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Abstract: Hyperhidrosis is an excessive production of sweat more than the physiological amount necessary to maintain thermal homeostasis. 
Primary focal hyperhidrosis is a disorder of unknown etiology, causing excessive, bilateral, symmetrical sweating on the soles of the foot is called 
plantar hyperhidrosis. The condition results not only in physical impairment, but also interferes with professional and social life. Although not life-
threatening, it is very uncomfortable and cause embarrassment and psychological trauma. Iontophoresis is a helpful method, which includes the 
presentation of particles into the body tissue through the skin. The essential principle is to place the ion particles under an electrode with the same 
charge, i.e. negative ion placed under cathode and positive ion placed under anode. This complete process is also known as “technique of ion 
transfer” into the body tissues by using electrical current as a driving force.  It is a comparative study with pre and post intervention. 30 subjects with 
plantar hyperhidrosis were selected based on the inclusion criteria. The study duration was for about 4 weeks30 subjects of age group between 15 – 
25 years with idiopathic plantar hyperhidrosis of both male and female subjects were included in this study. Subjects with cardiac and respiratory 
disorders, pregnant or lactating, any cuts, abrasions, eczema or infections on plantar aspect, metal implants like pacemakers, Hypersensitivity to the 
active substance were excluded. The subjects were divided into 3 group Group A treated with iontophoresis using tap water alone. Group B were 
treated with iontophoresis using tap water along with 3%-5% of anticholinergic drug, glycopyrronium bromide solution. Group C were treated with 
iontophoresis using tap water along with 1% of indomethacin (NSAID). The result of this study shows that there were significant changes in outcome 
measures. On comparing Mean values of Group A, Group B & Group C on Minor test (Starch - Iodine Test) tap Water along with Glycopyrronium 
Bromide (Group B) shows 1.60 which has the Lower Mean value is effective than Group A and Group C .On comparing Mean values of Group A, 
Group B & Group C on Visual Analog Scale score tap Water along with Glycopyrronium Bromide (Group B) shows 3.80 which has the Lower Mean 
value is effective than Group A and Group C. On comparing Mean values of Group A, Group B & Group C on Hyperhidrosis Disease Severity Scale 
tap Water along with Glycopyrronium Bromide (Group B) shows 1.40 which has the Lower Mean value is effective than Group A and Group C.  On 
comparing all the three groups, Group B shows better result than Group C and Group A in outcome measure. This study concluded that Tap water 
along with glycopyrronium bromide reduces the excessive sweating and decrease the sweating symptoms in subjects with plantar hyperhidrosis. 
 
Keywords: Plantar hyperhidrosis, Iontophoresis, Tap water lontophoresis, Glycopyrronium bromide, Indomethacin 
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1. INTRODUCTION 
 
Hyperhidrosis, also known as polyhidrosis or sudorrhea, is a 
condition characterized by excessive sweating.1The sweating 
can affect just one specific area or the whole body. 
Hyperhidrosis couldbe a condition characterized 
byabnormallyaccruedsweating, in more than that needed for 
regulation of vital sign though primarily a physical 
burden, hyperhidrosis will deteriorate quality of life from a 
psychological, emotional, and social perspective. sweat is 
regulated  even though the person isn't partaking tasks that 
need muscular effort, and it doesn't rely upon the exposure 
to heat. Common places to sweat will embrace underarms, 
face, neck, back, groin, feet, and hands. It's been referred to 
as  'the silent handicap'.1 weating is a physiological process 
vital for the body to maintain thermoregulation.1 Other 
functions of sweat are enhancing the grip for hands or feet 
during physical activities, moisturizing the skin, controlling 
the desquamation of stratum corneum and releasing 
molecules that are pro- or anti-inflammatory.2,3 Human sweat 
consists of approximately 99% water and has a pH of 5.0-7.0 
depending on the production.1 Substances such as sodium, 
potassium, chloride, lactate, urea, ammonia, proteolytic 
enzymes, human epithelial growth factor and glucose can also 
be found in human sweat.1,2 Humans have three different 
types of sweat glands: eccrine, apocrine, and apoeccrine. 
Eccrine sweat glands are distributed all over the skin and 
they mainly secrete water and electrolytes through the 
surface of the skin..The thermoregulatory center in 
hypothalamus control the temperature of body regulating 
eccrine sweat output and blood flow.Sweatglands are 
stimulated by emotion and thermoregulatory changes. A total 
of 1.6-4 million eccrine sweat glands are dispersed 
throughout the skin.4 The density of the eccrine glands on the 
palms and soles are 600-700/cm2 whereby only 64/cm2 on the 
back. An eccrine gland is a merocrine, coiled, tubular 
structure consisting of a duct and a secretory portion. The 
secretory part is situated in the dermis and is 2-5mm long.5 It 
consists of clear cells, dark cells and myoepithelial cells. 
While clear cells produce the isotonic fluid that becomes 
sweat, the role of dark cells is unclear.4 Myoepithelial cells 
surround the secretory tubules and discharge the fluid into 
the tubular secretory portion.6 Their function is regulating 
sweat production by acting as valves, allowing some cells to 
use the surrounding metabolites for sweat production while 
sealing others7. Eccrine glands are innervated by sympathetic 
cholinergic sudomotor axons.1,2 Nerve impulses are 
transmitted via synapse to the gland. This transmission is 
facilitated by acetylcholine vesicles docking on the 
presynaptic membrane and discharging their content.2,8 
Normal sweating is a physiological mechanism for regulating 
body temperature while in hyperhidrosis the sweating is 
excessive and tormenting in affected 
individuals.13Hyperhidrosis is a disease characterized by 
excessive sweating occurs mainly in the soles of the feet 
called plantar hyperhidrosis.14 Hyperhidrosis has an unknown 
etiology and is associated with intense emotional, 
occupational and social stress. It usually begins in childhood 
or adolescence and entails an important impairment in the 
quality of life of individuals.15 There is a distinction between 
primary (PH) and secondary (SH) hyperhidrosis. PH is usually 
restricted to certain areas while SH is mostly general and 
rarely focal.11 Other types of hyperhidrosis such as gustatory, 
emotional, compensational, and thermal types are usually 
termed due to the provoking stimuli. Primary hyperhidrosis 
(PH) id idiopathic and occurs as focal or multifocal.13 The 

disease affects women and men in equal proportions.16 
Primary hyperhidrosis affects 0.6% - 1% of the 
population.17The reported prevalence of primary 
hyperhidrosis ranges from 1% to 2.8%. Most commonly 
41.1% (feet) people are affected with plantar hyperhidrosis. It 
is estimated that roughly 3% of world‟s population i.e. around 
200 million people have this medical condition.18,19 In tropical 
countries, the prevalence rates range from 1.5% to 9%.20,21,22 
Almost 3% of the general population largely people aged 
between 25-64 years experiences hyperhidrosis.23 Self-
reported family history for PH is described in 30-50%.24 A 
genetic background with an autosomal dominant transmission 
and a variable penetrance has been suggested as a possible 
cause.25,26 Some authors have not found any pathological 
changes in the sweat glands,27,28 while others have described 
an increased number of cells and a larger myelin sheath in the 
sympathetic ganglion in those with PH.8 An overstimulation 
of the sympathetic nerve fibers innervating the sweat glands 
has been suggested as a mechanism for the excessive sweat 
production.29 Hyperhidrosis occurs as a primary process of 
autonomic neural dysfunction. This dysfunction tends to 
occur in areas where there is a higher concentration of 
eccrine glands such as palms, soles and axillae, which are 
sweat producing glands.30 The nerves innervate sweat glands 
are sympathetic, postganglionic and acetylcholine as their 
neurotransmitter.31Norepinephrine and vasoactive intestinal 
peptide (VIP) may play a role, but neither of these amplifies 
cholinergic sweat secretion.32 Sweat glands on the palms and 
soles alone are activated mostly by emotional stimuli. Frontal 
and premotor projections to hypothalamus probably 
promote sweating during enhanced emotions.33Sympathetic 
cholinergic nerves activate both thermoregulatory and 
emotional sweating and are controlled by different central 
nervous system neurons.34 Exacerbating factors in PH have 
been described as stress, anxiety, heat, humidity and 
exercise.35 Food such as spices, coffee and alcohol can also 
worsen the problems. While some patients report an 
amelioration of symptoms with hard exercise others report 
the opposite.36 Primary hyperhidrosis has negative impacts on 
the psychosocial health of the individuals. The disease 
reduces the overall quality of life and interferes with the daily 
activities of those affected.37,38 Individuals express stress and 
anxiety in conjunction with their sweating but also prior to 
private or social interactions.39 The impact of hyperhidrosis 
on patient‟s life is broad and affects all areas of life such as 
daily life, psychological well -being, social life, professional life, 
dealing with the condition, unmet health care needs and 
physical impact.9 The impact of PH can be different depending 
on the site of the body affected. Individuals may experience 
discomfort in relation to having wet feet that cause cracked 
skin. Plantar hyperhidrosis can cause the foot to slip off the 
brake when driving a car, a slip in a sandal to cause a twisted 
ankle, or fill a shoe with sweat. Fear of leaving sweating 
marks. Performing daily activities such as walking usually 
requires more time. Decisions such as choosing career path 
or occupation can be difficult and coping hyperhidrosis is 
often stressful. In the society excessive sweating is associated 
with being nervous or unhygienic.39 Iontophoresis is defined 
as the introduction of an ionized substance through 
application of a direct current on intact skin.40 Though the 
exact mechanism of action is unknown, this technique 
facilitates transdermal movement of solute ions by generation 
of an electrical potential gradient. Penetration of neutral 
compounds is also facilitated. Tap water, anticholinergic 
agents(glycopyrrolate) are used in iontophoresis, resulting in 
a more efficient reduction of sweat production.41Duration of 
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effect is only a few days with tap water and anticholinergic 
iontophoresis.42 Indomethacin (NSAID) can block the 
synthesis of prostaglandins, at least in the kidney, can 
increase sodium and water excretion, a relationship between 
indomethacin, eccrine gland prostaglandins and hyperhidrosis 
may very well exist. 43 Indomethacin is an inhibitor of 
prostaglandin synthesis, its mode of action may be due to a 
decrease of prostaglandins in peripheral tissues. 
Iontophoresis was found to increase the permeation of 
indomethacin.44The general population, especially in 
developing countries like India is seldom aware of this 
condition and sparsely seeks medical attention. The tropical 
climate and the environment also influence and aggravate this 
condition to a greater extent. Most patients try to modify 
their lifestyle and get adapted to this problem. This can be a 
hindrance to their normal professional and social life. Many 
relevant studies had been conducted, yet only a very few 
published data are available from India.45 This study is an 
attempt to compare and analyse the effects of iontophoresis 
with tap water, glycopyrronium bromide and indomethacin. 
Assessment.tools include starch-iodine test, VAS scale and 
hyperhidrosis disease severity scale using which pre and post 
assessment taken. 
 

2. METHODOLOGY 
 
The procedures were followed according to the 
recommendations of Helsinki Declaration of 1964 (as revised 
in 2008). This study was registered under Faculty of 
Physiotherapy, Dr.MGR educational and Research institute 

with A-29/PHYSIO/IRB/2018-2019. This study was an 
experimental study with duration of 4 weeks. 30 subjects 
with plantar hyperhidrosis based on the inclusion and 
exclusion criteria between the age group of 15 – 25 years 
were randomly selected from A.C.S Medical College and 
Hospital, Chennai. 30 Subjects with plantar hyperhidrosis 
were randomly selected and divided into Group A, Group B 
and Group C equally. Both male and female subjects, who 
had focal, visible, excessive sweating without apparent cause, 
Impairment of daily activities Positive family history and the 
lower age limit for iontophoresis is 5 years were included in 
this study. Subjects with cardiac and respiratory disorders, 
who are pregnant or lactating any cuts, abrasions, eczema or 
infections on plantar aspect, with metal implants like 
pacemakers and hypersensitivity to the active substance were 
excluded from this study.Minor test (Starch iodine 
test),Hyperhidrosis Detecting Questionnaire,Hyperhidrosis 
Specific Questionnaire (HSQ) (pre and post treatment 
questionnaire),HSQ includes visual analogue scale (VAS) 
.Hyperhidrosis disease severity scale (HDSS) are used as 
outcome measure. 
 
2.1 Minor Test (Starch-Iodine Test) 
 
Tincture of iodine is applied to the feet and allowed to air-
dry(fig 1). After drying, the area is dusted with cornstarch. 
When sweat reaches the surface of skin, the starch and 
iodine combine, causing a dramatic colour change (yellow 
turns into dark blue)(fig 2), allowing sweat production to be 
easily visualized.  

 

 

 
 

Fig.1 Feet Coated with Iodine 
 

 
 

Fig.2 Areas of Hyperhidrosis Turn Blue-Black After Dusting with Starch Powder 
 

Group A: Includes 10 subjects with plantar hyperhidrosis, 
who were treated with iontophoresis using tap water alone. 
Sometimes, tap water in certain geographic locations may be 

too “soft” for iontophoresis to work; it does not contain 
many minerals or electrolytes.  
Group B: Includes 10 subjects with plantar hyperhidrosis, 
were treated with iontophoresis using tap water along with 



 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.5.L11- 19                                                                                              Physiotheraphy 
 

 

L-14 

 

3%-5% of anticholinergic drug, glycopyrronium bromide 
solution.42 
Group C: Includes 10 subjects with plantar hyperhidrosis, 
were treated with iontophoresis using tap water along with 
1% of indomethacin (NSAID). Indomethacin is not a water 
solvent hence it is mixed with 40% ethanol or the solution 
was prepared using absolute ethanol: propylene glycol: 
dimethylacetamide 19: 19: 2.  All the three groups were 
treated by faradic foot bath, with muscle stimulator, 
treatment is given for 3 times a week for 4 weeks. After 
checking for any general and local contraindications. Make 
certain, the subject removes all jewelry and any small cuts or 
abrasions were covered with Vaseline or some other water-
resistant material. The subject was made to sit over the 
wooden stool. Foot is placed in a treatment tray kept over 
the spread mackintosh. Hip and knee are flexed to about 900. 
The subject is asked to hold the hip knee firmly to maintain 
contact by using body weight. The tray as to be filled with tap 
water at room temperature to the top of the 
electrodes.Both the feet as to be placed   in a bath containing 
enough water to cover the toes. Electrodes (anode and 
cathode) must be placed under the heel or the metatarsal 
heads of the right and left foot based on the area of severity 
of sweating symptoms assessed by starch-iodine test. The 
apparatus as to be checked unit turned on and “intensity” 

knob at zero gradually increase the amperage using the 
intensity knob to the therapeutic range of 15-18mA. 
Normally, the intensity may range from 5mA to 20mA, varied 
according to the subject's tolerance and treatment for 
10mins. At the end of the 10 mins, the current flowis 
gradually decreased  to zero and the polarity being reversed 
(change the direction of current flow at the unit) i.e. the 
negative ion placed under the cathode electrode gets 
interchanged and treated for 10 mins. Repeat the same 
procedure. Each session lasts for about 20 minutes. Remind 
the subject to keep foot in the water for complete duration. 
Removing the foot or touching the electrodes during the 
treatment may result in a slight shock. Because the intensity 
of the current flow is greatest at that part of the foot that is 
closest to the electrodes. Instructions were given to the 
subject to inform if there is any burning sensation, tingling 
sensation or if it becomes uncomfortable. After the 
treatment gets over the area/part treated has to be checked 
and end of the session. Patients should be  asked to record 
their response to the treatment by rating each sole each day 
following treatment as „dry‟, „slightly wet‟, „moderately wet‟, 
or „very wet‟. At the end of 4 weeks of treatment session 
post-test analysis to be  done using outcome measurements 
and followed up at 8weeks. 

 

 
 

Fig.4.A Starch Iodine Test: Pre Treatment 
 

 
 

Fig.4.B Post Treatment 
 

3. STATISTICAL ANALYSIS 
 

The collected data were tabulated and analyzed using both 
descriptive and inferential statistics. All the parameters 
were assessed using statistical package for social science 
(SPSS) version24. One Way ANOVA includes of following 
tests (Test of Homogeneity of Variance, ANOVA, Post 
Hoc test Tukey HSD) (multiple comparison) was adopted 
to find statistical difference between threegroups. 
 

4. RESULT 
Table 1On comparing Mean values of Group A, Group B & 

Group C on Minor test (Starch - Iodine Test) shows 
significant decrease in the Post test Mean values, but Tap 
Water along with Glycopyrronium Bromide (Group B) 
shows 1.60 which has the Lower Mean value is effective than 
Tap Water along with Indomethacin (Group C) 2.30 and 
followed by Tap Water Iontophoresis (Group A) 2.50 at P ≤ 
0.05. Hence Null Hypothesis is rejected. Table 2 On 
comparing Mean values of Group A, Group B & Group C on 
Visual Analog Scale score shows significant decrease in the 
Post test Mean values, but Tap Water along with 
Glycopyrronium Bromide (Group B) shows 3.80 which has 
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the Lower Mean value is effective than Tap Water along with 
Indomethacin (Group C) 5.70 and followed by Tap Water 
Iontophoresis (Group A) 6.00 at P ≤ 0.05. Hence Null 
Hypothesis is rejected. Table 3 On comparing Mean values of 
Group A, Group B & Group C on Hyperhidrosis Disease 
Severity Scale score shows significant decrease in the Post 

test Mean values, but Tap Water along with Glycopyrronium 
Bromide (Group B) shows 1.40 which has the Lower Mean 
value is effective than Tap Water along with Indomethacin 
(Group C) 2.10 and followed by Tap Water Iontophoresis 
(Group A) 2.50 at P ≤ 0.05. Hence Null Hypothesis is 
Rejected. 

 

Table-1. Comparison Of Pre-& Post Minor Test (Starch - Iodine Test) Using Test Of Homogeneity Of Variance 
& One Anova Test Between Group A, Group B And Group C 

Test  
 

Group A  Group B  Group C  Df F Value  Sig  

Mean  S. D  Mean  S. D  Mean  S. D  Df1  Df2  

Pre  3.70  1.15  3.70  .948  3.80  1.03  2  27  .030  .970*  

Post  2.50  1.08  1.60  .516  2.30  .674  2  27  3.54  .003**  

 
The above table reveals the Mean, Standard Deviation (S.D), Homogeneity variance,ANOVA test, degree of freedom(df), 

F -value & P value between (Group A), (Group B) &(Group C) and shows that there is a significant difference in post-test values between (GroupA), 
(Group B) & (Group C) (**- P ≤ 0.05). 

 

 

GRAPH – I Comparison Of Pre-& Post Minor Test (Starch - Iodine Test) Using Test Of Homogeneity Of 

Variance & One Anova Test Between Group A, Group B And Group C 

 

Table- 2. Comparison Of Pre-& Post Visual Analog Scale Score Using Test Of Homogeneity Of Variance & One 
Anova Test Between Group A, Group B And Group C 

Test  
 

Group A  Group B  Group C  Df F Value  Sig  

Mean  S. D  Mean  S. D  Mean  S. D  Df1  Df2  

PRE  7.30  1.33  7.40  1.17  7.40  1.17  2  27  .022  .948*  

POST  6.00  1.49  3.80  1.31  5.70  .948  2  27  8.79  .003** 

 
The above table reveals the Mean, Standard Deviation (S.D), Homogeneity variance, ANOVA test, degree of freedom(df), F -value & P value between 
(Group A), (Group B) &(Group C) .This table shows that there is a significant difference in post-test values between (GroupA), (Group B) & (Group 

C) (**- P ≤ 0.05). 
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Graph – II Comparison Of Pre-& Post Visual Analog Scale Score Using Test Of Homogeneity Of Variance & 

One Anova Test Between Group A, Group B And Group C 

 

Table- 3. Comparison Of Pre-& Post HDSS Score Using Test Of Homogeneity Of Variance & One Anova Test 
Between Group A, Group B And Group C 

Test  
 

Group A  Group B  Group C  Df F Value  Sig  
 Mean  S. D  Mean  S. D  Mean  S. D  Df1  Df2  

Pre  3.50  .971  3.50  .527  3.40  .843  2  27  .052  .950*  

Post  2.50  .971  1.40  .516  2.10  .567  2  27  6.06  .004**  

 
The above table reveals the Mean, Standard Deviation (S.D), Homogeneity variance,ANOVA test, degree of freedom(df), F -value & P value between 
(Group A), (Group B) &(Group C).This table shows that there is a significant difference in post-test values between (GroupA), (Group B) & (Group C) 

(**- P ≤ 0.05). 

 
 

Graph – III Comparison Of Pre-& Post HDSS Score Using Test Of Homogeneity  

Of Variance & One Anova Test Between Group A, Group B And Group C 

 
5. DISCUSSION 
 
Primary hyperhidrosis is a condition characterized by 
excessive sweating. The estimated prevalence is between 0.6 

and 4.4%, and it can have economic, psychological, and social 
consequences for affected individuals.9,10 The study was 
conducted on 30 subjects with plantar hyperhidrosis to 
compare and find out the effectiveness of iontophoresis. 
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Group A was treated with tap water, Group B was treated 
with glycopyrronium bromide and Group C was treated with 
indomethacin. Outcome measures included were starch-
iodine test(fig 4A,fig 4B), VAS scale and hyperhidrosis disease 
severity scale which was done prior to the treatment and at 
the end of 4 weeks of treatment. Previous studies have 
shown that iontophoresis using tap water alone is effective in 
treating hyperhidrosis. It is a safe procedure, without any 
serious side-effects. Tap water is an effective and well 
tolerated treatment for hyperhidrosis. It is simple, 
inexpensive and affordable for patients. In 1936, Ichihanshi 
demonstrated that sweating of palms could be reduced by 
iontophoresis. Levit published two reports in 1968 and 1980 
exalting the efficacy and simplicity of tap water iontophoresis 
for the treatment of hyperhidrosis. Holzle et al., (1986) 
suggested that iontophoresis works by blocking 
neuroglandular transmission or inhibiting the secretory 
mechanism at the cellular level.47 Abell et al., (1974) showed 
that the glycopyrronium bromide iontophoresis has been 
shown to be a simple safe and effective treatment particularly 
for the hands.48 Chia Hy et al., (2012) concluded that 
iontophoresis using glycopyrronium bromide is an effective 
and well tolerated treatment for primary palmar 
hyperhidrosis. No serious side-effects were encountered.49 
Grice et al., (1972) suggested that Iontophoresis can also 
exert a pharmacological effect on sweat glands by the 
delivery of anticholinergic drugs.50 The duration of the effect 
is greater when iontophoresis is used with an anticholinergic 
agent. NSAIDS used in iontophoresis are applied, omitting 
oral administration and thus save the gastrointestinal tract. 
Group A pre-test & post-test mean value for Minor test 
(2.50) and Group B, pre-test & post-test mean value for 
Minor test (1.60) andGroup C, pre-test & post-test mean 
value for minor test (2.30)(Table 1 & Graph 1) showed a 
significant difference. Group A pre-test & post-test mean 
value for VAS (6.00) and Group B, pre-test & post-test mean 
value for VAS (3.80) andGroup C, pre-test & post-test mean 
value for VAS (5.70)(Table 2 & Graph 2) showed a significant 
difference. Group A pre-test & post-test mean value for 
HDSS (2.50) and Group B, pre-test & post-test mean value 

for HDSS (1.40) and Group C, pre-test & post-test mean 
value for HDSS (2.10)(Table 3 & Graph 3) showed a 
significant difference. Based on this background, it has been 
observed that the Group B (Tap water iontophoresis along 
with glycopyrronium bromide) is better than Group C (Tap 
water iontophoresis along with indomethacin) and Group A 
(Tap water alone) for plantar hyperhidrosis.46 
 
6. CONCLUSION 
 

This study clearly demonstrated theEfficacy of Iontophoresis 
with Tap water, Glycopyrronium Bromide and Indomethacin. 
Based on the outcome measures tap water iontophoresis 
along with glycopyrronium bromide is better than that of tap 
water iontophoresis along with indomethacin and Tap water 
alone for treatment of plantar hyperhidrosis . This treatment 
method was well tolerated without serious side effect. In 
futurelarge sample size can be analyzed,and the treatment 
timing also can be increased  , other chemicals like aluminium 
chloride and be used to find the comparative efficacy. 

 

7. ACKNOWLEDGEMENT 
 
I thank the authorities of Dr. MGR educational and research 
institute the Founder Chancellor Dr. A.C.Shanmugam., 
President Er. A.C.S. Arun kumar , Secretary Thiru. A. Ravi 
kumar for their support for completing this project 
 
8. AUTHORS CONTRIBUTION STATEMENT 
 
Prof .Dr.C.V.Senthilnathan the principal investigator 
conceptualized the idea guided this study ,G.Vaishnavi, 
G.Keerthana carried out the research study and drafted the 
manuscript, S.Nandha Kumar discussed the methodology and 
result Prof.Dr.Kotteeswara contributed in analyzing data. 
 
9. CONFLICT OF INTEREST 
 
Conflict of interest declared none. 

 
10. REFERENCES 
 
1. McSwiney BA. The composition of human perspiration 

(SamuelHyde Memorial Lecture): (Section of Physical 
Medicine). Proc R Soc Med. 1934;27(7):839-48. PMID 
19989792. 

2. Sato K. The physiology, pharmacology, and 
biochemistry of the eccrine sweat gland. Rev Physiol 
Biochem Pharmacol. 1977;79:51-131. doi: 
10.1007/BFb0037089, PMID 21440. 

3. Sjödin A, Guo D, Hofer PA, Henriksson R, Hedman 
H. Mammaglobin in normal human sweat glands and 
human sweat gland tumors. J Invest Dermatol. 
2003;121(2):428-9. doi: 10.1046/j.1523-
1747.2003.12374.x, PMID 12880439. 

4. Sato K, Sato F. Defective beta adrenergic response of 
cystic fibrosis sweat glands in vivo and in vitro. J Clin 
Invest. 1984;73(6):1763-71. doi: 10.1172/JCI111385, 
PMID 6327771. 

5. Sato K, Sato F. Individual variations in structure and 
function of human eccrine sweat gland. Am J Physiol. 
1983;245(2):R203-8. doi: 
10.1152/ajpregu.1983.245.2.R203, PMID 6881378. 

6. Hibbs RG. The fine structure of human eccrine sweat 
glands. Am J Anat. 1958;103(2):201-17. doi: 
10.1002/aja.1001030204, PMID 13636989. 

7. Ellis RA. Fine structure of the myoepithelium of the 
eccrine sweat glands of man. J Cell Biol. 
1965;27(3):551-63. doi: 10.1083/jcb.27.3.551, PMID 
5885430. 

8. de Oliveira FR, Moura NB, de Campos JR, Wolosker 
N, Parra ER, Capelozzi VL, Pêgo-Fernandes P. 
Morphometric analysis of thoracic ganglion neurons in 
subjects with and without primary palmar 
hyperhidrosis. Ann Vasc Surg. 2014;28(4):1023-9. doi: 
10.1016/j.avsg.2013.11.004, PMID 24342829. 

9. Sato K, Leidal R, Sato F. Morphology and development 
of an apoeccrine sweat gland in human axillae. Am J 
Physiol. 1987;252(1 Pt 2):R166-80. doi: 
10.1152/ajpregu.1987.252.1.R166, PMID 3812728. 

10. Saga K, Takahashi M. Immunoelectron microscopic 
localization of epidermal growth factor in the eccrine 
and apocrine sweat glands. J Histochem Cytochem. 
1992;40(2):241-9. doi: 10.1177/40.2.1552167, PMID 
1552167. 

http://www.ncbi.nlm.nih.gov/pubmed/19989792
https://doi.org/10.1007/bfb0037089
https://www.ncbi.nlm.nih.gov/pubmed/21440
https://doi.org/10.1046/j.1523-1747.2003.12374.x
https://doi.org/10.1046/j.1523-1747.2003.12374.x
http://www.ncbi.nlm.nih.gov/pubmed/12880439
https://doi.org/10.1172/jci111385
http://www.ncbi.nlm.nih.gov/pubmed/6327771
https://doi.org/10.1152/ajpregu.1983.245.2.r203
http://www.ncbi.nlm.nih.gov/pubmed/6881378
https://doi.org/10.1002/aja.1001030204
http://www.ncbi.nlm.nih.gov/pubmed/13636989
https://doi.org/10.1083/jcb.27.3.551
http://www.ncbi.nlm.nih.gov/pubmed/5885430
https://doi.org/10.1016/j.avsg.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24342829
https://doi.org/10.1152/ajpregu.1987.252.1.r166
http://www.ncbi.nlm.nih.gov/pubmed/3812728
https://doi.org/10.1177/40.2.1552167
http://www.ncbi.nlm.nih.gov/pubmed/1552167


 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.5.L11- 19                                                                                              Physiotheraphy 
 

 

L-18 

 

11. Lindsay SL, Holmes S, Corbett AD, Harker M, Bovell 
DL. Innervation and receptor profiles of the human 
apocrine (epitrichial) sweat gland: routes for 
intervention in bromhidrosis. Br J Dermatol. 
2008;159(3):653-60. doi: 10.1111/j.1365-
2133.2008.08740.x, PMID 18637900. 

12. Jacoby RB, Brahms JC, Ansari SA, Mattai J. Detection 
and quantification of apocrine secreted odor-binding 
protein on intact human axillary skin. Int J Cosmet Sci. 
2004;26(1):37-46. doi: 10.1111/j.0142-
5463.2003.00203.x, PMID 18494923. 

13. Stolman LP. In hyperhidrosis (excess sweating), look 
for a pattern and cause. Cleve Clin J Med. 
2003;70(10):896-8. doi: 10.3949/ccjm.70.10.896, PMID 
14621235. 

14. Estevan FA, Wolosker MB, Wolosker N, Puech-Leão 
P. Epidemiologic analysis of prevalence of the 
hyperhidrosis. An Bras Dermatol. 2017;92(5):630-4. 
doi: 10.1590/abd1806-4841.20175551, PMID 
29166497. 

15. de Campos JR, Kauffman P, Werebe Ede C, Andrade 
Filho LO, Kusniek S, Wolosker N, Jatene FB. Quality 
of life, before and after thoracic sympathectomy: 
report on 378 operated patients. Ann Thorac Surg. 
2003;76(3):886-91. doi: 10.1016/s0003-
4975(03)00895-6, PMID 12963223. 

16. Strutton DR, Kowalski JW, Glaser DA, Stang PE. US P 
revalence of hyperhidrosis and impact on individuals 
with axillary hyperhidrosis: results from a national 
survey. J Am. Dermatology. 2004;51:241-8. 

17. Adar R, Kurchin A, Zweig A, Mozes M. Palmar 
hyperhidrosis and its surgical treatment: A report of 
100 cases. Ann Surg. 1977;186(1):34-41. doi: 
10.1097/00000658-197707000-00006, PMID 879872. 

18. Strutton DR, Kowalski JW, Glaser DA, Stang PE. US 
prevalence of hyperhidrosis and impact on individuals 
with axillary hyperhidrosis: results from a national 
survey. J Am Acad Dermatol. 2004;51(2):241-8. doi: 
10.1016/j.jaad.2003.12.040, PMID 15280843. 

19. Lear W, Kessler E, solish N, Glaser DA. An 
epidemiological study of hyperhidrosis. Dermatol 

Surg. 2007;33(1);SpecNo.:S69-75. doi: 
10.1111/j.1524-4725.2006.32334.x, PMID 17241417. 

20. Felini R, Demarchi AR, Fistarol ED, Matiello M, 
Delorenze LM. Prevalence of hyperhidrosis in the 
adult population of Blumenau-SC, Brazil. An Bras 
Dermatol. 2009;84(4):361-66. doi: 10.1590/s0365-
05962009000400007, PMID 19851668. 

21. Tu YR, Li X, Lin M, Lai FC, Li YP, Chen JF, Ye JG. 
Epidemiological survey of primary palmar 
hyperhidrosis in adolescent in Fuzhou of People‟s 
Republic of China. Eur J Cardiothorac Surg. 
2007;31(4):737-39. doi: 10.1016/j.ejcts.2007.01.020, 
PMID 17314049. 

22. Sharma S, Bassi R, Sodhi MK. Epidemiology of 
dermatoses in children and adolescents in Punjab, 
India. J Pak Assoc Dermatol. 2012;22(3):224-29. 

23. Haider A, Solish N. Focal hyperhidrosis: diagnosis and 
management. CMAJ. 2005;172(1):69-75. doi: 
10.1503/cmaj.1040708, PMID 15632408. 

24. Stolman LP. Treatment of hyperhidrosis. Dermatol 
Clin. 1998;16(4):863-9. doi: 10.1016/s0733-
8635(05)70062-0, PMID 9891696. 

25. Ro KM, Cantor RM, Lange KL, Ahn SS. Palmar 
hyperhidrosis: evidence of genetic transmission. J Vasc 

Surg. 2002;35(2):382-6. doi: 
10.1067/mva.2002.119507, PMID 11854739. 

26. Kaufmann H, Saadia D, Polin C, Hague S, Singleton A, 
Singleton A. Primary hyperhidrosis--evidence for 
autosomal dominant inheritance. Clin Auton Res. 
2003;13(2):96-8. doi: 10.1007/s10286-003-0082-x, 
PMID 12720093. 

27. Rechardt L, Waris T, Rintala A. Innervation of human 
axillary sweat glands. Histochemical and electron 
microscopic study of hyperhidrotic and normal 
subjects. Scand J Plast Reconstr Surg. 1976;10(2):107-
12. doi: 10.3109/02844317609105198, PMID 1019585. 

28. Sato K, Kang WH, Saga K, Sato KT. Biology of sweat 

glands and their disorders II. Disorders of sweat 

gland function. J Am Acad Dermatol. 1989;20(5 Pt 
1):713-26. doi: 10.1016/s0190-9622(89)70081-5, PMID 
2654213. 

29. Iwase S, Ikeda T, Kitazawa H, Hakusui S, Sugenoya J, 
Mano T. Altered response in cutaneous sympathetic 
outflow to mental and thermal stimuli in primary 
palmoplantar hyperhidrosis. J Auton Nerv Syst. 
1997;64(2-3):65-73. doi: 10.1016/s0165-
1838(97)00014-3, PMID 9203126. 

30. Schnider P, Binder M, Auff E, Kittler H, Berger T, 
Wolff K. Double-blind trial of botulinum A toxin for 
the treatment of focal hyperhidrosis of the palms. Br J 
Dermatol. 1997;136(4):548-52, PMID 9155956. 

31. Sato K, Sato F. Effect of vip on sweat secretion and 
camp accumulation in isolated simian eccrine glands. 
Am J Physiol. 1987;253(6 Pt 2):R935-41. doi: 
10.1152/ajpregu.1987.253.6.R935, PMID 2827508. 

32. Rothman. S. physiology and Biochemistry of the skin. 
Chicago: University of Chicago Press; 1954. p. 168-80. 

33. Saadia D, Voustianiouk A, Wang AK, Kaufmann H. 
Botulinum toxin type A in primary palmar 
hyperhidrosis: randomized, single-blind, two-dose 
study. Neurology. 2001;57(11):2095-9. doi: 
10.1212/wnl.57.11.2095, PMID 11739832. 

34. Solish N, Wang R, Murray CA. Evaluating the patient 
presenting with hyperhidrosis. Thorac Surg Clin. 
2008;18(2):133-40. doi: 
10.1016/j.thorsurg.2008.01.002, PMID 18557587. 

35. Krogstad AL, Mork C, Piechnik SK. Daily pattern of 
sweating and response to stress and exercise in 
patients with palmar hyperhidrosis. Br J Dermatol. 

2006;154(6):118-1122. doi: 10.1111/j.1365-
2133.2006.07212.x, PMID 16704643. 

36. Shayesteh A, Janlert U, Brulin C, Boman J, Nylander E. 
Prevalence and characteristics of hyperhidrosis in 
Sweden: A Cross-Sectional study in the General 
population. Dermatology. 2016;232(5):586-91. doi: 
10.1159/000448032, PMID 27576462. 

37. Swartling C, Naver H, Lindberg M. Botulinum A toxin 
improves life quality in severe primary focal 
hyperhidrosis. Eur J Neurol. 2001;8(3):247-52. doi: 
10.1046/j.1468-1331.2001.00207.x, PMID 11328333. 

38. Kamudoni P, Mueller B, Halford J, Schouveller A, 
Stacey B, Saklek MS. The impact of hyperhidrosis on 
patient‟s life and quality of life: a qualitative. 

39. Kamudoni P, Mueller B, Halford J, Schouveller A, 
Stacey B, Salek MS. The impact of hyperhidrosis on 
patients‟ daily life and quality of life: a qualitative 
investigation. Health Qual Life Outcomes. 
2017;15(1):121. doi: 10.1186/s12955-017-0693-x, 
PMID 28595584. 

https://doi.org/10.1111/j.1365-2133.2008.08740.x
https://doi.org/10.1111/j.1365-2133.2008.08740.x
http://www.ncbi.nlm.nih.gov/pubmed/18637900
https://doi.org/10.1111/j.0142-5463.2003.00203.x
https://doi.org/10.1111/j.0142-5463.2003.00203.x
http://www.ncbi.nlm.nih.gov/pubmed/18494923
https://doi.org/10.3949/ccjm.70.10.896
http://www.ncbi.nlm.nih.gov/pubmed/14621235
https://doi.org/10.1590/abd1806-4841.20175551
http://www.ncbi.nlm.nih.gov/pubmed/29166497
https://doi.org/10.1016/s0003-4975(03)00895-6
https://doi.org/10.1016/s0003-4975(03)00895-6
http://www.ncbi.nlm.nih.gov/pubmed/12963223
https://doi.org/10.1097/00000658-197707000-00006
http://www.ncbi.nlm.nih.gov/pubmed/879872
https://doi.org/10.1016/j.jaad.2003.12.040
http://www.ncbi.nlm.nih.gov/pubmed/15280843
https://doi.org/10.1111/j.1524-4725.2006.32334.x
http://www.ncbi.nlm.nih.gov/pubmed/17241417
https://doi.org/10.1590/s0365-05962009000400007
https://doi.org/10.1590/s0365-05962009000400007
http://www.ncbi.nlm.nih.gov/pubmed/19851668
https://doi.org/10.1016/j.ejcts.2007.01.020
http://www.ncbi.nlm.nih.gov/pubmed/17314049
https://doi.org/10.1503/cmaj.1040708
http://www.ncbi.nlm.nih.gov/pubmed/15632408
https://doi.org/10.1016/s0733-8635(05)70062-0
https://doi.org/10.1016/s0733-8635(05)70062-0
http://www.ncbi.nlm.nih.gov/pubmed/9891696
https://doi.org/10.1067/mva.2002.119507
http://www.ncbi.nlm.nih.gov/pubmed/11854739
https://doi.org/10.1007/s10286-003-0082-x
http://www.ncbi.nlm.nih.gov/pubmed/12720093
https://doi.org/10.3109/02844317609105198
http://www.ncbi.nlm.nih.gov/pubmed/1019585
https://doi.org/10.1016/s0190-9622(89)70081-5
http://www.ncbi.nlm.nih.gov/pubmed/2654213
https://doi.org/10.1016/s0165-1838(97)00014-3
https://doi.org/10.1016/s0165-1838(97)00014-3
http://www.ncbi.nlm.nih.gov/pubmed/9203126
http://www.ncbi.nlm.nih.gov/pubmed/9155956
https://doi.org/10.1152/ajpregu.1987.253.6.r935
http://www.ncbi.nlm.nih.gov/pubmed/2827508
https://doi.org/10.1212/wnl.57.11.2095
http://www.ncbi.nlm.nih.gov/pubmed/11739832
https://doi.org/10.1016/j.thorsurg.2008.01.002
http://www.ncbi.nlm.nih.gov/pubmed/18557587
https://doi.org/10.1111/j.1365-2133.2006.07212.x
https://doi.org/10.1111/j.1365-2133.2006.07212.x
http://www.ncbi.nlm.nih.gov/pubmed/16704643
https://doi.org/10.1159/000448032
http://www.ncbi.nlm.nih.gov/pubmed/27576462
https://doi.org/10.1046/j.1468-1331.2001.00207.x
http://www.ncbi.nlm.nih.gov/pubmed/11328333
https://doi.org/10.1186/s12955-017-0693-x
http://www.ncbi.nlm.nih.gov/pubmed/28595584


 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.5.L11- 19                                                                                              Physiotheraphy 
 

 

L-19 

 

40. Stolman LP. Treatment of excess sweating of the 
palms by iontophoresis. Arch Dermatol. 
1987;123(7):893-6. doi: 10.1001/archderm.123.7.893, 
PMID 3606167. 

41. Stolman LP. Hyperhidrosis: medical and surgical 
treatment. EPlasty. 2008;8:e22. PMID 18488053. 

42. Walling HW, Swick BL. Treatment options for 
hyperhidrosis. Am J Clin Dermatol. 2011;12(5):285-
95. doi: 10.2165/11587870-000000000-00000, PMID 
21714579. 

43. Johnston HH, Herzog JP, Lauler DP. Effect of 
prostaglandin E1 on renal hemodynamics, sodium and 
water excretion. Am J Physiol. 1967;213(4):939-46. 
doi: 10.1152/ajplegacy.1967.213.4.939, PMID 6051192. 

44. Zuo J, Du L, Li M, Liu B, Zhu W, Jin Y. Transdermal 
enhancement effect and mechanism of iontophoresis 
for non− steroidal anti-inflammatory drugs. Int J 
Pharm. 2014;466(1-2):76-82. doi: 
10.1016/j.ijpharm.2014.03.013, PMID 24607207. 

45. Muthusamy A, Gajendran R, Ponnan S, Thangavel D, 
Rangan V. A Study on the impact of hyperhidrosis on 
the quality of life among college students. J Clin Diagn 

Res2016Jun. 2016;10(6):CC08-10. doi: 
10.7860/JCDR/2016/19495.8061, PMID 27504282. 

46. Chia HY, Tan AS, Chong WS, Tey HL. Efficacy of 
iontophoresis with glycopyrronium bromide for 

treatment of primary palmar hyperhidrosisH. J Eur 
Acad Dermatol Venereol. 2012 Sep;26(9):1167-70. 
doi: 10.1111/j.1468-3083.2011.04197.x. PMID 
21812834. 

47. Hölzle E, Ruzicka T. Treatment of hyperhidrosis by a 
battery-operated iontophoretic device. 
Dermatologica. 1986;172(1):41-7. doi: 
10.1159/000249291, PMID 3956820. 

48. Abell E, Morgan K. The treatment of idiopathic 
hyperhidrosis by glycopyrronium bromide and tap 
water iontophoresis. Br J Dermatol. 1974 Jul;91(1):87-
91. doi: 10.1111/j.1365-2133.1974.tb06722.x, PMID 
4855129. 

49. Chia HY, Tan ASL, Tey HL. Efficacy of 

iontophoresis with glycopyrronium bromide for 

treatment of primary palmar hyperhidrosis. 

Aug 03 2011. doi: 10.1111/j.1468-

3083.2011.04197.x. 

50.      Treatment Of Idiopathic Hyperhidrosis With 

Iontophoresis Of Tap Water And Poldine 

Methosulphate Kathkrine Grice, H. Sattar, Harvey 

Baker January 1972 https://doi.org/10.1111/j.1365-

2133.1972.tb01896.x

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
.  

 

https://doi.org/10.1001/archderm.123.7.893
http://www.ncbi.nlm.nih.gov/pubmed/3606167
http://www.ncbi.nlm.nih.gov/pubmed/18488053
https://doi.org/10.2165/11587870-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21714579
https://doi.org/10.1152/ajplegacy.1967.213.4.939
http://www.ncbi.nlm.nih.gov/pubmed/6051192
https://doi.org/10.1016/j.ijpharm.2014.03.013
http://www.ncbi.nlm.nih.gov/pubmed/24607207
https://doi.org/10.7860/jcdr/2016/19495.8061
http://www.ncbi.nlm.nih.gov/pubmed/27504282
https://doi.org/10.1111/j.1468-3083.2011.04197.x
https://www.ncbi.nlm.nih.gov/pubmed/21812834
https://doi.org/10.1159/000249291
https://www.ncbi.nlm.nih.gov/pubmed/3956820
https://doi.org/10.1111/j.1365-2133.1974.tb06722.x
https://www.ncbi.nlm.nih.gov/pubmed/4855129
https://doi.org/10.1111/j.1468-3083.2011.04197.x
https://doi.org/10.1111/j.1468-3083.2011.04197.x
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=GRICE%2C+KATHKRINE
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=SATTAR%2C+H
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=BAKER%2C+HARVEY
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=BAKER%2C+HARVEY
https://doi.org/10.1111/j.1365-2133.1972.tb01896.x
https://doi.org/10.1111/j.1365-2133.1972.tb01896.x



