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We took biopsies from similar sites on the scalps of normal
controls, normal looking and hair loss areas of patients with
alopecia areata. The specimens were sectioned serially and
horizontally. We measured morphological parameters, such
as the diameter of the hair shaft, the thickness of the inner
root sheath, the diameter of the outer root sheath, the irregu-
larity of the outer root sheath and the ratio between the dia-
meters of the hair shaft and the outer root sheath, using a
computerized image analysis system. There were signi¢cant
di¡erences in 5 parameters between hair loss areas and nor-
mal controls. The proportions of vellus and telogen hair were
signi¢cantly higher in the areata areas than in the controls.
The 5 morphological parameters and most quantitative-mea-
sured parameters of normal-looking areas from patients with
alopecia values intermediate between the other groups. Key
words: alopecia areata; transverse section image analysis.
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The horizontal sections of scalp biopsies in alopecia areata
(AA) provide more diagnostic and suitable information for
the quantitative and morphometric analysis of follicular struc-
tures than do vertical sections (1 ^ 5). Conventional vertical
sections of cylindrical punch biopsy specimens disclosed only
about 10 ^ 15% of the follicles in the tissue sample (1 ^ 3). Diag-
nostic morphological features of AA included a signi¢cantly
decreased terminal hair, increased follicular stelae, decreased
anagen, increased telogen, often increased catagen hairs, and
increased vellus hairs (6). Any histological study requiring
accurate vellus hair counts and terminal:vellus hair ratio
requires the use of transverse sections (1, 3). Quantitative
assessment of hair or hair follicle morphology using image
analysis is particularly valuable for the diagnosis and disease
progress of the hair disorder including AA (7 ^ 8). In this study,
we applied image analysis to obtain detailed morphological
and quantitative parameters of the hair follicles, using horizon-
tally sectioned scalp biopsies from normal controls and AA
patients.

MATERIAL AND METHODS

Biopsies were taken from the scalps of 3 groups with a 6 mm disposable
punch: the scalps of 12 healthy subjects (6 men and 6 women; aged 7 ^ 65
years, mean 25.7 years), the hair loss area of 46 subjects (28 men and 18
women; aged 6 to 75 years,mean 28.2 years)withAA (LAA) and the nor-
mal scalp area of 23 subjects (11 men and 12 women; aged 7 to 66 years,
mean 27.3 years) from an AA patient group (NAA). In the NAA patient
group, a biopsy was taken from the lesion and surrounding normal-hair
bearing non-lesional skin of the same patients. The duration of lesions in
alopecia areata patients group ranged from 2 weeks to 3 months. Speci-

menswere sectioned into2 segments1 mmfromthe junctionof thedermis
and subcutis. Each segment was then embedded in para¤n, the segment
was sectioned serially and horizontally by microtome (5 ^ 7 mm) in the
direction of the upper dermis (superior segment) and lower dermis (infer-
ior segment).Each slide contained3 ^ 4 sections, all atdi¡erent levels from
within the specimen.Thisallowedus toexamine thehairs fromthe isthmus
to the bulbar portion and therebydi¡erentiate vellus, catagen and telogen
hair.Weused theH&Eand toluidine blue stain for all sections and one of
the authors (HY Jo) searched for hair from the isthmus to the bulbar
portion of terminal hair. We analysed 1,528 hair follicular structures
(18 ^ 20 structures for each specimen) in 3 groups. To reduce measure-
ment errors, the morphological parameters were measured repeatedly
on the same specimens by 2 of us (CH Oh,
HY Jo).

Measurement of the morphological parameters using image analysis
(Table I)

We examined the level of scalp hair follicle stems following the above
preparations for transverse section of the dermis and subcutis under
406 power light microscope (Olympus Inc, BHS-313w). The images
were continuously monitored by video camera (Pualani TM440) and
displayed on a RGB monitor (Sony Inc, PVM 1342Q). The analogue
video signals were digitized and analysed with an image analysis sys-
tem (AIC Co, Ca). Linear measurements were obtained using theVideo
Trace mode. We calculated the 5 morphological parameters (Fig. 1)
using the given equation (9). Statistical analysis was performed with
NCSS (Number Cruncher Statistical System).

Quantitative measurements under light microscope (H&E stain, 640)

The following quantitative parameters were measured in the whole
area of the horizontal section under light microscope (Fig. 1).

1. The number of hair structures per unit area (mm2) and telogen
germinal unit, which contains a central island of basaloid cells with
peripheral palisading of the nuclei.

2. The percentage of terminal hair, vellus hair, anagen hair, catagen
hair, telogen hair and follicular stelae, comprising condensed
perifolliculum with blood vessels.

Fig. 1. The 5 morphological parameters: TIRS, thickness of inner
root sheath; TORS, thickness of outer root sheath; DHS, diameter of
hair shaft; DORS, diameter of outer root sheath; IORS, irregularity
of outer root sheath (perimeter3=area2); DORS/DHS ratio; A, area
of hair shaft transects; D, diameter. D~2(A/p)1/2:
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3. The ratio of terminal hair : vellus hair (T :V ratio) and anagen
hair : terminal hair (A :T ratio).

RESULTS

The results of measurements of the morphological parameters
using the image analysis system are shown in Table II and the
results from qualitative measurement under light microscope
in Table I. There were no signi¢cant di¡erences between men
and women in the above measurements.

DISCUSSION

In the LAA group, the diameter of the hair shaft (DHS) and
the diameter of inner (DIRS) and outer root sheath DORS
were decreased. Our measurement of the DHS of the LAA
group was smaller than the control group (2.57 times larger
than the LAA group) or NAA group (1.57 times larger than
the LAA group). This result re£ects that proportion of term-
inal hair in the control group which is larger than in the AA
groups (LAA and NAA), while the proportion of vellus hair
in the AA group is larger than in the control group. Thus we

consider DHS and DORS as useful parameters for di¡erentiat-
ing between the AA patient groups and the control group. The
DORS :DHS ratio was increased in the AA groups, it was lar-
gest in the LAA group and it was decreased in the NAA and
control group in descending order. These results re£ect that
the DHS decreased more than the DORS in the AA group.
The irregularity of outer root sheath (IORS) was largest in
the LAA group and was decreased in the NAA and control
groups in descending order. This was shown by the increased
proportions of telogen hair in the hair loss area of the AA
group.The thickness of the inner root sheath (TIRS) was larger
in the control group than in the AA patient group, but there
was no di¡erence in TIRS between the NAA and LAA groups.
Our study demonstrates that most of the 5 morphological
parameters were statistically signi¢cant in di¡erence through
each pair of the 3 groups except TIRS. AA is a rapid and lar-
gely in£ammatory process causing miniaturization of the hair
follicles (5, 10). There is a progressive replacement or loss of
coarse terminal hairs normally covering the scalp by ¢ne short
vellus hairs (11). The size of hair follicles decreased signi¢-
cantly in the AA scalp biopsies, similarly to a previous report
on androgenetic alopecia (8). In our results, the DHS, TIRS
and DORS of the AA groups (NAA and LAA) were signi¢cant
smaller than in the control group. But the DORS :DHS ratio
and the IORS in the AA group were signi¢cantly larger than in
the control group.
This study raised the question about the de¢nition of vellus

hair by Headington (1). Headington's de¢nition of vellus hair
(that the cross-sectional diameter of vellus hair shaft is 30 mm
or less thicker than TIOR) was inconsistent with our result.
The amount of vellus hair which corroborated Headington's
de¢nition was only 23.75% in our study. However, the amount
of vellus hair with thicker DHS than TIRS and a diameter of
less than 0.03 mm was 76.25%. Our study shows quite di¡erent
results from Headington's de¢nition. In the pathological pro-
cess of AA, the diameter of the hair shaft decreases to minia-
turized hair and leads to vellus hair formation. So we might
consider vellus hairs with a diameter of less than 0.03 mm
and greater than the associated inner root sheath as a possible
explanation.
In quantitative measurements under light microscope, our

study also indicates that the number of anagen hairs and the
T :V ratio were decreased and the number of catagen, telogen
and vellus hair were increased in the AA patient group. The
proportion of anagen hair in total hair was 96.74% in the con-
trol group, 77.24% in the NAA group and 49.98% in the LAA

Table I. Comparisons of quantitative measurement under light
microscopy in each group per mm2 (mean¡ SE)

LAA NAA NC

No. of hairs/mm2 3.3¡0.5 3.2¡0.6 3.0¡0.4
Terminal (%)
Anagen 17.2¡1.1 70.0¡0.4 96.0¡0.1
Catagen 14.6¡1.3 4.4¡1.7 0.3¡3.5
Telogen 18.1¡1.2 2.9¡1.7 0.4¡3.5
Total 50.0 77.2 96.7

Vellus (%)
Anagen 15.6¡1.4 11.3¡1.5 0.4¡2.3
Catagen 11.4¡1.3 2.9¡1.8 0.3¡3.5
Telogen 11.6¡1.0 4.2¡1.4 1.4¡3.5
Total 38.6 18.5 2.2

Terminal : vellus ratio 1.3 : 1 4.2 : 1 44.5 : 1
Anagen : telogen ratio 1.1 : 1 11.4 : 1 32 : 1
Follicular stelae (%) 11.2¡1.3 4.3¡2.2 0.7¡2.4
Telogen germinal unit 6.9 6.8 0

Most data were converted by hair structure per mm2:

LAA, lesion site of alopecia areata; NAA, normal site of alopecia
areata; NC, normal control.

Table II. Comparisons of the morphological data for the hair structures using image analysis (mean¡SE)

LAA (hair loss in NAA (normal Controls p value v0.0001 (ANOVA)
alopecia) alopecia areata)

Diameter of hair shaft (DHS) 44.0¡2.6 61.5¡3.1 112.9¡3.3 LAA vs. controls (v0.001)
Thickness of inner root sheath (TIRS) 17.0¡0.6 16.3¡0.6 20.2¡0.8 LAA vs. controls (v0.01)

NAA vs. controls (NS)
Diameter of outer root sheath (DORS) 180.6¡5.9 225.2¡9.3 266.7¡9.5 LAA vs. controls (v0.001)

LAA vs. NAA (v0.001)
DORS/DHS 5.7¡0.3 4.5¡0.2 2.6¡0.1 LAA vs. controls (v0.0001)
Irregularity of outer root sheath (IORS) 2.1¡2.4 0.7¡1.3 0.3¡0.3 LAA vs. controls (v0.01)

LAA vs. NAA (v0.01)

* Prob wF: DHS, DORS, IROS, DORS and DORS/DHS ratio.
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group. The proportion of vellus hairs in total hair was 2.17% in
the control group, 18.46% in the NAA group and 38.61% in the
LAA group. This data was similar to the results of previous
studies (4 ^ 5). The A :T ratio was 32 : 1 in the control group,
11.4 : 1 in the NAA group and 1.14 : 1 in the LAA group. This
is presumably caused by short anagen cycles of the miniatur-
ized hairs in AA with a resulting increase in the frequency of
telogen hair (5). Our result, which shows a relatively higher
T :V ratio for the normal group than in other reports, is due
to di¡erences in the level of horizontal sections, including a
deeper lower dermis with mainly anagen hairs which contained
only a small number of vellus hair. We studied the horizontal
sections through the lower segment of the follicle (lower
dermis) but other reports were done through the isthmus
portion (4).
Measurements of the density of hair follicles did not showed

a signi¢cant (pw0.01) di¡erence between normal (control,
3.03¡0.37 mm2) and AA scalp biopsies (LAA-
3.29¡0.45 mm2, NAA-3.21¡0.61 mm2). Whiting (12) insists
that in AA a concentration of 1 or less follicular structures
per mm2 is likely to be inadequate for signi¢cant regrowth of
hair at some future time. We also studied the follicular stelae
separately, because it was di¤cult to di¡erentiate the catagen
hair from telogen hair. Follicular stelae were found at 11.21%
in the LAA group and 0.72% in control group. The telogen
germinal unit is the resting or end-stage telogen follicle, which
is considered to be an early ¢nding of AA. It was not seen in the
NC group but best seen on the horizontal section of AA patient
group (4). In our study, it was increased in the alopecia areata
group (LAA 6.94%, NAA 6.78%). Because the major di¡er-
ences in most parameters in the NAA group showed a value
intermediate between the LAA and control group, the quanti-
tative and morphometric data of normal scalp in AA patients
(NAA group) may be useful to predict the prognosis of advan-
cing AA (13).
Image analysis with horizontal sections is a simple technique

and much faster to perform than linear measurements and can
therefore be used to quantify rapidly the severity and extent of

AA. It also may represent a method of quantifying the e¡ec-
tiveness of hair growth promoters in clinical trials.
In conclusion, our study indicates that image analysis is a

useful tool to quantify and morphologically evaluate hair folli-
cular structures in horizontal sections of AA.
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