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Background/Objective: The conventional approach to evaluate female pattern hair loss (FPHL) is to
visually inspect and score images of balding area (BA). However, visual estimates vary widely among
different physicians, and may hinder objective assessment of hair loss and subsequent treatment
response. For this reason, we propose a quantitative method using a computer-aided imaging system to
help physicians evaluate the severity of FPHL clinically.
Methods: We use a series of digital image processing techniques to measure the width of central balding
area of FPHL. A total of 184 photos were collected form 33 Chinese women with FPHL (stages I-2 to II-2
on the Savin scale). Each photograph underwent standardized exposure correction. The balding areas
were detected through this computer system and then transformed into an equivalent ellipse by prin-
cipal component analysis. The width of ellipse [balding width (BW)] was measured. Spearman's rank
correlation was used to detect the correlation between our measurements and clinical staging.
Results: Exposure correction resulted in a 16.97% (|BWorrected — BWoriginall[BWcorrected) difference in BW.
The average BW was 54.98 mm in all patients, 25.79 mm in type I-2 patients, 37.41 mm in I-3, 54.08 mm
in I-4, 72.10 mm in II-1, and 85.53 mm in II-2. The values of BW were correlated with Savin scale stages
clinically (rpw = 0.967), which was significant statistically (p < 0.05).
Conclusion: A computer-aided imaging system could be a useful tool to assist physicians to evaluate the
balding area more precisely for clinical staging in FPHL. The BW instead of the balding area is simple to
use clinically to represent the severity of FPHL.
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Introduction different physicians in terms of assessment of hair loss and sub-

sequent treatment response. For this reason, we propose a

Female pattern hair loss (FPHL) is a common hair loss disease in
women.! Typical features of FPHL are miniaturizations of hair fol-
licles in the central scalp (vertex, mid, and frontal), bitemporal, and
parietal regions.> Conventional balding scales such as the Ludwig
and Savin scales are used widely for grading FPHL.>~’ However,
estimation by visual inspection may cause variation among
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computer-aided imaging system (CAIS) to help physicians in clin-
ical staging of FPHL. The CAIS includes fixed camera setting,
exposure correction of images, Chan and Vese level-set scheme,
and principal component analysis. Using this system, balding width
(BW) was measured to represent the severity of FPHL, which can be
served as an assistant tool for common grading system used clini-
cally and for follow-up assessment of treatment response.

Methods

The image analysis was performed on 184 photos collected from 33
Chinese women, aged 20—50 years, with FPHL (stages I-2 to II-2 on
the Savin scale). Patients with gray hair or those using a hair dye
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were excluded from this study. Prior to taking photos, each patient
was asked to part her hair centrally. Photos with a 45° frontal view
were taken by Nikon D700 (Nikon Corporation, Tokyo, Japan) with
the following default settings: aperture F-22, shutter speed 1/6400
seconds, ISO 200, automatic white balance, 300 dot-per-inch, and a
resolution of 3008 x 2000. The camera flashlight was charged fully
prior to taking each photo. Two metal mounts were designed to fix
the positions of both camera and participant's forehead, for expo-
sure collection and to maintain consistent position.

Hermite spline, a grayscale transformation scheme and a com-
mon strategy for exposure correction, was used in this study.® This
was achieved by calibrating each photo to a fixed object, which in
our study was the metal piece of the forehead mount on the photo
device.

For exposure correction, the original images with 8-bit grayscale
were changed into intensity images ranged from 0 (black) and 1
(white). In each image, pixels exhibiting the metal piece were
calculated with mean value of intensity (Mp, n =1, 2, 3, ... 184). The
average of all M, values was set as the threshold (M) for the cali-
bration. To achieve interpolation of the Hermite spline, the trans-
form function was defined as follows:

p(t) = hoo(t)po + h1o(t)mo + ho1 (£)p1 + hy1(t)my (1)
hoo = 263 —3t2 +1 (2)
hig=1t3 -2+t (3)
hoy = —2t3 + 3t2 (4)
hy =6 ¢ (5)

where hgg, h10, hot, and hiy are Hermite basis functions and t [0,
1]; pois the starting point (t = 0) with tangent myg, and p; the ending
point (t = 1) with tangent my. Image can be gradually corrected by
adapting different tangents at the starting and ending points. Once
M; and an optimized M, of the corrected image became equal,
exposure correction was completed (Figure 1). In this study, the
default setup of M is 0.07.

After exposure correction, brightness on all images was equal,
and the region of balding area (sparse hair) was delineated auto-
matically by the Chan and Vese level-set scheme. The energy
function of the level-set scheme was defined as follows:

FiF1 = I(x,y) — mym1[>dxdy (6)

inside(C)

FF2 = I(x,y) — mym2|*>dxdy (7)

outside(C)

E(C,mym1,m,m2) = u*length(C) + v*area(inside(C))
+ A *F1F1 + 2,*F,F2 (8)

In these equations, I(x, y) was the grayscale of pixel (x, y). C
represents the evolving contour of the balding area and length (C)
its circumference. F; and F, were used to validate the homogeneity
of pixels within and outside C, where m; and m; were the mean
values of the grayscale of pixels within and outside C, respectively.
The area inside the contour, area [inside (C)], was equal to the
balding area; u, v, A1, and A, were weighting factors. Minimization of
the energy function E resulted in an update of C. Once the minimal E
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Figure 1 Images of Patient #1 and Patient #2 with the same clinical grading (Savin
scale 1-4). (A) Original images. (B) Images after exposure correction.

was computed, an optimal C was determined.”'® In our study, the
default setup parameters for the weighting factors were as follows:
u=0,v=0.01,4 =1and 1, =1.

The irregular contour of the balding area was depicted by the
complex mathematical formula described above. The irregular
contour was then transformed into an equivalent ellipse using
principal component analysis. Principal component analysis was
performed by measuring the covariance of pixels, as follows:

covariance matrix — | €0V COv%Y) (©)
covlx,x) = 1 XPXH;(X “X) x (Xp - X) (10)
Cov(y7y)—n11xpnl(Yp—Y)x(Yp—Y) (11)
cov(x,y) = COV(Y, X) :n11 xlil(x X)X (Y,-Y)  (12)

The center of the balding area (X,Y), also the center of an
equivalent ellipse, was calculated by averaging coordinates of n-
pixels (x, y) in the area. Both eigenvalues and eigenvectors of the
covariance matrix were computed. Once eigenvectors are found,
they were ordered according to eigenvalues, from highest to lowest,
denoting components in order of significance. Using these values
and unit vectors, orientation of the equivalent ellipse can be
determined. Then, the width of the ellipse was measured. The de-
tails of principal component analysis have been described in Jol-
liffe's textbook.!" For convenience in clinical use, the width of the
ellipse was chosen to represent the balding area and it was
measured (Figure 2).

Spearman's rank correlation was performed to detect the cor-
relation between our measurements and clinical staging for all
patients (n = 33).
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