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Abstract

Context: Inguinal skin is prone to various infectious dermatological conditions such as erythrasma, intertrigo, 
hidradenitis suppurativa, folliculitis, dermatophytic infection, and various sexually transmitted diseases, as 
compared to the skin elsewhere. Aim: Our study attempts to compare the biophysical profile parameters 
(BPPs) of the genital skin with that of the rest of the body, while taking skin of the upper back as control. It also 
attempts to find out if there is a difference in BPPs of the two sites and that how the change in the BPPs, bring 
about change in microbiome and make inguinal skin more prone to infections. Materials and Methods: This 
was a hospital‑based comparative study conducted over 976 patients (600 males and 376 females) of age 
group 18–60 years, where BPP parameters such as hydration, skin pH, transepidermal water loss (TEWL), 
and sebum content were measured over the skin of the upper back and right inguinal region, and the 
results were summarized and presented as proportions (%). Chi‑square test was used to compare abnormal 
findings. P ≤ 0.05 was taken as statistically significant. MedCalc 16.4 version software was used for all 
statistical calculations. Results: Significant difference was noted in skin pH and TEWL, where P value 
came out to be <0.05, which was statistically significant, whereas there was minimal difference in sebum 
content and skin hydration in both the areas, in males and females. Conclusion: Raised skin pH disturbs 
organization of lipid bilayers (disturbed barrier), decreases lipid processing (impaired SC cohesion), 
and increases serine protease activity (reduced AMP). Increased TEWL (defect in physical barrier) and 
decreased hydration predispose the genital skin to infections. Use of pH buffered solutions (3–4), barrier 
repair creams containing ceramides, and barrier protective creams with dimethicone can help prevent 
these inguinal dermatoses.
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INTRODUCTION
Inguinal region is defined as an area enclosed within 
anterior superior iliac spine superolaterally, pubic 
tubercle medially, thighs inferiorly, and bounded by 
anterior abdominal wall anteriorly.[1]

It includes the skin of external genitalia and 
extragenital area.

Inguinal region presents with certain unique and 
perplexing complex characteristics compared to other 
regions of the body.

 Inguinal skin has high concentration of active 
apocrine glands and sebaceous glands (400–900/
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cm2)[2] and also has higher resting body sweat 
of 0.12 mg/cm2 /min as compared to rest of the 
body.[3] Downregulation of neuropeptides such as 
CGRP, substance P and neuronal receptors and 
presence of unique commensal microbiomata are also 
characteristic of inguinal skin.[4]

Bodily skin microbiome is divided into five types:
•	 Type	I:	Corynebacterium species
•	 Type	II:	Acinetobacter and Moraxella species
•	 Type	III:	Staphylococcus epidermidis
•	 Type	IV:	Porphyromonas and Peptoniphilus species
•	 Type	V:	Propionibacterium acnes.

 Whereas inguinal skin is rich in type 1 and 4 
microbiome predominantly sometimes type 5 also 
co‑exists, comprising of Corynebacterium species, 
Porphyromonas and Peptoniphilus species.[5]

Inguinal skin is prone to various sexually transmitted 
diseases and other nonvenereal infections such as 
erythrasma, folliculitis, and dermatophytosis.

Biophysical profile is the study of physiological 
functions of skin, where the Parameters studied are 
a)Skin hydration which measures the water content 
of skin, b)Transepidermal water loss (TEWL) which 
represents the integrity of physical barrier of skin. 
c)Skin pH stands for the amount of acidification 
of skin, and d)Sebum content which measures the 
secretory function of skin.

This study was undertaken to find out the normal 
physiological parameters of inguinal region and how 
they are different from that of the rest of the body 
to make the skin of inguinal region more prone to 
infections.

MATERIALS AND METHODS
This was a hospital‑based, comparative, 
cross‑sectional study conducted at the Department 
of dermatology at a tertiary care center in Northern 
India. Ethical clearance was taken from the 
institutional ethical committee, and informed 
consent was taken from each participating subject. 
The study duration was 6 months (January 
2019–June 2019) where consenting 976 patients 
attending the dermatology outpatient department 
with diseases other than inguinal dermatosis and 
accompanying attendants (600 males, 376 females) 
of age group of 18–60 years were included. Only 
those subjects who had not applied any topical 
medications for at least 3 weeks were included in 
the study.

Biophysical parameters including skin hydration, skin 
pH, TEWL, and sebum content were measured. For 
the measurement of skin hydration, Corneometer 825 
was used and the reference value of 45 was taken as 
the normal/sufficient hydration of the skin where all 
values below 45 were considered abnormal and the 
skin was rendered as insufficiently hydrated/dry.[6]

pH is the power of hydrogen of the skin and 
is maintained between 4.5 and 5.5, which is 
responsible for maintaining homeostasis. Here, pH 
meter 905 E was used to measure pH of the skin 
where the cutoff value of 5.5 was taken as the 
upper limit,  all values above that were considered 
as abnormal.[7]

TEWL was measured using Tewameter TM300 where 
10–25 g/h/m2 was taken as normal range, and the 
values above 25 were rendered abnormal, which 
signified increased TEWL.[8]

 Sebum content was measured using Sebumeter 
815 where the normal range for inguinal area and 
skin of upper back were 55–130 μg/cm2, areas with 
values >130 μg/cm2, were considered to have a high 
sebum content.[9]

All the instruments used in the study were supplied 
by Courage and Khazaka, Germany.

The above‑mentioned parameters were measured in 
all subjects from the right inguinal region and were 
compared with the readings from the skin of the 
right upper back of the same subjects.

Upper right back was chosen for comparison because 
it has similar glandular composition as that of 
inguinal area and is more accessible for measurement.

Biophysical profile parameters were measured 
according to international guidelines given by the 
5th International Conference on Occupational and 
Environmental Exposure of Skin to Chemicals for 
their in vivo measurement.[10]

Procedure
The instrument was turned on 15–30 min prior 
to taking readings. According to the guidelines, 
study participants were acclimatized with the 
measuring environment for a period of 15–30 min 
at an ambient temperature of 20°C–22°C and 
relative humidity of 50% to avoid errors caused by 
environmental temperature or sweating. Areas under 
study were also exposed to ambient air for at least 
10 min prior to measurement.[11]



Bhargava, et al .: Measuring biophysical profile parameters of inguinal skin- a window into the barrier function study!

Indian Journal of Sexually Transmitted Diseases and AIDS Volume 42, Issue 1, January-June 2021 9

The data thus collected were entered into an MS 
excel spreadsheet to prepare the master chart.

RESULTS
The results were summarized and presented as 
proportions (%). Chi‑square test was used to 
compare abnormal findings. P ≤	 0.05	was	 taken	
as statistically significant.  Medcalc 16.4 version By 
Medcalc software ltd.(Belgium) software was used for 
all statistical calculations. The data collected were 
fed into a table [Table 1].

The study included 600 male and 376 female 
subjects comprising age group of 18–60 years.

Raised pH was observed in 776 subjects 
(79.51%) – 476 males (79.33%) and 300 females 
(79.79%) over inguinal skin, whereas, raised pH 
over upper back was observed in 41 subjects 
(4.20%) – 26 males (4.33%) and 15 females (3.99%), 

with the cumulative P value being <0.001 
[Figure 1].

TEWL was found to be raised in 192 
subjects (19.67%) – 100 males (16.67%) and 
92 females (24.47%) over inguinal skin, whereas 
only 4 subjects (0.41%) – 2 males (0.33%) and 
2 females (0.53%) – showed raised TEWL over skin 
of back, with the cumulative P < 0.001 [Figure 2].

Sebum content was raised in 812 
subjects – 500 males (83.33%) and 
312 females (83.98%) over inguinal skin, whereas 
it was raised in 822 subjects – 476 males (79.33%) 
and 346 females (92.02%), where the P value was 
0.581 [Figure 3].

Subcorneal hydration was decreased in 54 subjects 
(5.53%) – 26 males (4.33%) and 28 females 
(7.45%) over inguinal skin, whereas only 79 
subjects (8.09%) – 37 males (6.17%) and 42 females 
(11.17%) – showed decreased subcorneal hydration over 
the skin of the upper back. P value was <0.031 [Figure 4].

Figure 1: Graph - Comparing raised pH between the skin of inguinal area 
and skin of upper back

Figure 2: Graph - Comparing raised transepidermal water loss between 
skin of inguinal area and skin of upper back

Figure 3: Graph - Comparing raised sebum content between skin of 
inguinal area and skin of upper back

Figure 4: Graph - Comparing decrement in subcorneal hydration 
between skin of inguinal area and skin of upper back
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P value was statistically significant, i.e., <0.005, 
when TEWL and skin pH of genital skin were 
compared with that of upper back.

These results suggested that genital skin has higher 
pH and more TEWL compared to other areas of 
body.

DISCUSSION
Skin is the largest organ and forms the outer 
layer of the body, which comes in contact with 
environmental toxins and infections; it acts as 
the primary line of defense of the body. Skin 
has physical, chemical, microbiological, and 
immunological barriers.[12]

Physical barrier – The brick and mortar arrangement 
of stratum corneum which is made of corneocytes and 
lipid rich matrix present in between them, makes skin 
impenetrable to the external insults. Tight junctions 
among keratinocytes along with keratohyaline granules, 
filaggrin proteins and arrangement of keratin filaments 
in stratum granulosum form a barrier against water 
and solutes.[13]

Any disruption in physical cohesion among skin 
layers is reflected in the TEWL and subcorneal 
hydration.

 Chemical barrier is formed by natural moisturizing 
factors and lipid matrix of the SC mainly comprising 
lipids from three distinct classes – cholesterol, free 
fatty acids, and ceramides – densely packed and 

stacked in a 3D structure.  Lipid bilayer provides a 
physical layer of protection and help maintaining the 
integrity of barrier.[14]

Normal skin pH of 4.5–5.5, is slightly acidic 
in nature. It makes up the chemical barrier by 
organizing the lipid bilayer and by contributing to  
desquamation of the SC,and manages antimicrobial 
defence by regulating serine proteases. This 
acidification is maintained by generation of free 
fatty acids, breakdown of filaggrin, and lamellar 
body secretion.[15]

Microbiological barrier is formed by the antimicrobial 
peptides which are sequestered from the lamellar 
bodies of stratum granulosum, e.g., ‑ HBD1, 
secreted in all layers of epidermis and have 
potent antimicrobial activity against bacteria and 
fungus. RNAse 7 produced in high concentrations 
in stratum corneum prevents the colonization of 
Staphylococcus aureus. CXCL14 chemokine again 
has inhibitory action against bacteria and fungi. 
Other AMPs that help maintain homeostasis are 
cathelicidin LL37, S100A7, psoriasin, and calprotectin. 
AMPs are under the influence of acidic pH of skin, 
and shift of pH to alkaline side leads to decreased 
activity of AMPs, which makes the skin more prone 
to infections.[16] Furthermore acidic pH ensures that 
normal flora S. epidermidis and Corynebacterium 
thrive and inhibits the growth of S. aureus, and 
Streptococcus pyogenes.  Immunological barrier ‑ The 
above discussed barriers provide skin’s first interaction 
with the insults from the environment. Any breach 
in any of these barriers will lead to entry of the 
microbes/allergens inside, which are then checked by 
the immunological barrier of the skin, which is formed 
by the antigen‑presenting cells, innate lymphoid cells, 
adaptive memory cells, skin associated lymphoid 
tissue, chemokines, cytokines, and AMPs in action. 
All of these work in harmony and generate a T‑cell 
response.[17]

 Skin pH again plays a central role here as higher pH 
shifts the T‑cell response toward the TH2 and TH17 
response that secrete bad cytokines – interleukin (IL) 
4, IL 5, IL 13 IL 17A, IL 33[18] [Figure 5].

Inguinal skin pH was found to be less acidic in our 
subjects; it first disturbs the organization of lipid 
bilayers, which disturbs the physical barrier; second 
decreases the lipid processing, which impairs the 
cohesion between keratinocytes; and finally increases 
the serine protease and kallikrein (KLK5) activity, 
which reduces the antimicrobial activity leading 
eventually to increased susceptibility to dryness and 
infection.[19]

Table 1: Biophysical profile parameters – 
transepidermalwaterloss, skin pH, stratum 
corneum hydration, sebum content being 
compared between skin of inguinal area and skin 
of upper back
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Our subjects also showed raised TEWL, which 
represents disruption in the physical barrier of skin, 
leading to more invasiveness of microbes.

The inguinal skin is subjected to various external 
insults such as excessive sweating, trauma by 
rubbing, chronic occlusion, and poor hygiene, 
which can further add to the results observed and 
susceptibility to infections.[20]

Following the age old policy of prevention is better 
than cure; the following recommendations can 
go a long way in prevention of inguinal sexually 
transmitted diseases and nonvenereal dermatosis.

Moisturizers which hydrate the skin and act as barrier 
agents containing occlusive‑petrolatum and paraffin, 
humectants, and emollients should be regularly used 
in inguinal region to maintain the integrity of skin. 
Moisturizers in addition to restoring SC hydration also 
reduce cytokine production, mast cell hypertrophy and 
degranulation, and epidermal hyperplasia.[21]

Barrier repair creams constituting physiological 
lipids containing ceramides, cholesterol, and free 
fatty acids in a ratio of 3:1:1 do not form an 
occlusive layer in contrast to moisturizers, but they 
amplify lipid production and delivery to subcorneal 
intercellular spaces and replenish the lamellar 
bilayers that are critical for normal barrier function 
and antimicrobial property.[22]

Further, the creams containing these three physiological 
lipids exhibit anti‑inflammatory activity by inhibition 
of pathogen colonization with a reduction in attendant 
superantigen initiated inflammation, activation of two 
key lipid processing enzymes – β glucocerebrosidases 
and acidic sphingomyelinase.

Free fatty acids in these creams can activate 
peroxisome proliferator‑activated receptors, which 
contribute to normal barrier functions.[23] Hence, use 
of these lipids should be routinely recommended in 
the inguinal area.

Barrier creams containing petrolatum and 
dimethicone can also be used in these regions.[24]

As previously discussed, increased skin pH 
predisposes inguinal skin to infections, hence 
educating the patients with recurrent inguinal 
dermatosis regarding the use of buffered solutions 
of pH ranging 3–4 like emulsions, made of a 
mix of glycolic acid, ammonia and water,[25] and 
acidification of inguinal region by newer methods 
such as use of acidic syndet bars and cleansers 
containing lipohydroxy acid can help ameliorate 
recurrent inguinal dermatosis.[26]

Use of loose fitted cotton clothes and friction and 
trauma prevention by use of antihistamines to 
interrupt the itch‑scratch cycle in various inguinal 
dermatosis can help in preserving the physical 
barrier.[27]

Hygiene maintenance by properly grooming 
the inguinal area using safe grooming practices 
can help preventing sexually transmitted 
infections (STIs).[28]

Newer and next‑generation barrier repair therapies 
aiming at lowering the skin pH such as KLK5 
inhibitors and alpha 1 antitrypsin inhibitor or 
soyabean trypsin inhibitor can be used in patients 
with recurrence.[29]

We have also seen that lamellar body secretion and 
degradation helps in maintaining acidic skin pH. 
Plasminogen activator receptor (PAR) 2 can block 
lamellar body secretions. Hence, PAR2 inhibitors 
could be part of future therapies in the prevention 
of frequent infections of inguinal area.[30]

Looking into the growing armamentarium for 
preserving barrier functions of skin, we can feel 
that our present and future holds a great promise in 
the prevention of genital venereal and nonvenereal 
infections.

Dermatophytic infections, particularly tinea cruris, 
has assumed epidemic proportions in India. A lot of 
reasons have been given for its recalcitrant nature. 
A recent study by Bhargava et al.[31] on recalcitrant 
tinea infections, established barrier function defect 
as the chief pathogenic mechanism of resistant tinea 

Figure 5: Impact of raised skin pH on different barriers of skin
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infections in the form of abnormalities in BPPs, we 
had anticipated that raised TEWL is a marker of 
Recalcitrant Tinea. We had also stated that we are 
not sure whether the defect in TEWL is primary or 
is a result of specific fungi. The above study clearly 
states that abnormal TEWL does exist in inguinal 
skin and this primary defect can be ameliorated 
by the above‑mentioned measures. However, the 
secondary fungal specific defect cannot be ruled out.

CONCLUSION
Tthe present study shows that a primary skin barrier 
function defect exists in skin of inguinal area. 
Focusing and treating this defect by simple measures 
can go a long way in preventing sexually transmitted 
and non‑STIs.

Limitations of the study
1. Inherent gender disparity in the study because 

the area under examination was bathing suit 
area, hence lesser participation from females was 
observed

2. Age‑related barrier dysfunction was not taken into 
account in this study

3. We could not find any similar study for comparison 
in inguinal skin.
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