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Abstract

A human hair shaft consists of cuticles, cortice, and a medulla. A cortex occupies most of a hair shaft and is com-

posed of macrofibrils. Furthermore, a macrofibril is composed of microfibrils and matrix proteins. These microscop-

ic structures of a cortex are considered to be related to a degree of macroscopic curl of hair. In case of human

hairs, degrees of curl have racial and individual variations. Naturally curly hairs often cause distress to those who

want their hair to be straight, and besides, they cannot be straightened unless they are treated by straight perming.

Therefore, it is required to improve techniques of straight perming with a well-founded knowledge of the mechanism

of curly hair structure. In this study, we performed small-angle X-ray scattering (SAXS) analysis of cross sections

of naturally straight and curly hairs, and investigated di#erences in inner structures between naturally straight and

curly hairs, as well as straight perming e#ects on inner structures of naturally curly hairs. SAXS experiments were

performed at SPring-8 (Japan Synchrotron Radiation Research Institute). Transmission electron microscopy

(TEM) observations were also carried out to investigate microstructures of hairs. The SAXS experimental results

showed that the microfibrils of naturally curly hair are anisotropically aligned, whereas those of naturally straight

hair are isotropically aligned. These results suggested that (1) cross-sectional alignments of the microfibril struc-

tures are di#erent between naturally straight and curly hairs and (2) the alignment of straight-permed curly hair is

close to that of naturally straight hair. Therefore, the alignment of microfibrils seems to be a key factor in macroscop-

ic hair straightening.
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1. Objectives

A single hair shaft consists of cuticles, cortices and a

medulla. A cortex occupies most of a hair shaft and is

composed of macrofibrils. Furthermore, a macrofibril is

composed of microfibrils and matrix proteins. These micro-

scopic structures of a cortex are considered to be related to

a degree of macroscopic curl of hair. For example, crimps

of a wool hair are associated with bilateral structures of

orthocortices and paracortices1). In case of human hairs,

degrees of curl have racial and individual variations. Nat-

urally curly hairs often cause distress to those who want

their hair to be straight, and besides, they cannot be

straightened unless they are treated by straight perming.

Therefore, it is required to improve techniques for straight

perming with a well-founded knowledge of the mechanism

of curly hair structure. However, little is known about an

e#ect of straight perming on the cortex structure of a

naturally curly hair, because most studies have focused on

a mechanism underlying the morphology of a naturally

curly hair. One result concerning the morphology of a

naturally curly hair has shown that a curliness of hair is due

to an asymmetric di#erentiation of a hair follicle2).

X-ray structural analyses have an advantage for

determining detailed structures at nanometer scales, and it

is nondestructive compared with a scanning electron mi-

croscopy (SEM) and a transmission electron microscopy

(TEM), which requires a complex preparation process of

specimens before observation. In general, hairs had been

observed from the right angle to the growth direction by

X-ray structural analyses. Wide-angle X-ray scattering

(WAXS) experiment results detected a longitudinal

randomization of keratins in cortices by straight perming3).

In addition, it had been proposed that an alignment of

microfibrils in naturally curly hair di#ers between inner and

outer sides of curvatures by small-angle X-ray scattering

(SAXS)4). Although a microstructure of hair has been

investigated well observed from the right angle to the

growth direction, it could be possible to obtain further

structural information from a di#erent observing direction.
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