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ABSTRACT 
 
Various cosmetic alterations done to the hair for aesthetic purposes have a profound damaging 
impact on its morphology. This study delves into the complex dynamics of hair structure by 
analysing the changes in the cuticle induced by chemical degradation. Advanced microscopic 
techniques like Microtopography and Scanning Electron Microscopy (SEM) were employed to 
investigate the grade of damage on treated hair as compared with virgin hair. On treatment with 
bleach, it could be observed that the cuticle structure in virgin hair exhibited deteriorating effects 
like partial degradation whereas the impact on treated hair samples strands that had previously 
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undergone modifications exhibited much more intensifying consequences like complete 
deterioration exposing holes and gaps. The findings from the current exploration shed light on the 
nuanced relationships within the hair structure, providing valuable insights into the consequences of 
chemical degradation. Thus, laying a foundation for suggestive recommendations that include the 
impact of environment, lifestyle and genetics in the fields of trichology and cosmetology. 
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1. INTRODUCTION 
 
The prevalence of cosmetic transformations on 
hair are increasing at an alarming rate, especially 
among the young demographic driven by the 
everchanging trends. However, such treatments 
are used by all irrespective of age groups and 
gender. Such treatments have a capacity to alter 
the inherent characteristics of hair, resulting in 
increased fragility, thereby contributing to various 
hair-related issues like hair loss and breakage. A 
typical hair shaft is a complex structure [1] made 
up of keratin proteins which have three distinct 
layers: medulla, cortex, and cuticle [2], bounded 
by the cell membrane complex [3]. Medulla is the 
innermost layer, surrounded by the cortex which 
makes up most of the hair shaft and cuticle is the 
outermost layer that protects the hair shaft 
against mechanical and chemical abrasions [4]. 
The hair appearance primarily depends on the 
health of the cuticle [5]. The gloss of the hair 
depends upon the smooth layering of the cuticle, 
while the strength depends on the integrity of the 
cortex [6]. The cuticle is a chemically resistant 
region comprising of thin flap overlapping scales 
from the root to the tip of each hair called 
keratinocytes that looks like a stack of 
bottomless plastic cups where each cup 
represents a single thin cuticular cell sheet [7]. 
The shape and orientation of the cuticle cells are 
responsible for the differential friction effect in 
hair [1]. Its thickness depends on the number of 
layers which is formed by the amount each scale 
overlaps its neighbour [8,9]. The arrangement of 
these scales directly affects the porosity of the 
hair which determines the ability of the hair to 
absorb moisture and chemicals. Morphology of 
the cuticle is affected by natural weathering 
caused due to sunlight, rain, and dirt; mechanical 
abrasions like brushing, towelling, and handling 
& chemical procedures such as bleaching, 
dyeing, smoothening, and so on [10,11]. The 
natural texture of hair has a scale structure with 
smooth edges which after the application of 
chemicals transforms into scales having jagged 
edges, and complete/partial erosion which is 
referred to as weathering of the cuticle causing 

varying degrees of damage to the hair [12]. 
Cuticle scales are intact for virgin hair while are 
poorly defined for treated hair [13]. Many 
chemical procedures like dyeing, bleaching, and 
smoothening is available in the market which 
tends to improve the sensorial properties of the 
hair that are perceived through touch, sight and 
sometimes smell, by making the cuticles flat and 
erasing the asperities, however, they do not 
preserve the hair’s morphology. Bleach is one 
such chemical product that is commonly used in 
hair treatments which operate at the cuticle level 
of the hair [6], causing the hair to appear lighter 
than its natural hue. It is an oxidative process 
primarily involving chemicals such as hydrogen 
peroxide, and ammonia causing the 
decomposition of melanin granules [14]. The 
alkaline pH of the hydroxides (9–14) swells the 
hair shaft, opens its cuticle, and allows the 
chemicals to penetrate into the cortex [15].  
Untreated hair has a pH of 4.5 to 5.5 which helps 
to keep the cuticular cells closely opposed to the 
cortex [6]. Hence, an acidic pH agent is added to 
terminate the process and close the cuticles 
[16,17]. The Water Retention Index (WRI) for 
bleached and damaged hair is much higher as 
compared to that of untreated hair due to 
chemical degradation of proteins which causes 
dryness of the hair [18]. Damage to the hair shaft 
is also due to loss of cysteine content of keratin 
fibers which imparts mechanical stability primarily 
through its cross-linking with disulphide bonds 
[12]. Bleaching causes the breakdown of 
disulphide bonds which leads to heightened 
cuticle porosity, elevated hydrophilia, and 
increased brittleness of the shaft [19]. The 
continuous pursuit of unique and aesthetic hair 
treatments has led to an increase in the use of 
chemicals which causes degradation of the 
cuticle damaging the structural integrity of hair. 
An attempt has been made to spread awareness 
about the consequences of chemicals that is one 
of the primary contributors of damage to the 
morphology of the hair. The objective of this 
research is to study and distinguish between the 
changes in the structure of the hair cuticle due to 
chemical degradation by bleaching. 
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2. MATERIALS AND METHODS 
 
A varied sample set of 50 human hair were 
collected from participants of varied age groups 
and gender living in the suburbs of Mumbai, 
India. The sample pool included a control group, 
which constituted 50% of virgin hair strands, and 
a test group, consisting of the remaining 50% of 
hair strands that underwent chemical procedures 
such as bleaching, dyeing, and smoothening. 
The hair samples collected were cast by applying 
a finger-sized layer of transparent nail polish onto 
the glass slide and the hair strand was quickly 
led to rest on top of it and allowed to dry 
undisturbed. Once dried, it was carefully pulled 
out using forceps. Nail polish was used as it 
attaches and retains the scale cast even after the 
hair is pulled out leaving a clear replica reflecting 
the texture of the hair [20]. For bleaching, a 
mixture of ammonium hydroxide, hydrogen 
peroxide, and distilled water (1:1.5:1) was 
prepared. The hair strand was dipped into 
acetone for a few minutes and dried with the help 
of filter paper [21]. Further it was kept in petri 
dish to which the mixture was added and 
covered to allow the exothermic reaction to occur 
for about 30 mins and gradually the pigments of 
the hair get bleached, visible to the naked eye. 
The scale castings were observed under a 
compound microscope (45X) before and after 

bleaching the hair to notice the changes in the 
structure of the scales following standard 
laboratory protocols. Photographs of the scale 
casts were taken with a 12 MP dual-lens phone 
camera. For SEM analysis, the samples were 
investigated under FEI Quanta 200 Scanning 
Electron Microscope, a versatile microscope with 
a tungsten electron source and three modes of 
operation.  High vacuum (HV) mode allows 
analysis of electrically conducting and non-
conducting samples can be analysed after 
sputter coating. Low Vacuum & ESEM modes 
allow analysing biological and insulating samples 
without coating. The hair samples were placed 
on metal stubs with carbon adhesive. Due to the 
non-conducting nature of hair platinum sputter 
coating was applied for half an hour. After 
completion of platinum coating, the samples on 
the metal stubs were kept inside the Scanning 
Electron Microscope stage. The electron beam of 
15 KV was used. Detector used in imaging was 
Everhart-Thornley detector (ETD). Samples were 
observed under magnification of 1500X. A 
research survey was also conducted by providing 
the participants with a questionnaire acquiring 
data related to their hair condition, hair 
treatments, hair care practices, as seen in Fig. 1. 
These responses were then analysed using 
percentage statistics in the form of graphs with 
the help of Microsoft Excel. 

 

 
 

Fig. 1. Research Survey Questionnaire 
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3. RESULTS AND DISCUSSION 
 
One of the ways to study a cuticle’s scale pattern 
is with surface casts made on microscope slides 
in thermoplastics [9]. However, SEM is a striking 
alternative to study hair shaft abnormalities [22], 
as it helps us to examine the results in a much 
enhanced and intricate manner. Upon examining 
the casts, it was found that due to bleaching the 
cuticle of the hair underwent a morphological 
change mainly concerning the scales on the 
cuticle. A comparison is in Figs. 2, 3 and 4 
between the following A: Control v/s B: Test 
samples; A: Virgin hair v/s B: Same virgin hair 
that was bleached and A: Chemically altered hair 
v/s B: Chemically altered hair that was again 
subjected to bleach respectively. The Control is 
the sample of regularly oiled virgin hair and the 
test is the sample of cosmetically altered hair 
with bleach/dye.  
 

On further investigation under SEM with the help 
of higher magnification, the results were distinctly 
seen. The differences observed in Fig. 3 are that 
the virgin hair showed regular layering and 
interval of scales having smooth edges with 
proportionate inter-scale distance whereas the 
bleached one showed irregular contour of the 
cuticle, scales having jagged edges, and lifting 
up of scales. It was observed that previously 
treated hair when bleached again showed a 
dramatic effect on the cuticular structure showing 
a highly irregular pattern with complete/partial 
removal of scales leaving gaps exposing the 
cortical layer as seen in Fig. 4. There was a 
difference in the cuticular structure having 
degrading effects on virgin hair and aggravating 
effects on the already altered hair. In Table 1, the 
samples were classified into the respective 
grades of damage ranging from 0 to 4 from least 
to most damaged respectively [23]. 

  

  

A – VIRGIN HAIR STRAND;                         B – TREATED HAIR STRAND 
 

Fig. 2. Comparative study of hair - Control V/s Test (Light Microscope – 45X & SEM images – 
1500X) 



 
 
 
 

Hassan et al.; Uttar Pradesh J. Zool., vol. 45, no. 2, pp. 86-94, 2024; Article no.UPJOZ.3160 
 
 

 
90 

 

  

  
                                A – VIRGIN HAIR STRAND;       B – VIRGIN HAIR STRAND AFTER BLEACH 
 

Fig. 3. Virgin Hair Cast: Before and After Bleaching (Light Microscope – 45X & SEM images – 
1500X) 

 

Based on the research survey conducted, it was 
observed that the use of oil (coconut oil) is the 
primary traditional nourishment method used by 
majority as it tends to impart essential nutrients 
to the hair and scalp. However, hair fall is also 
the most common complaint of the                
individuals. Upon analysing the statistical data, it 
was found that, out of the 50% individuals having 
virgin hair, 44% who regularly applied oil as a 
form of nourishment had no hair-related issue. 
However, the remaining 6% rarely/never made 
use of oil complained of hair fall as seen in the 
Fig. 5. In the case of remaining 50% individuals 

having treated hair, 28% complained of hair               
fall and 22% had no such complaints. As 
opposed to this, 28% of the individuals                       
with treated hair are also the ones who              
regularly applied oil (coconut oil) and the 
remaining 22% did not. These findings indicate 
that despite the application of oil, treated hair is 
more susceptible to breakage encountering 
greater hair loss in comparison to virgin hair 
which aligns with Swift’s observation in 1999 
indicating that hair subjected to chemical and 
physical manipulation was more prone to 
premature fracture [24]. 

 

Table 1. SEM grade classification of damage (0 – Regular overlay of scales; 1 – Irregular 
overlay of scales without holes/cracks; 2 – Lift up of cuticles with holes/cracks; 3 – Partial 

exposure of cortex; 4 – Disappearance of cortex completely) 
 

Sr. no Sample type Procedures done Grade 

1 Virgin hair None (Regular oiling) 0 
2 Virgin hair bleached Bleach 1 
3 Treated hair Bleach, Dye, Straightening 2 
4 Treated hair bleached Sample 3 bleached 2 

 



 
 
 
 

Hassan et al.; Uttar Pradesh J. Zool., vol. 45, no. 2, pp. 86-94, 2024; Article no.UPJOZ.3160 
 
 

 
91 

 

 
 

 
 

   A – ALREADY TREATED HAIR STRAND; B – TREATED HAIR STRAND BLEACHED AGAIN 
 
Fig. 4. Already Treated Hair Cast: Before and After Bleaching (Light Microscope – 45X & SEM 

images – 1500X) 
 

  
 

Fig. 5. Comparison between Virgin & Treated Hair 
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All the samples underwent cuticle degradation 
but the extent was aggravated in treated hair in 
contrast to virgin hair. A normal healthy cuticle 
has a smooth texture that reflects light and has 
limiting friction allowing them to slide gently over 
neighbouring shafts, imparting lustre to the hair. 
However, the keratin layer of the hair becomes 
fragile due to friction, temperature, humidity, 
application of chemical products, and use of hair 
dryers affecting the hair quality and 
compromising its protective role [19,25]. A study 
has been conducted on the effects of bleaching, 
dyeing, smoothening, heat, etc which enhance 
the sensorial properties of the hair by flattening 
the cuticle and erasing the asperities but they fail 
to preserve the hair’s morphology resulting in 
increased coarseness, diminished shine, and 
reduced softness [13]. Lima et al (2019) 
evaluated the damage to the epidermis and 
cortex of the hair fibre by heat loss by using a 
heating iron which justifies the degradation 
caused due to the straightening treatment 
undergone by individuals in our survey study 
[26]. Ali et al (2015) studied the changes in the 
hair such as breaking/lifting up of cuticular 
scales, roughness in the surface, tearing, and 
fragmentation of cuticles in hair samples that 
have undergone chemical (bleaching, colouring, 
waving) and physical treatments (hot 
straightening) that corroborates with the findings 
in present investigation [27]. The makeup of 
human hair is influenced by various factors 
including age, gender, dietary habits, lifestyle, 
geographical location, regular washing practices, 
individual physiological variations along with 
cosmetic treatments like dyeing, perming, and 
bleaching [28]. Day to day stimuli such as UV 
radiation to wet hair are also a factor of damage 
to the hair causing holes in the cuticular layer 
[29]. These stimuli are inherent in the daily life 
and unavoidable, at times, potentially                
causing similar degrees of damage in the 
samples as they were sourced from the same 
geographical area having equivalent levels of 
pollution and environmental conditions. Major 
role of genetics and environmental elements 
comes into play while considering issues related 
to health of the hair. O’Connor et al (1995) 
studied the effects of environment on the human 
hair cuticles by comparing the effects in air 
versus water conditions as well as determining 
how pH changes affect hair morphology [30]. 
Gokce et al (2022) studied the genetic aspects of 
hair loss and its connection with nutrition 
received from the Mediterranean diet which is 
one of the healthiest nutrition models in the world 
[31]. In 2019, Ahmed et al summarized an article 

based on the previously conducted studies on 
the various genetic hair disorders [32]. In the 
current work enough information on                    
genetic influence was not procured, stemming 
from participants' limited awareness. However, it 
can be observed from previous research                    
that genetics can play a role in hair structure              
and quality and should be considered as one of 
the factors responsible for cuticle damage                
along with environmental exposure and               
lifestyle choices. It is however recommended to 
incorporate a genetic perspective into                 
future research endeavours aimed at 
understanding and enhancing hair health to 
overcome the challenges posed due to lack of 
awareness, enriching the depth of our 
investigations.  

 
4. CONCLUSION 
 
The research findings highlight the detrimental 
effects of chemical treatments on the structure of 
the hair. Repeated cosmetic procedures to the 
hair shaft such as bleaching causes damage to 
the cuticle altering the morphology and 
compromising the structural integrity of the hair 
shaft. Awareness about the consequences of 
excessive usage of chemicals is essential             
along with promoting haircare practices such as 
oiling and conditioning that prioritize cuticle 
health and educating individuals can help 
minimize the damage and maintain their                 
hair quality. Further research is required to 
develop innovative techniques and products for 
treatment and maintenance of the hair health. 
However, detailed study using more 
sophistication needs to be carried out to validate 
the present findings. 
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