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Abstract 

 
Background and objective: Consumers following the Natural hair movement want to style their hair without 

thermal damage concerns. When women used a hotter styler, their hair could not revert back to its natural pattern 

after wetting and they expressed anxiety about heat damage. This study supports these observations using 

objective measurements of reversion and damage after heat treatment. 

 
Methods: Curly tresses were straightened fifty times at 185°C or 220°C. Reversion was compared between 

treatments and to natural variation after immersion in water. The damage was explored using differential scanning 

calorimetry and tensile testing. 

 
Results: The treatment at 220°C causes a significant shift to less curly types indicating that the fibres were 

unable to revert back to their original curl pattern. The DSC and tensile results suggest that the cortex structure has 

been damaged and the fibres have become less stiff and break more easily after the treatment at 220°C but not at 

185°C. 

 
Conclusions: The structural damage at 220°C suggests that the shape memory effect cannot be triggered 

adequately by the presence of water and the fibres cannot return to their natural curl state. 
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Introduction 

In-house surveys have revealed that many consumers desire hair 
styling tools that provide quicker styling with longer-lasting results and 
reduced damage compared to their current styling regime. Ue 
followers of the Natural hair movements [1] have two main desires: 1) 
reduction of thermo-mechanical damage and 2) reversion of natural 
curls aIer heat styling. Several studies have investigated the physical, 
structural and thermo-mechanical properties of curly and Afro- 
textured hair types [2-10]. 

Our internal study suggested that when consumers are allowed to 
vary the plate temperature of their styler 73% increase it above the 
‘medium’ setting and 31% use the ‘high’ setting. As manufacturers have 
responded to pressures of the marketplace, operating temperatures 
have increased to ~230˚C, which enters the range of keratin 
denaturation and pyrolysis of dry hair [11-14]. It is generally believed 
that increasing the plate temperature of a styler results in improved 
styling performance [15,16]. However heat treatments at high 
temperatures induce extensive damage to morphological components 
of human hair [17-21]. A recent study investigated the e9ects on 
damage indicators when styling with temperatures above 185°C [22], 
close to where the denaturation process of the microfibrils starts [23]. 
Hair breakage due to thermo-mechanical damage is primary concern 
for consumers wanting to heat style their hair [24]. 

Progressive hair straightening using heat [25] has been investigated 
as has water induced reversion in animal hair [26], but to the authors’ 
knowledge no studies have examined reversion of curly hair aIer heat 
treatment. In a small-scale internal study, women with a range of curly 

hair types tested a styler operating at 185°C. Uey reported that their 
hair reverted to its natural curl pattern successfully aIer wetting with 
no signs of damage. When using a hotter styler, they reported loss of 
reversion. 

In this study the degree to which reversion occurs aIer heat 
treatment at di9erent temperatures is explored. Ue degree of internal 
structural damage was determined using di9erential scanning 
calorimetry (DSC) and tensile testing. 

 

Materials and Methods 

Reversion 

Curly hair (Afro-textured) from six individual heads was purchased 
from International Hair Importers & Products (each tress: ~2 gm 
weight). Stylers with a plate temperature of 185°C and 220°C were 
used. Two tresses from each head were used per treatment. 

Ue tresses were subjected to an initial wash and dried overnight in 
a constant 23°C and 50% RH environment. 30 fibres from four places 
on each tress were selected. Ue fibres were extended, and a 6 cm 
length cut from each fibre. Uese were placed in deionised water for 
five minutes then removed and returned to the constant environment 
overnight to dry and revert to as close to their natural curl pattern as 
possible. Ue curl type of each fibre was identified using the L’Oréal 
method [27,28]. Uis method yields a scale of eight curl types; Type I, 
lowest through to Type VIII, highest, level of curl. 
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Ue tresses were then treated 50 times at either 185°C or 220°C 
using an automated rig to ensure the force between the plates was 4 ± 
1N and the pull rate was 20 mm/s. Ue tresses were rotated by 90° 
between passes. AIer treatment another 30 fibres were removed from 
each tress and the reversion and classification processes were repeated. 

 

Damage 

For both DSC and tensile testing 2.1 g, dark curly tresses 175 mm 
long were purchased from Hugo Royer International Ltd (Sandhurst, 
Berkshire, UK). Ue tresses underwent a wash before testing 
commenced and were heat treated as previously described. Two tresses 
were used per temperature. 

A Perkin Elmer DSC-6000 system (Perkin Elmer, Seer Green, 
Buckinghamshire, UK) was used for denaturation temperature and 
enthalpy measurement [14]. Ue fibres were chopped into small (< 2 
mm) sections and 6 ± 1 mg of snippets was placed in a sealed 
aluminium sample pan with 50 µl deionised water. Samples were 
heated at a rate of 10°C/min between 30°C-200°C. Two samples were 
prepared per tress. 

For tensile testing 50 fibres were selected from each tress. Fibre 
diameters were measured using a Dia-Stron FDAS 770 fibre 
dimensional analysis system (Dia-Stron Ltd., Andover, Hampshire, 
UK). Ue tensile apparatus, a Dia-Stron MTT175, applied a stress to 
the fibres until breakage under controlled conditions of 23°C and 50% 
RH. Elastic modulus and break stress for each treatment were averaged 
over the values obtained from both tresses. 

 

Results and Discussion 

Ue number of fibres of each curl type was counted before and aIer 
heat treatment to gauge the e9ect of the heat treatment. Before heat 
treatment the fibres were Types V, VI and VII. 

are fibres in the tress which is impractical. In this experiment, the bias 
is reduced by choosing each group of fibres from four places on the 
tress instead of one. 

Ue e9ect of using a styler with a plate temperature of 220°C can be 
seen in the graph in (Figure 2). Ue heat treatment causes statistically 
significant decreases in Type VI and VII fibres and a statistically 
significant increase in Type V and IV fibres. Uere is a shiI towards 
Type V and lower curl types, with some Type III and IV fibres 
observed. Uis shiI to less curly types indicates that the fibres were 
unable to revert back to their original curl pattern. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ue graph in (Figure 1) shows the number of fibres of each type 

before and aIer 50 passes using a styler with a plate temperature of 
185°C. Uere is no statistically significant change in Type V and Type 
VI fibres; however, there is a small increase in Type VII fibres. Uis 
may have arisen due to bias in the fibre selection process. True 
randomness with no bias would require as many place choices as there 

Uere is variation in the tresses used in this study. Uis is shown as 
the shaded region in the graph in (Figure 3). Ue natural variation was 
calculated as the proportional di9erence between the fibres of tresses 
from the same head before treatment. Uis was then averaged across all 
heads. 

Ue percentage of fibres that changed aIer heat treatment is shown 
in (Figure 3). Ue increase in curliness of 9.2 ± 4.1% when using a 
styler at 185°C is smaller than the natural variation of the hair at 17.0 ± 
2.8%. Ue natural variation means that if one was to select two random 
samples from the tress, an apparent increase or decrease of up to 20% 
could be observed without carrying out any heat treatment. Hence any 
change in curl type below 20% is indistinguishable from natural 
variation. Due to the inability of the fibres treated at 220°C to revert to 
their natural curl pattern, 37.5 ± 4.4% of fibres changed towards less 
curly types. Uis change is larger than the natural variation, and so can 
be attributed to the heat treatment. 

In addition to investigating at the level of individual fibres, the 
ability of a tress to return to its natural curl pattern was determined. 
All of the tresses straightened at 185°C displayed no statistically 
significant di9erence aIer heat treatment. However, only 25% of the 
tresses straightened at 220°C showed no statistically significant 
di9erence. Uis supports the fibre results as most tresses heat treated at 
220°C were unable to revert successfully. 
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structure means that the shape memory e9ect cannot be activated to 
the same extent by the presence of water and therefore the fibre cannot 
return to its former shape. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(Figures 4 and 5) show denaturation temperature and enthalpy 

respectively for both before and aIer the two heat treatments. A 
previous study concluded that the endothermic e9ect occurs due to 
events within the cortex [29]. Ue denaturation temperature is 
associated with viscosity of the IFAP (intermediate filament associated 
proteins, the matrix phase) [13,30]. Whereas the denaturation enthalpy 
is related to denaturing of IF (intermediate filaments, the crystalline 
phase) and breaking of the IFAP-IF interface [29,31,32]. If the thermal 
treatment causes internal damage, the denaturation temperature/ 
enthalpy aIer treatment will be statistically significantly lower than 
that before treatment. Ue results in Figure 4 show that the 
denaturation temperature for the treatment with the 220°C styler, 
146.3 ± 0.9°C is significantly lower than the control at 157.9 ± 0.5°C. 
However, the treatment at 185°C produced no significant di9erence to 
the control. Ue same is true for the denaturation enthalpy. Ue 
treatment at 220°C gives a corresponding value of 4.77 ± 0.03 J/g and is 
significantly smaller than the value of the control (12.68 ± 0.36 J/g). 
For the 185°C heat treatment there is no significant di9erence between 
control and treatment. Ue DSC results shown in Figures 4 and 5 
suggest that the internal structure of the hair has been damaged during 
the treatment at 220°C but not when treated at 185°C. Further, the 
treatment at 220°C induces three alterations: 1) changes the matrix 
(IFAP) viscosity leading to more freedom of movement, 2) breaks 
IFAP-IF interface bonds, likely to be disulphide bonds and 3) breaks α- 
keratin backbone/branches leading to disintegration of the IF 
structure. Ue proposed structural model for the water-sensitive shape 
memory mechanism of animal hair [26] suggests that internal 
structural alterations would hinder the recovery of the fibre’s innate 
shape aIer wetting and drying. Uese three alterations explain our 
reversion results on fibres treated at 220°C. Ue tensile parameters of 
break stress and elastic modulus are shown in (Figures 6 and 7). Uere 
is a significant decrease in break stress and elastic modulus compared 
to the control tresses for the fibres treated at 220°C. However there is 
no statistically significant decrease in either parameter for fibres 
treated at 185°C. Ue results on break stress and elastic modulus infer 
damage from the 220°C but not from the 185°C treatment. Ue change 
in elastic modulus shows that the highest temperature treatment has 
produced fibres that are less sti9 and break more easily. Ue DSC 
results suggest this is caused by loss of integrity of the molecular 
structure such that there are fewer bonds in the molecular framework. 
In terms of the water-sensitive shape memory model this loss of 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

natural variation of hair. Error bars represent standard error. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Ue denaturation temperature before and aIer heat 
treatments. Ue asterisk indicates a statistically significant 
di9erence (p<0.05). Error bars represent standard error. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Ue denaturation enthalpy before and aIer heat 
treatments. Ue asterisk indicates a statistically significant 
di9erence (p<0.05). Error bars represent standard error. 

 
 
 
 
 
 
 
 
 
 

 
Figure 6: Comparing elastic modulus aIer heat treatment with 
control (before heat treatment). Error bars represent standard error. 
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Conclusion 

Ue data reported here shows that aIer straightening curly hair 
tresses using a styler at 185°C, the hair’s ability to revert to its natural 
curl pattern is una9ected. However, when using a styler at 220°C the 
hair tresses show a reduction in reversion and shiI to lower curl types. 
It is suggested that the structural damage, lower sti9ness and tendency 
to break at lower stress levels induced in hair treated at 220°C, inferred 
by a reduction in denaturation parameters and a change in elastic 
modulus and break stress, is the cause of the inability of the fibres to 
revert successfully. Uere is no change in the denaturation parameters 
or in the elastic modulus and break stress aIer treatment at 185°C and 
hence the fibres revert sucessfully. 
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Figure 7: Comparing break stress aIer heat treatment with control 
(before heat treatment). Error bars represent standard error. 
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