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Tensile study of baman scalp bair in diffuse Alopecia in females
A. B. Gupta, K. G. Ghosh sad B, Haldar

Results of the study on the tensile properties of normal healthy scalp hair 1500 strands)
which were extracted from the occipital region of 50 Bengali-speaking Hindu individuals
clagsified by both sexes and age (0—49 years) were reported earlier by Gupta et al, (1979),
Similar studies with Japanese samples were conducted by Bndo (1933) and Yoshida er al.
(1959).

In this paper we prescat the results of a study undertaken to compare the tensile
properties of human scalp hair of female subjects with diffuse alopecia against those of normal
subjects with no alopecia. Further, atfempt has been made to examine if diffuse alopecia has
any effect on the tensile properties of scalp hair.

Diffuse alopecia refers to loss of scalp hair without inflammation and scarring
Guy ef al. (1960). This is an enigma and too often creates cosmetic problems associated
with mental depression, especially in young adults. Till-to-date, there is no proved therapy
available for diffuse alopecia.

Materials and Method

In otder to avoid variations in tensile properties due to age, sex and race, the study
has been restricted to a small group of Bengali-speaking Hindu adult females aged 20—30 years.
Twenty two female subjects—ten with normal hair and twelve suffering from diffuse alopecia—
have participated in the study. However, the subjects with diffuse alopecia have been otherwise
physically healthy without any obvious pathological signs in scalp skin save gradual thinning
of hairs. The mean age of the (1) normal and (1I) a-normal categories of females are 23.90+
2.28 and 25.25 + 3.05 years respectively. The test ials are d hair strands from
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the occipital region of all the subjects, !0 from each ; the number of hair specimens available
for study are thus 220. The selected strands are all microscopically intact. They are made
grease-free by treatment with soap solution and dried in air.

The testing machine used in the study is a single-thread KMI Tensile Tester, Model 1.1 E.
Itisa p driven machine of wall ingtype operating rate of iraverse principla
the bottom grip being counter-balanced for an easy return to the starting position with a slight
push.  Its capacity is 0—1 kgf with an accuracy of + Iper cent. Other specifications are : (i)
traverse speed = 30 cm/min., (ii) specimen length = adjustable between S—60 cms , (iii) least
count of the elongation scale = 0.1 cm., (iv) power lupply = smgle plme 230 volts, 50
cycles A. C. The instrument is provided with an

The cross-sectional area of each hair sirand is calculated by measuring the diameter of
the huir shaft with an ocular microscope (8 x 10) fitted with a micrometer scale, 1 division of
which represents 14.89 ».  For hairs with elliptic cross-scctions, the average of the major and
minor axes is taken as the effective diameler.

The specimens 10—15 ¢cm. long are placed lengthwise, one after the other, into the
two vertical grips of the machine, the original length of the specimen being the distance bet-
ween the grips. By an clectric motor the sp is hed at a rate of 30 cm/min,
continuously until it breaks. The elongation at break is noted from ihe final positions of the
grips and the corresponding load is observed from the load-recorder.

Results

The tensile properties selected for the comparative study are the ultimate tensile stren-
gth (UTS) and the ultimate percentage elongation (UPE). These are defined us under.
UTS = The stretching load required to break the specimenfthe cross-section of the

specinen.
UPE = the elongation of the specimen at break x 100fthe original length of the

specimen.
The observational data are presented in Tabel 1

Statistical Apalysis
UTS data: For the subjects of category ], we have ny =10 and z(x,—)Tl )=69.81.

Similarly, for the subjects of category I, we have ny =12 and 3(xy — = 36.32.
So. # oo WTHE () 98143632 _ oo
T — 10+12=2

Thus, s = 230
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We proceed with the hypothesis that diffuse alopecia does not exercise any effect on
UTS-values. Now,

mtn, 2.30 77 =39

(= n=m [ 16831297 g
s
The table value of t for 20 degrees of freedom at 1% level of significance is 2.84.
Hence the calculated value happens to be much greater than the table value. Our hypothesis
is thus not true and therc is no reason to acceptit. We conclude, therefore, that diffuse
alopecia does exert a significant effect on the ultimate tensile strength of scalp hair (occipital).
UPE data : Here, we have

Bea=x) + 3—x) _ 10949 + 169.98

¢ - =
d & + 2 To+r—2 -8
So:ts = 435
We proceed again with the second hypothesis that diffuse alopecia does not exercise
any effect on the ultil p ge elongation and calculated the t value,
X — % 0.19—34.40 / T30
te 2% fan 40 w oy
s Jn,+n, 433 2 e

Since the calculated va ue of t with 20 degrees of feedom is again grsater rhan the
Bable value at 1% level of significance, we conclude that diffuse alopecia does also exert a siyni-
Ficant effect on the ultimate precentage elongation.

Discassion

It appzars from the foregoing results thut the clinical diagnostics of difTuse alopecia has
B significant influence on the tensile properties of human scalp hair. It is observed distinctly that
Jhe mean value of the strangth of normal healthy hair in the given age group is 16 83 + 2.78
kg/mm?, whereas the same for hair with manifest alopecia is much lower: 12.97 + 1.73 kg/mm?.
Bimilarly, the category with normal hair shows a significentaly higher ultimate percentage
Hongation : 40.19 + 3 48% compared to the category exhibiting diffuse alopecia : 34.40 .
§.76%. Statistical test confitms that the variations in buth the tensile parameters arc highly
Punificant (p< 0.01).

Now, by the law of physics, the product UTS x UPE hasa direct bearing on the
Bork done to break the hair specimen. This is a measure of the energy absorption of the
Pecimen concerned. The energy absorbed in normal healthy hair thus explains for a higher
miantum than that absorbed in hair in diffusc alopecia. It indi that alopecia has a role to
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introduce mechanical weakness to hair tissues resulting in premature thinning Maddin (1975),
The present study of tensile properties of scalp hairin diffuse alopecia is explorative

in nature with a rat'ier limited number of i of 22 Bengalee female i . Never-

theless, the role of diffuse alopecia to significantly influence the tensile properties of human

head hair (occipital—based) has been evident from the study.

dividnal

Sommary

The tensile properties —ultimate tensile strength and ultimate precentage clongation—
of normal healthy scalp hair have been compared with those of hair in diffuse alopecia jn a
study with 22 Bengali speaking Hindu adult female subjects in the age group 20—30 years—
10 having normal hair and 12 suffering from alopecia. The ‘normal’ category shows a much
higher value both in regard to the ultimate strength and percentage elongation compared to the
‘diseased’ group and the difference is statistically higbly significant (P<0.01). It is evident,
therefore, that alopecia :

(i) reduces the tensile strength of head hair perdurably;

(ii) reduces also the percentage elongation of scalp hair making it more brittie in

nature; further,

(iii) in consequence of (i) and (ii) above, the energy absorbed in hair specimens of
subjects with alopecia explain for a much less q fact indicative of hanical
weakness in hair tissues causing in a premature falling und consequent Ihinning of scalp hair
(occipital).
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”
Table 1: Ultimate tensile sirengih and percentage ¢ longation of human scalp hair (occipltal)
Serial No. Subject Age Mean age UTS Mean uPR Mean
initial {Year) (Yemr) (kg/mm?) uTs (%) UPE
CATEGORY 1 : (with normal hair)
] PP 2 23.02 3937
2 T8 Pl 14.10 a7
k) MP h 14.86 15.67
4 MS bx) 16.73 42.50
s MB 3 2).90%2.28 1744 1683£2.78 4026 40.19£3.48
6 SB 2 15.29 n
7 oL 25 15.80 38.01
8 SL 25 1231 4216
9 A8 26 19.73 45.60
10 RS 28 14.05 43.90
CATEGORY 11! (with diffuse alopecia)
1 SuD 0 1.7 19.65
2 AC 2 1247 29.49
3 ic 22 14,97 3449
4 MB pi) 12,20 an
s UR pL] nmn 3499
6 AR 25 25.25 £3.05 14.08 1297 £1.1 3190 3440 £3.76
7 MiB 25 13.51 42,77
8 LS 26 14.66 36.57
9 GB 26 9.29 3499
0 sD 29 1106 29.11
1 | 44 30 1587 3198
12 sS 30 .04 kXA L}
T uts uPE
Satistical Category ] 1] 1 u
(—lest Mean 16.83 12,97 40.19 34.40
P<OOI P<00l
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