal, vertex, parietal and occipital scalp regions. The
results showed hair densities vary in specific sites, and the density in the vertex was the highest, following the previous

Figure 2 Measurement method of histopathological sections. (A) Hair shaft diameter is measured by the mouse pointing and dragging vertically from one edge of the hair
shaft to the other edge at the viewing platform (NDP.Viewer 2). The hair shafts missing in this section can be found and measured in the corresponding serial sections. (B)
A diagram is made to record hair shaft diameter and the stage of the hair cycle. A: terminal anagen hair. a: vellus anagen hair. T: terminal catagen or telogen hair. t: vellus
catagen or telogen hair.
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study.3,4,13–16 The hair density, vellus ratio, and hair shaft diameter in the occipital region were 163.07±28.17/ cm2, 6.60
±3.95%, and 74.52±8.02μm.

A biopsy was performed on each volunteer to compare the difference between trichoscopy and histopathologic
examination. Due to related pain and potential scars, it is hard for volunteers to accept multiple-spot biopsies. Hence,
biopsies were only performed in occipital regions. Excluding the seven suspected AGA or TE patients, the mean number
of hairs was 27.00±6.12 in a 4-mm punch biopsy specimen. The mean hair density, vellus ratio, and hair shaft diameter in
the occipital region were 214.97±48.73/cm2, 10.48±6.43%, and 68.65±8.00μm. It is widely accepted that the occipital
region of the scalp is an unaffected area of AGA, and in a previous study, the occiputs of AGA cases were used to
determine reference data for normal scalp.6 However, Khunkhet17 recently found that AGA can involve the occipital area
of male patients. We also found that some volunteers whose hair parameter data were excluded from analysis showed
pathologic features of AGA in occipital areas, which was in accordance with Khunkhet’s finding, indicating that occipital
area may be involved by AGA even in an early stage. So, in this study, the data from healthy Chinese volunteers without
hair loss diseases can be made as a reference in the Chinese population.

We compared the hair count parameters of the occipital region from quantitative trichoscopy analysis and 4-mm
punch biopsy using paired t-test. The hair density, average follicles per unit, and vellus ratio from the biopsy were higher
than those from quantitative trichoscopy analysis. The reason for these differences may be that the quantitative
trichoscopy analysis system cannot recognize all grey or vellus hair2 and sheltered hairs, despite having done manual
correction. In addition, all the follicles in a specimen can be taken into count in serial horizontal sections, while only
follicles with hair shafts can be identified from trichoscopy analysis, which means some telogen follicles without a hair
shaft would be ignored. In this study, the hairs recognized by the software were categorized into six different thickness
groups, then the software estimated the average hair shaft diameter. So, this estimation instead of direct measurement
may cause a higher mean hair shaft diameter from trichoscopy analysis.

Manual correction is vital to obtain accurate data because the software’s ability to recognize the thin hairs or grey
hairs is limited. With the development of artificial intelligence, the machine learning algorithm may reduce manual
assistance and improve accuracy.18

Table 1 Hair Counts from Quantitative Trichoscopic Analysis in Different Scalp Regions of 23 Normal Volunteers

Hairs (/cm2) Terminal
Hair Ratio
(%)

Vellus Hair
Ratio (%)

Hair Shaft
Diameter
(mm)

Single hair Follicle
Unit ratio (%)

Follicle Units
(/cm2)

Hairs Per
Follicle Unit

Frontal 131.40±28.69 79.27±8.85 20.73±8.85 0.060±0.010 63.45±14.83 99.53±14.74 1.41±0. 21

Vertex 179.64±33.70 93.84±4.40 6.16±4.40 0.076±0.010 33.38±9.95 102.77±16.60 1.89±0.20
Parietal 94.54±17.43 91.61±4.72 8.39±4.72 0.075±0.010 51.26±11.93 67.78±9.75 1.57±0.17

Occipital 163.07±28.17 93.46±3.95 6.60±3.95 0.075±0.008 33.77±12.78 94.05±13.04 1.87±0.25

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 2 Comparison of Hair Count Parameters in the Occipital Region Between 4-mm Punch Biopsy Specimens and
Quantitative Trichoscopic Analysis

4-mm Punch Biopsy Trichoscopy p

Hairs (/cm2) 214.97±48.73 163.07±28.17 0.000

Follicle units (/cm2) 96.93±20.32 94.05±13.04 0.395
Hairs per follicle unit 2.24±0.30 1.87±0.25 0.000

Hair shaft diameter (μm) 68.65±8.00 74.52±8.02 0.003

Terminal hair shaft diameter (μm) 73.77±6.74 77.87±7.53 0.010
Vellus hair ratio (%) 10.48±6.43 6.60±3.95 0.008
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Quantitative trichoscopic analysis is a non-invasive, uncomplicated, easily reproducible, and less time-consuming
method to measure hair density, suitable for follow-up and large sample studies. However, the data of trichoscopy from
different studies vary, which may be affected by many other factors in addition to population or device differences. Chen3

reported the average occipital hair shaft diameter and single hair follicle unit ratio of 35 normal Chinese females from
quantitative trichoscopic analysis were 68.34±7.70μm and 13.47±8.74%, which were slightly lower than this study
(74.52±8.02μm and 33.77±12.78%). However, the occipital vellus hair ratio reported by Chen3 was 8.88±4.23%, higher
than 6.60±3.95% in this study. The distinction may be caused by different magnification and count modes. The 50-fold
magnification used by Chen3 made more thin hairs be recognized, leading to a higher vellus hair ratio and lower single
hair follicle unit ratio, and average hair shaft diameter. In addition to the differences in the trichoscopic equipment and
analysis software, whether cutting hairs may explain such variety. Both Birnbaum2 and Lossouarn15 reported the hair
density in the vertex area (226 ± 20 VS 248±51/cm2) and occipital area (214 ± 28 VS 224±43/cm2) of Caucasians in the
USA. They used different trichoscopic devices and analysis programs. In Lossouarn15ʹs research, the hairs in the
examination sites were shaved before trichoscopic examination, while the hairs were not shaved in Birnbaum2ʹs study.
Long hairs may lead to underestimated hair count owing to shielding.

In this study, we selected thirty participants without hair loss diseases by taking history and trichoscopic examination
according to current criteria. However, seven participants showed pathologic manifestations of AGA or TE. In the subsequent
follow-up, corresponding clinical manifestations were shown in the suspected TE patient, which means histopathologic
examination can identify catagen or telogen follicles to early diagnose diseases of the hair cycle. Catagen or telogen follicles
cannot be identified by a single trichoscopic examination, and instead require continuous, dynamic observation.

Accurate data though the histopathologic examination may provide, invasiveness limits the application, and it is hard
to conduct a large sample study based on biopsy. In addition, there should be experienced trichologists or pathologists
who have been trained professionally and are familiar with hair pathology, which is a factor that potentially increases the
difficulty of popularizing this method.

The limitation of this study is its relatively small sample size. And biopsy was only performed in the occipital region,
so the results may not represent other scalp areas. Further studies with large sample size and evaluation of other scalp
areas are needed.

Conclusion
This study established the reference of hair density from quantitative trichoscopy analysis and 4mm punch biopsy
horizontal section in the Chinese population. Both trichoscopy and pathological examination have their advantages and
disadvantages, and the data obtained from these two ways are different to some extent, which cannot be substituted
entirely for each other.

Disclosure
The authors report no conflicts of interest in this work.
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