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BACKGROUND The common grading systems for female pattern hair loss (FPHL), such as Ludwig and Savin
scales, are subjective to visual inspection. To provide a more objective evaluation of baldness, the authors
have developed a method to calculate baldness quantitatively through a computer-aided imaging system
(CAIS).

OBJECTIVE To investigate the use of CAIS on Chinese women with FPHL.

MATERIALS ANDMETHODS Thirty-eight Chinese women with FPHL (Savin Scale I-2 to II-2) were recruited. A
total of 215 photographs were taken. The central balding areas (CBAs) were calculated after exposure cor-
rection by CAIS for comparison with clinical staging.

RESULTS The average CBA was 9,391.12 mm2 in all patients, 3,828.84 mm2 in Type I-2, 5,880.38 mm2 in I-3,
8,267.44 mm2 in I-4, 12,999.26 mm2 in II-1, and 15,979.71 mm2 in II-2. The values of CBA correlated with clinical
staging using Savin scales. A 7.53% difference was found in the calculated CBA by exposure correction.

CONCLUSION The CAIS allows physicians to evaluate the severity of baldness more accurately through
quantitative calculation, rather than qualitative visual observation. The values of the CBA measured by the
CAIS, used in conjunction with the present grading systems, may be more precise and efficient to evaluate the
severity of FPHL.
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Female pattern hair loss (FPHL) is common among
women who have hair loss.1,2 Unlike male pattern

hair loss (MPHL), FPHL is characterized by
progressive thinning of hair in the central scalp with
preserved frontal hair line.3 Several clinical grading
systems, including the Ludwig and Savin scales, are
based on the area of baldness.4,5 Because these
conventional grading systems are mostly evaluated
through qualitative visual inspection of the central
balding area (CBA), variation may occur among
different physicians and even in the same physician
during the follow-up periods. Such problem can be
solved by combining digital photography with
computer-aided imaging system (CAIS), a powerful
tool that can enhance communication between
physicians and patients. It is beneficial to maintaining

accurate records, for educating patients, and creating
illustrations for publications and presentations for
scientific use.6

For this reason, the authors conducted this study to
quantitatively evaluate the CBA in Chinese women
with FPHL using this CAIS.

Materials and Methods

Subjects

Thirthy-eight healthy Chinese women aged 20 to 50
with FPHL were recruited from files of the authors’
outpatient clinic. The clinical staging of baldness among
subjects ranged from Savin Scale I-2 to II-2 (Table 1).
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Methods

Standard photographs with a 45� frontal view at fixed
distance were taken for each patient, with the hair
parted centrally. Photographs were taken with
a Nikon D700 (Nikon Corporation, Tokyo, Japan)
with the default settings: aperture F-22, shutter speed
1/6,400 seconds, ISO 200, automatic white-balance,
300 dots-per-inch, and 3,008 · 2,000 resolution. The
camera flashlight was fully charged before taking each
photograph. A total of 215 photographs were taken.
The CBAs of each photograph, both before and after
exposure correction, were calculated with computer
software developed by one of the authors (P.-K.H).7

With this computer software, areas of the scalp with
sparse hair density were delineated on the image and
distinguished from areas with normal hair density
(Figure 1). The value of baldness was calculated using
pixels from image. Based on this setting, each pixel of

the image represents approximately 0.05 mm2 of the
actual scalp area. The details of complicated mathe-
matical formula will not be described here.7 Figure 1
shows the area of baldness calculated by the CAIS.

Statistical Analysis

To analyze the observed variance of each Savin scale,
analysis of variance were performed, followed by the
Tukey range test, which compared the bald areas in
patients with a different Savin scale.

Result

Exposure correction resulted in 7.53%
(jCBAcorrected2CBAoriginalj=CBAcorrected; n = 38) dif-
ference in the CBAs that were calculated. All data of
calculated balding area are shown in Table 1. The
average CBA was 9,391.12 mm2 in all patients,
3,828.84 mm2 in Type I-2, 5,880.38 mm2 in I-3,

TABLE 1. Staging and Area of Baldness

Savin Scale I-2 I-3 I-4 II-1 II-2 Total

Patients 9 14 9 3 3 38

Photographs 47 78 55 16 19 215

CBA, mm2 2,938.469–4,941.432 4,104.691–8,000 6,693.136–11,200 10,473.88–15,894.12 14,323.36–17,758.02

MA, mm2 3,828.837 5,880.382 8,267.435 12,999.26 15,979.71

MA, mean area.

Figure 1. Upper, corrected images of FPHL subjects with different Savin scales. Lower, CBA detected and calculated. The

values are showed in bottom boxes.
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8,267.44 mm2 in I-4, 12,999.26 mm2 in II-1, and
15,979.71 mm2 in II-2. The values of CBA correlated
with thoseofSavin scales, clinically.All variancebetween
Savin scales were also statistically significant (p < .05).

Discussion

Most of the present imaging systems are used for dis-
ease diagnosis, i.e., detecting abnormal cells, tissue
structure, or neogrowth. The imaging systems applied
in dermatology, which were developed and used for
early detection of melanoma, can be traced back to
2003.8–10 Some imaging systems are used for the
delineation of tumors and follow-up of treatment.11 A
good review article of computer-aided diagnostic
support systems for skin cancer was published by
Masood and Al-Jumaily in 2013.12 With regards to
pattern hair loss, trichoscopy, trichoscan, and tricho-
photogram are also used for diagnosis through images
of individual hair in terms of hair diameter, hair den-
sity, and characteristics of hair shaft. However, there
are no existing imaging systems for the grading of
FPHL based on quantitative measurement of the
balding area.

Grading systems for FPHL, such as Ludwig and Savin
scales, are widely used, clinically.4,5 Although conve-
nient, these grading systems may cause discrepancies
between physicians, resulting in slight variations in
communication. Recently, Lee proposed a new clas-
sification system called BASP, which describes more
specific patterns of baldness in bothMPHLandFPHL,
with a combination of basic and specific types of
baldness. The basic type represents the shape of ante-
rior hair line which is divided into four types: L, M, C
and U. The specific type represents the degree of
thinning (hair density) of specific areas which is divided
into two types: F and V. Each type is subdivided into 3
or 4 subtypes. The final type is determined by the
combination of the basic and specific type such as
M2V1.13 Although the BASP classification provides
amore accurate staging of pattern hair loss, it is still not
commonly used, clinically, because of its relative com-
plexity compared to other grading systems.

Because of the qualitative nature of grading systems
for FPHL, the authors tried to find a more objective

method to evaluate the severity of baldness. Before this
study, there had been no existing image system used
for staging andmeasurement of balding area in pattern
hair loss. A CAIS was developed initially by the
authors to measure the width of central baldness to
present the extent of baldness, clinically.7 From the
initial study, the authors conducted the present study
to calculate the actual area, rather than the width, of
central baldness in Chinese women with FPHL to
further examine the relationship between CBA and
clinical grading of Savin scale. This system is the first
attempt to use digital analysis on clinical photographs
to calculate the balding area of the central scalp in
patients with FPHL. The results of this preliminary
study are promising.

From the results, the values of CBA correlated with
Savin scales, clinically. All variance between Savin
scales were statistically significant (p < .05). The
average CBAs were 5,992.21 mm2 and 14,489.49
mm2 in Savin Scale I and II, which were also statisti-
cally significant (p < .05), and estimated to be equiv-
alent to one fourth and half the area of the top scalp,
respectively.14 From the study, it has become possible
to calculate the total CBA quantitatively in FPHL by
the CAIS. Values of the total balding area, which were
recordedby theCAIS,may further facilitate physicians
to evaluate their patients with FPHL, more objectively
in terms of clinical grading and the follow-up of
treatment.

The CAIS may become a powerful tool that can assist
the present grading systems such as Ludwig and Savin
scales. However, some technical problems must be
overcome before this system can be widely applied
clinically. Before the measurement of balding area,
exposure correctionmust be performed toprevent bias
from different photographic conditions. In this study,
there is a 7.53% difference in CBA. By placing an
object of known dimension, such as a piece of metal or
ruler, on the forehead mount that maintains the
patient’s position during global photography, the
actual balding area (CBA) can be calculated by ana-
lyzing image distortion of the reference object in the
photograph by extrapolation. Refining the procedures
for the CAIS are currently under study in the authors’
department. Athough the authors’ study was based on
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Chinese women with black hair, further studies need
to be conducted to evaluate the suitability of the CAIS
for patients of other race and hair color.

In conclusion, the study introduces an imaging system
(CAIS) for clinical evaluation of FPHL. The authors
hope this system can also be applied to other diseases
of hair loss such as MPHL, alopecia areata, telogen
effluvium, and scarring alopecia. It can also be used to
evaluate other skin diseases, such as melasma and
vitiligo, by capturing and measuring areas of the skin
that are affected. The authors will also extend their
study to other fields and races. The authors hope that
this study could attract attention toward the use of
imaging for evaluating hair loss and other skin dis-
orders and lead to the development of more refined
and reliable imaging systems in the dermatologic field.

References

1. Olsen EA. Female pattern hair loss. J Am Acad Dermatol 2001;45(3
suppl l):S70–80.

2. Shapiro J. Clinical practice. Hair loss in women. N Engl J Med 2007:
357:1620–30.

3. Olsen EA. Current and novel methods for assessing efficacy of hair
growth promoters in pattern hair loss. J Am Acad Dermatol 2003;48:
253–62.

4. Ludwig E. Classification of the types of androgenetic alopecia
(common baldness) occurring in the female sex. Br J Dermatol 1977;
97:247–54.

5. Savin R. A method for visually describing and quantitating hair loss in
male pattern baldness (abstract). J Invest Dermatol 1992;98:604.

6. Ratner D, et al. The uses of digital photography in dermatology. J Am
Acad Dermatol 1999;41:749–56.

7. Hung PK, Chu TW, Tsai RY, Kung CW, et al. Quantitative assessment
for female pattern hair loss. Dermatol Sin 2015;33:142–5.

8. Oliveria SA, Sachs D, Belasco KT, Halpern AC. Adoption of new
technologies for early detection of melanoma in dermatologic practice. J
Am Acad Dermatol 2003;49:955–9.

9. Geller AC, Swetter SM, Brooks K, Demierre MF, et al. Screening, early
detection, and trends for melanoma: current status (2000-2006) and
future directions. J Am Acad Dermatol 2007;57:555–572; quiz 573–56.

10. Mayer JE, Swetter SM, Fu T, Geller AC. Screening, early detection,
education, and trends for melanoma: current status (2007-2013) and
future directions: part II. Screening, education, and future directions. J
Am Acad Dermatol 2014;71:611.e611–611.e610; quiz 621–12.

11. Pan Y, Chamberlain AJ, Bailey M, Chong AH, et al. Dermatoscopy aids
in the diagnosis of the solitary red scaly patch or plaque-features
distinguishing superficial basal cell carcinoma, intraepidermal
carcinoma, and psoriasis. J Am Acad Dermatol 2008;59:268–74.

12. Masood A, Al-Jumaily AA. Computer aided diagnostic support system
for skin cancer: a review of techniques and algorithms. Int J Biomed
Imaging 2013;2013:323268.

13. Lee WS, Ro BI, Hong SP, Bak H, et al. A new classification of pattern
hair loss that is universal for men and women: basic and specific (BASP)
classification. J Am Acad Dermatol 2007;57:37–46.

14. Tsai RY, Lee SH, Chan HL. The distribution of follicular units in the
Chinese scalp: implications for reconstruction of natural-appearing
hairlines in Orientals. Dermatol Surg 2002;28:500–3.

Address correspondence and reprint requests to: Ren-Yeu
Tsai, MD, Department of Dermatology and Skin Laser
Center, Taipei Municipal Wan-Fang Hospital, Taipei
Medical University, No. 111, Section 3, Hsing-Long Road,
Taipei 116, Taiwan, or e-mail: b671022@tmu.edu.tw

EVALUAT ION OF FEMALE PATTERN HA IR LOS S

DERMATOLOG IC SURGERY1174

© 2015 by the American Society for Dermatologic Surgery, Inc. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


