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Effect of Pseudomonas Aeruginosa Extract on Human Blood Cells

Abstract

This study was conducted to observe the effect of Pseudomonas aeruginosa extract on different human
blood cells with different interval of time. Venous blood was collected from laboratory personnel in EDTA
tube. Pseudomonas aeruginosa was isolated from different clinical samples. 20 different isolates were cultured
on fresh nutrient agar after 24 hours of incubation at 370C. Isolates were centrifuged. The bacteria were
resuspended in cold Sterile Distilled Water (SDW) and disrupted by sonication on ice for three times after
1 min intervals. Extract filtered through 0.22 µm Millipore Millex. Extracts were incubated with human
blood. After  incubation time, blood was used to observe effect on extract, on cells in cell counter. This study
shows the effect of Pseudomonas aeruginosa extract on human blood cells.   In this study, 20 Non­duplicate
isolates of Non­MDR, MDR and PDR Pseudomonas aeruginosa were tested. Blood Sample (Heparinized
venous blood) was collected in EDTA tube from healthy personnel. Bacterial isolation and further processing
of extraction of toxin was done as per the standard procedure. Significant difference of Pseudomonas aeruginosa
extract of all three groups was seen on human blood cells. Effect of extract was same on blood cells at
particular interval of time.

Keywords: Pseudomonas Aeruginosa; Extract; Venous Blood; Blood Cells; Toxin Effect.

©Red Flower Publication Pvt. Ltd.

Introduction

P. aeruginosa is a non­fermentative Gram negative
bacteria widely distributed in nature and can survive
on a wide variety of surfaces and in hospital
environment [1].

Pseudomonas aeruginosa is known to cause a wide
spectrum of diseases. It can infect almost any external
site or any internal organ, and therefore can be isolated
from various clinical samples such as pus, sputum,
urine, blood etc [2,3].

Pseudomonas aeruginosa is a leading cause of
nosocomial as well as wound infections such as burn
wounds. It is responsible for 10% of all hospital­
acquired infections. Infections caused by P. aeruginosa
are often severe and life threatening and are difficult
to treat because of the limited susceptibility to
antimicrobial agents and the high frequency of an
emergence of antibiotic resistance during therapy
thus resulting in severe adverse outcomes [4,5].

Pseudomonas aeruginosa acquired resistance to
readily conventional antimicrobials following

intensive use of antimicrobials [6]. It can be
categorized as Multi­drug resistant (MDR) and Pan­
drug resistant (PDR).

Multi­drug resistance is defined as non­
susceptibility to at least one agent in three or more
antimicrobial categories [7].

Pan­drug resistance is defined as isolates
intermediately­resistant or totally resistant to all
antimicrobial agents available for clinical use
according to routine disk diffusion susceptibility
results [8,9].  The prefix “pan” has its origin in the ancient
Greek language, meaning “all” or “whole” [10].

Toxigenesis or the ability to produce toxins is an
underlying mechanism by which many    bacterial
pathogens produce disease [11]. Toxins are virulence
determinants that play an important role in microbial
pathogenicity and evasion of the host immune
response. This makes them ideal targets for the
development of novel antimicrobial strategies. The
potential applications of toxin research extend
beyond simply combating microbial pathogens and
include use as novel anti­cancer drugs and other
front­line medicines and as tools in neurobiology [12].
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Materials and Methods

Bacterial Extract Preparation [13]

Collection of Blood Sample

Heparinized (20 ml) venous blood was collected
in EDTA tube from healthy personnel.

Procedure

The bacterial population isolated from aqueous
extracts. The bacteria were removed from the culture
medium by centrifugation at 10,000 rpm for 1 hour.
The bacteria were further processed, using one of the
following a procedure:

In this procedure, the bacteria were resuspended
in cold Sterile Distilled Water (SDW) and disrupted
by sonication on ice for three times after 1 min
intervals. This was followed by centrifugation at
10,000 rpm for 1 hour and lyophilisation of the pellet
and supernatant and finally filtered through 0.22 µm
Millipore Millex.

Effect of Extract on Blood Cells

In this study, 10 Non­MDR, 08 MDR and 02 PAN­
drug resistances of Pseudomonas aeruginosa (PSA)
isolates were tested.

Procedure

1. Run 0.5ml blood samples (normal blood) in
coulter counter from  EDTA tube, considered as
positive control.

2. Add 0.2 ml extract in 2 ml blood for MDR and
Non­MDR PSA isolates and incubate at 370C for
1 hour.

3. Take first reading of the entire sample in coulter
cell counter after 1hour incubation.

4. Incubate the entire sample for 2 hours at 370C.

5. Take second reading of entire sample.

6. Incubate the entire sample for 3 hours at 370C.

7. Take third reading of entire sample.

Results

Parameter Control At 1 Hour At 2 Hour At 3 Hour P value 

WBC Count 6.8 5.57(0.25) 4.5(0.28) 3.51(0.28) < 0.001 

Hb Content 14.8 12.2(0.29) 10.54(0.26) 9.24(0.18) < 0.001 

Platelet Count 15.4 13.15(0.09) 11.66(0.36) 10.18(0.2) < 0.001 

Table 1: Descriptive statistical analysis of in vitro effect of Non­MDR Pseudomonas aeruginosa
extract on human blood cells

** Significant at 1 % level, Units: WBCs: 103/mm3, Hb: gms/dl, PLTs: 104/ mm3, MDR: Multi Drug
Resistance

Table 2: Descriptive statistical analysis of in vitro effect of MDR Pseudomonas
aeruginosa extract on human blood cells

** Significant at 1 % level, Units: WBCs: 103/mm3, Hb: gms/dl, Platelets: 104/ mm3, MDR: Multi Drug Resistance

Table 3: In­vitro effect of PDR Pseudomonas aeruginosa extract on human blood cells

** Significant at 1 % level, Units: WBCs: 103/mm3, Hb: gms/dl, Platelets: 104/ mm3, PDR: Pan­Drug Resistance

Parameter  Control  At 1 Hour  At 2 Hour  At 3 Hour  P value  

WBC Count 6.8  5.2(0.6)  4.2(0.47)  3.1(0.59)  < 0.001  

Hb Content 14.8  12.31(0.28)  9.97(0.58)  8.65(0.48)  < 0.001  

Platelet Count 15.4 12.45(0.6) 11.16(0.7) 9.47(0.46) < 0.001

Parameter  Control  At 1 Hour  At 2 Hour  At 3 Hour  P value  

WBC Count  6.8  5.65(0.15)  4(0.1)  2.9(0.1)  < 0.001  

Hb Content  14.8  11.5(0.7)  9.9(0.8)  8.7(0.4)  < 0.001  

Platelet Count 15.4  12.15(1.0)  10.95(0.85)  9.6(0.3)  < 0.001  

Fig. 1: In­vitro effect of Non­MDR Pseudomonas aeruginosa
extract on human blood cells

Units: WBCs: 103/mm3, Hb: gms/dl, Platelets: 104/ mm3,
MDR: Multidrug Resistant Pseudomonas Aeruginosa.

Satish P. Dipankar et. al. / Effect of Pseudomonas Aeruginosa Extract on Human Blood Cells
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Fig. 2: In­vitro effect of MDR PSA extract on human blood cells

Units: WBCs: 103/mm3, Hb: gms/dl, Platelets: 104/ mm3, MDR, MDR: Multidrug
Resistant

Fig. 3: In­vitro effect of PDR PSA extract on human blood cells

Units: WBCs: 103/mm3, Hb: gms/dl, Platelets: 104/ mm3, MDR, MDR: Multidrug Resistant

Discussion

Effect of Pseudomonas Aeruginosa Extract on Blood
Cells

Aldona Baltec et. al. (1985), New York, studied effect
of Pseudomonas aeruginosa cytotoxin on human serum
and granulocyte. It was found that the lytic effect of
Pseudomonas aeruginosa on Neutrophils was directly
related to the concentration of cytotoxin and time of
exposure [14].

Pseudomonas aeruginosa cytotoxin was found to
agglutinate human erythrocytes in addition to its
erythrocyte­agglutinating activity [15]. Therefore in
present study we studied the effect of cytotoxin on
hemoglobin content instead of effect cytotoxin of
RBC count.

In the present study, effect of Pseudomonas

aeruginosa extract showed rapid effect on blood cells

in both MDR PSA and Non­MDR PSA.

Cell counts and hemoglobin content were

decreasing steadily for interval of time in all three

groups; MDR PSA, Non­MDR PSA and PDR

which is statistically significant. This proves the

cytolytic effect of Pseudomonas aeruginosa extract

of blood cells.

Burn patients having bluish green discharge from

their wounds is the most common and most serious

life threatening infection; such patients require

treatment with combination of higher antibiotics. In

spite of such a massive treatment patients may not

survive because of hemolytic effect of pseudomonas

toxin.

Satish P. Dipankar et. al. / Effect of Pseudomonas Aeruginosa Extract on Human Blood Cells
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 Conclusion

Effect of extract of Non­MDRPA, MDRPA and
PDRPA on human blood cells was studied.

Extract caused significant decrease in blood cells
with respect to time interval.

Cytolytic effect of Pseudomonas aeruginosa extract
contains cytotoxin produced by organism plays
important role in pathogenesis of sepsis and
opportunistic infections.

In spite of aseptic precautions; infection with
Pseudomonas aeruginosa is frequently seen as this
microorganism is highly resistant to antibiotics also
mechanisms of pathogenesis are not clearly
understood. Therefore this study suggest that along
with combination of higher antibiotics whole blood
transfusion should be given which will help the
patient to withstand patient’s immunity and mortality
rate of patients infected with pseudomonas may
decrease. This study also suggests need of further
detail research to overcome the island of Pseudomonas
aeruginosa resistance. Immunotherapy in human
burns cases with antiserum to Pseudomonas aeruginosa
may be useful. Further research study should be done
to find out pathogenesis of infection caused by
Pseudomonas aeruginosa also to find out Pseudomonas
aeruginosa vaccines to combat this life threatening
microorganism.
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Correlation of Static Lung Function with Fat Free Mass &
Fat Free Mass Index

Abstract

Static Lung Functions: besides physiological measurements, help in the diagnosis of underlying lung
disease. It can be used to determine the severity of respiratory muscle involvement in neuromuscular disease,
and can guide treatment decisions in several diseases too. This is a pioneering study to assess the correlation
of fat free mass index(FFMI) with the static lung function instead of Body Mass Index(BMI). BMI can be
misleading as it does not distinguish between the fat & muscle compartment.  So, the aim of our study is to
establish that FFMI should be used as reference variable for assessment of static lung functions rather than
BMI.

Keywords: Static Lung Function; Fat Free Mass; Fat Free Mass Index; Body Mass Index.
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Introduction

The belief, that weight shows little or no
correlation with pulmonary function measurements
[1], has been abandoned and Body Mass Index (BMI)
is used as reference variable for various lung
functions. Several studies have shown that elevated
BMI is associated with impaired Pulmonary Function
Parameters [2]. But BMI has limitation of not
distinguishing between Body Fat & Body Fat Free
Mass (FFM) [3]. Fat free mass includes muscle, bone,
water & blood. Fat percentage is independent of
stature and FFM resembles body mass as it is
correlated with stature. The association is reduced or
eliminated by expressing FFM as Fat Free Mass Index
(FFMI).

FFMI= FFM/Stature2

Measurement of static lung function, provide detail
information regarding the functional status of lung
& are determined by the elastic properties of lung.
The result is used as an aid to diagnosis, for
monitoring the progression of disease, or for the
evaluation of therapy. Effect of obesity on respiratory
function [2,4,5] has been established in various
previous studies. This study is undertaken to assess
if correlation of PFT exists with body fat percentage,

FFM, FFMI and whether it is possible to establish them
as lung reference variable.

Methods

The study was conducted on apparently healthy
150 medical students (85 males, 65 females) aged
between 17 and 24 years. The experimental protocol
was explained and written. Informed consent was
obtained from all the volunteers. The Institutional
Ethical Committee has approved the study, conducted
between October 2010 and August, 2012. The subjects
with history of smoking, asthma, any other past/
concurrent pulmonary diseases, and any other
systemic diseases were excluded from the study. The
study was conducted after 2 hours of light breakfast.
To avoid circadian variation [6,7] all study were
conducted between 10 am to 12 noon.

All anthropometric measurements such as age, sex,
height and weight were recorded. Body weight was
recorded in kilograms on empty bladder and wearing
light weight clothing and bare foot with “Prestige
Digital Weighing Scale”. Standing height was
recorded using “stadiometer” to the nearest 0.1cm.
Waist circumference and Hip circumference were
measured using measuring  tape. Waist by hip ratio

International Physiology
Vol. 4 No. 1, January ­ June 2016

DOI: https://dx.doi.org/10.21088/ip.2347.1506.4116.2
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was calculated. BMI was calculated using Quetlet’s
Index8­BMI=Weight (in kg)/{Height(in meters)}2

The body fat percentage was measured by
“Bioelectric Impedance” analysis technique using
‘OMRON Body Fat Monitor (HBF­306)’. Now FFM
(100­Fat% × body weight) and FFMI (FFM/Ht2) was
calculated.

Pulmonary Function were recorded, on a window
based “Flowhandy ZaN 100 USB & ZaN. GPI. 3xx”,
Germany, according to American Thoracic Society
Guidelines [9].

Results

Observed finding are depicted in the Tables (1­4)
and diagram (1­2).

Distribution According to Gender

Out of 150 subjects, 85 are males(57%) and 65 are
females(43%) as depicted in Diagram  1

Only BMI was found to be homogenous in both
males and females. This is also depicted in the bar
diagram in Diagram  2.

Analysis was done using GraphPad Prism 6.0.
Unpaired t­test, correlation and linear regression
equation was used for the analysis.

The static lung values were found to be
significantly different on Unpaired t­test.So, the male
and female lung functions were compared separately
with their respective body composition to avoid

 Males  Females  

HEIGHT(In cm)  165.55 ± 5.8608  154.1158 ± 6.109  

WEIGHT(In kg)  64.706 ± 11.7838  56.8153 ± 11.387  

WAIST CIR(In inches)  31.846 ± 2.9081  30.118 ± 4.147  

HIP CIR.(In inches)  36.984 ± 2.629  35.781 ± 3.853  

WAIST/HIP RATIO  0.8606 ± 0.04819  0.841 ± 0.061  

BMI (kg /m )
2

23.5108 ± 3.7207  23.9015 ± 4.4875  

BF%  22.946  ± 5.1178  31.14 ± 6.125  

FFM (kg) 49.4012 ± 6.7735  38.481 ± 4.816  

FFMI (kg /m )
2

17.984 ± 1.9372  16.1866 ± 1.657  

gender related variations.

Table 3 shows the various correlation coefficients
of all the obesity markers like, BMI, BF%, Waist to hip
ratio and muscularity or fitness markers like, FFM
and FFMI and they are correlated with each static
lung functions of males individually. This table shows
that FFM followed by FFMI has highest correlation
coefficients for all Static lung values except ERV
which has highest significant negative correlation
coefficient with BF%. BMI though significant but does
not have highest correlation coefficient for any static
lung function.

TV does not have significant relationship with any
of the parameters.ERV has significant negative
relationship with all body composition parameters
except for FFM and W/H which does not have any
significant correlation. ERV has highest negative
correlation coefficient with BF% and BMI. IRV & IC
has highest significant ‘Pearson R’ value for FFM
followed by FFMI, Waist and Hip ratio, though all
parameters have significant correlation with IRV and
IC, but IC has insignificant correlation with W/H
ratio. VC has significant positive correlation with
FFM, whereas insignificant relation exists with all
other parameters.

Table 1: Anthropometric parameters (Mean ± SD)

Diagram 2

Diagram 1

Swikruti Behera & Bipin Bihari Pradhan / Correlation of Static Lung Function with
Fat Free Mass & Fat Free Mass Index
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(P < 0.05significant)

Table 2:

Males  Females  p -value(Unpaired t)  

ERV (In litres) 1.14837 ± 0.398798  0.833846 ± 0.311861  < 0.0001  

IRV (In litres) 2.323587 ± 0.48605  1.691692 ± 0.357657  < 0.0001  

TV (In litres) 0.578152 ± 0.291529  0.481231 ± 0.207539  < 0.0001  

IC (In litres) 2.902065 ± 0.544876  2.172769 ± 0.370976           0.0236  

VC (In litres) 4.047609 ± 0.528543  3.006769 ± 0.423142  < 0.0001  

Table 3: Correlation coefficients/pearson R (males)

 BMI BF% FFM FFMI WHR 

VC 0.2483 0.1144 0.5789 0.3289 0.2665 

TV 0.2758 0.1830 0.3074 0.2412 0.06207 

ERV ­0.4775 ­0.4960 ­0.1703 ­0.3574 ­0.1689

IC 0.6021 0.4853 0.6891 0.5884 0.3792 

IRV 0.5131 0.4366 0.5913 0.5185 0.3889 

(All the values in bold are significant values, i.e. p <0.05)

Table 4: Correlation coefficients (females)

 BMI BF% FFM FFMI W/H 

VC 0.03225 0.04842 0.4491 0.06648 0.1034 
TV 0.06460 0.1292 0.05422 0.002313 0.1449 

ERV ­0.3698 ­0.3697 ­0.05877 ­0.3109 ­0.03205 
IC 0.3477 0.3664 0.5614 0.3364 0.1449 

IRV 0.3217 0.3040 0.5472 0.3464 0.07816 

(All the figures in bold letters are Significant, i.e. p<0.05)

Discussion

Anthropometric Parameters: Table à1,Diagram
à1&2 In our study on 150 subjects out of which 85
were males and 65(43%) were females. We have
studied young healthy (17­24 years) subjects for the
study. The number of volunteers studied was quite
high compared to many workers. Lynell C & Phillip
D (1995) [10] had conducted their study on 44
firefighters. Anuradha R et al, 2008 [11] studied on
132 males and females overweight students of age
group 18­21 years. But here we have taken subjects of
random stature irrespective of their BMI and body
weight. Ceylan and co­workers, 2008 [12]  studied
only 53 volunteers. Lorenzo and co workers,2001 [13]
studied on 30 obese adults.

Lorenzo and co workers, 2001 [13] and Anuradha
R et al, 2008 [11] studied on obese adults. Nicholas S
H and co­workers, 2007 [14] studied on 64 patients
with stable COPD. Whereas we have studied healthy
adults having BMI within normal range.

Mean Static Lung Function Tests

The male and female lung functions were
compared separately with their respective body
compositions to avoid gender related variations.Our
views agree with the studies by Cotes et al [15], Hibert
et al [16], Rosenthal et al [17] and Gibson et al [18].

Static Lung Function in Males

The correlation of ERV agrees with the findings
ofAnuradha R et al 2008 [11], Ceylan and co­workers,
2008 [12] and Cotes et al (2001) [19]. They have
discovered negative correlation of ERV with BF%. This
proves the explanation that increased fat percentage
in body leads to displacement of air by fat within
thorax and abdomen [19].

But Contrary to the finding of Anuradha R et al
2008 [11], Ceylan and co­workers, 2008 [12] and Cotes
et al (2001) [19] VC does not have negative correlation
with BF%. Instead BF% does not have significant
correlation with VC. But since VC can be increased
with effort, it relates very significantly with Fat Free
Mass (FFM) which coincides with the findings of
Lorenzo and coworkers [13] and Ceylan and co­
workers, 2008 [12] that  loss of Fat Mass improves VC
and Fat Free Mass has positive correlation with VC.

Waist and hip circumference showed positive
correlation with all static parameters except ERV,
which does not agree with the finding of Lorenzo
and coworkers [13], Heather and co­workers, 1990
[20], Enzi et al,1990 [21] and Muls et al,1990 [22].
It may be because we have taken young adults with
normal BMI contrary to obese  subjects taken for study
by the others.

FFMI had shown significant contribution towards
IC as seen in study by Cotes et al, 2001 [19]. Our study
shows the same but here FFM is found to have most
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significant correlation factor followed by FFMI.

IRV and TV have not been studied much. Anuradha
R et al, 2008 [11] had found no correlation with BF%.
In our study we have also found TV has no significant
correlation with BF%. But all these static lung values
are effort dependent and their positive correlation with
FFM proves the same.

Ray and co­workers, 1983 [4], Francoise and co­
workers, 1993  [23] and Jones and Mary Magdalene,
2006 [2] observed that ERV and VC dropped
significantly as BMI increased.

Static Lung Function in Females

Our study agrees with the study of Jones and Mary
Magdalene, 2006 [2], Ray and co­workers, 1983 [4],
Anuradha R et al, 2008 [11], andCeylan and co­
workers, 2008 [12],where ERV had negative
correlation with BF% and BMI , in females. But Ray
and co­workers, 1983 [4] and Jones and Mary
Magdalene, 2006 [2] observed that more increase in
BMI will only lead to deterioration of lung functions
like VC. W/H ratio was negatively correlated with
static functions which is not the case in our study.
This may be because we have not taken overtly obese
girls for our study.

IC and IRV are not much studied in females, where
we have found highly significant positive correlation
with FFM which shows that, decline in fat free mass
is associated with worsening of lung function [24].

Hence, neither BMI nor waist hip ratio can be
considered as a reference variable. But BF% and Fat
Free Mass (FFM) and Fat Free Mass Index (FFMI) can
be considered as a consistent reference variable for
static lung functions.

These observations show that changes in both fat
and muscle can affect lungs; however, they can have
opposite effect on VC and other indices so that when
together considered as mass they can cancel each
other out [19].

Conclusion

Static lung parameters have highest significant
positive correlation with Fat Free Mass and Fat Free
Mass Index, except ERV which has highest and
significant negative correlation with Body Fat % in
both males and females.

This study supports the view of the studies that
respiratory muscle strength has effect on respiratory
function [25,26].  As FFM & FFMI are direct

assessment of muscle amount, so, increasing FFM by
various exercises may prove to be useful in improving
respiratory function rather than just losing weight.

Making allowances for body composition can
improve the accuracy and biological relevance of
reference equation for lung function [5]. The use of
anthropometric and skinfold measurements has been
criticised as being  unreliable and inaccurate; they
are unable to adequately assess adiposity and are
liable to operator bias [27]. Limited usefulness of BMI
should be taken into consideration and FFM & FFMI
should be used as reference variable. Measurement
of FFM by ‘Bioelectrical Impedance’ method is
accurate, inexpensive, reliable, simple, safe and non­
invasive technique for use in lung function
laboratories [28, 29].
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Correlation Between Age, Gender and Brainstem
Auditory Evoked Potential

Abstract

Brainstem auditory evoked potential is a physiological technique for evaluation of auditory pathway. A
number of electrical potentials can be recorded from the human scalp following acoustic stimulation. The
potentials which occur within 10 msec of the stimulus onset termed the brain stem auditory evoked potentials
(BAEPs). Latency appears to be the most stable measure and in consequence knowledge of the exact limits
of normal latency of each wave is important. Since age and sex effects on central conduction time in the
acoustic pathway are still debated, the following study was conducted to investigate possible age and sex
differences in BAEP component latencies in younger and older male and females, total 60 of age 21­30yrs
and 51­60 yrs respectively, The absolute peak latency of waves I, & V and interpeak latency of wave’s  I­III,
& I­V in younger and older age group male and females are analyzed. The data was statistically compared
between the different age groups and between the males and females and regression analysis was done.
Absolute latencies of the waves I, and V and the interpeak latency of the waves, I­III and I­V showed
significant increase with age, thus suggesting degenerative changes in the auditory pathway and synaptic
delay. There were significantly increased values of the latencies of the waves I, and V and interpeak
latencies of the waves, I­III, I­V in males as compared to the females. Thus, age and sex have an effect on
latency and interpeak latency in Brainstem auditory evoked potentials.

Keywords: Auditory Evoked Potential; Interpeak Latency; Age and Sex.

©Red Flower Publication Pvt. Ltd.

Introduction

Evoked potentials provide a useful tool for
neurophysiological research [1]. It is the record of
electrical activity produced by groups of neurons
within the spinal cord, brainstem, thalamus or
cerebral hemispheres following stimulation of one or
another specific system by means of visual, auditory,
or somatosensory input. Brain stem auditory evoked
potential (BAEP) recording is a physiological
technique for evaluation of auditory pathway.  BAEPs
are the electrical activities resulting from the
activation of the eighth nerve, cochlear nucleus, tracts
and nuclei of the lateral lemniscuses and inferior
colliculus [2]. These waves are generated at the
following points of the auditory pathway: Wave I­
Cochlear nerve, Wave II­ Cochlear nuclei, Wave III­
Superior olivary nucleus, Wave IV­ Lateral leminiscus

and Wave V­  Inferior  collicus. The clinical
applications of BAEP consist of identification of
neurological abnormalities in the VIIIth nerve &
auditory pathways of brainstem and the estimation
of hearing sensitivity. It is a measure of neural
synchrony of the time­locked, on sensensitive,
single­unit activity in the auditory nerve and the
brainstem [3].

AEP is affected by factors like age, gender ,head
size and hearing loss. The absolute peak latencies of
the AEP waves increase with an increase in age. The
waves I, III, and V have a direct influence on age [4].
Also, the interpeak latencies (IPLs) of the waves I­III,III­
V and III­V in the older age groups had an increased
value as compared to that in young people [5].

In humans, ABR can be recorded from about 26
weeks of gestational age (GA). After that, waves
develop rapidly until term birth. From birth ABR
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continues development more slowly and in 18­24
month children, all the components are completely
mature and adult­like [6,7]. In diagnostic audiology,
interpeak latency interval (IPL) or inter­wave interval
(IWI) of main ABR components especially I­V are very
important because IPL I­V reflect the central
conduction time (CCT) or brain stem conduction.

The influences of subject factors, especially
advanced age, on the BAEP gain experimental
attention. Fujikawa and Weber (1977), focusing on
Wave V, found prolonged latency shifts from a 13
click/sec baseline response when older individuals
were compared to young adults. Below the age of 2
years, interpeak latencies are prolonged relative to
adult values. By the age of 2 years, the ranges for adults
are reached, the absolute latencies of wave I, III, V
increase by 0.1­0.2 msec with age. The reason for the
age related latency shift is progressive myelination of
the auditory tract. Some of the changes that occur in
the aging auditory system may significantly influence
the interpretation of the auditory brainstem responses
in comparison with younger adults [8].

 There also occurred gender differences of these
waves. Males were found to have 0.1 to 0.2 ms longer
latencies of the waves III and V and longer I–V
interpeak intervals than females. The sources of the
male and female related differences could be factors
such as head size or gender­dependent sizes of the
external acoustic meatus. Several factors may affect
the peak latencies, IPL and wave amplitudes in ABR.
These factors are classified as recording variables
(electrodes, reference, filters), stimulus variables
(stimulus intensity, stimulus rate, stimulus mode and
stimulus phase) and subject variables (age, sex, body
temperature, and cochlear hearing loss). Subject
variables especially  ‘age’ and  ‘gender’ have powerful
influences on ABR [5].  It has been shown that females
may have shorter ABR latencies and IPL latencies
than males. Also, in the elderly ABR waves have
delayed latencies in comparison to young adults
[9.10].

Since age and sex effects on central conduction time
in the acoustic pathway are still debated, so the aim
of our study is to investigate the differences, in BAEP
component latencies in different age groups in male
and females.

Materials and Method

In our study about sixty normal healthy subjects
including both male and female in equal number were
assigned to the following age groups:

2. 21­30 years (n=30)

5. 51­60 years (n=30)

BAEP test procedure was explained & written
consent obtained from the subjects, a detailed history
and thorough clinical & ENT examination were carried
out to rule out any medical problem. Specific history
was also taken to rule out any prolonged exposure to
noise. Their height & weight were also taken.

BAEP recording was done in a quiet air conditioned
room (28 + 1 oC).  All the subjects were studied in the
sitting position with appropriate head positioning
so as to minimize postural muscle activity in the head
& neck. The subjects were made to relax in order to
minimize muscle artifacts. The recording surface
electrodes filled with conductive paste were fixed on
vertex (Cz, 10­20 international electrode placement
system) & the on the mastoid process ipsilateral to
the ear being stimulated. The ground electrode was
placed on forehead (Fz). Electrodes were connected
to the evoked potential recorder (RMS EMG. EP MARK
II  Machine manufactured by RMS recorder & medicare
system, Chandigarh). Impedance of electrode was kept
below 5 k ohms. A band pass of 100­3000 Hz was used
to filter out undesirable frequencies in the surroundings.
Responses to 2000 click presentation were averaged for
10 msec. Because of poor signal to noise ratio, it is
necessary to average several hundreds of signal
responses to get a recognizable BAEP waveform.

Brainstem Auditory Evoked Potential

 The subject’s hearing threshold was determined
for each ear at the time of testing. The acoustic
stimulus was rarefaction clicks, which were generated
by passing 0.1 ms square pulses through shielded
headphones. Clicks of intensity 60 dB above the
hearing threshold were Delivered at the rate of 10
pulses per second .Monaural stimulation was used
& contra lateral ear was masked by white noise at 30
dB below the click intensity. BAEP waves were
identified & labeled. The peak latencies of waves I &
V were measured. The interpeak latencies I­III, I­V
was computed. Amplitudes of waves were also
measured from peak to following trough of the wave.
The waveform measured between the vertex and the
ear be ear being stimulated constitutes the ipsilateral
recording, whereas the waveform measured between
the Vertex & ear opposite of the ear being stimulated
constitutes the contra lateral recording.

Results

The mean and standard deviation of the absolute
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peak latency and interpeak latency in male and female
in milliseconds are shown in Table­1

The absolute peak latency of the waves I and V
and the interpeak latencies of the waves, I­III and I­V
were significantly increased in males than in females.

The mean & standard deviation of the absolute
peak latency and interpeak latency in different age

groups in milliseconds are shown in Table 2.

The data collected from both ears showed that
increase in age will cause an increase in peak latency
of wave I and V and the interpeak latencies of the
waves, I­III and I­V were significantly increased in
age from younger to older age.

Table 1: The mean and standard deviation of the absolute peak latency and interpeak latency in male and
female in milliseconds.

Parameters Males(30) 
Mean (Sd) 

Female(30) 
Mean (Sd) 

P-Value 

Absolute Latency    
         I 1.40±0.1 1.32±0.09 <0.001** 

         V 5.60±0.17 5.40±0.17 <0.001** 

Interpeak Latency    
     I­III 2.27±0.13 2.18±0.14 <0.001** 

     I­V 4.10±0.15 3.90±0.17 <0.001** 

Parameters AGE 21-30 yrs(30) 
Mean (SD) 

AGE 51-60 yrs(30) 
Mean (SD) 

P-Value 

Absolute Latency    
         I 1.75±0.049 1.85±0.035 <0.001** 

         V 5.50±0.022 5.70±0.019 <0.001** 

Interpeak Latency    
     I­III 2.02±0.021 2.09±0.148 <0.001** 

     I­V 3.29±0.077 3.90±0.038 <0.001** 

P­VALUE <0.001**= significant

Table 2: The mean & standard deviation of the absolute peak latency and interpeak latency in different age groups
in milliseconds .

P­VALUE <0.001**= significant

Discussion

The present study revealed that increase in age will
cause an increase in peak latency and interpeak
latency of waves I & V and interpeak latencies of the
waves, I­III and I­V. There occurred significantly
increased latencies of the waves I, and V and
interpeak latencies of the waves, I­III and I­V in males
as compared to the females, thus showing that age
and gender affects these waves. Our study is
comparable with the findings of previous one: Stephen
W H (1981), observed peak latency increases in the
elderly, to be due to peripheral processes [11]. Nai­
Shin Chu (1985), showed small progressive
prolongation in the peak latency with increasing age,
particularly peak V [12]. Rosenhall U et al (1985),
found latencies of waves I, III and V increase 0.1­0.2
msec with increasing age.

Harinder J  S,earch.( 2010 ) found positive
correlation between the latencies of the waves III, IV
and V and between the interpeak latencies of the
waves I­III, III­V and I­V with age and sex in all the
subjects [13].

Yones Lotfi, et all in October 2012 Their results
indicate that there is a significant difference between
males and females in absolute latencies and IPLs of
ABR, irrespective of age. Females have shorter absolute
latencies and IPLs in ABR. Furthermore, this study
shows that absolute latencies and IPLs of ABR
increase with aging especially in the 51­70 year­old
interval [14].

 It has been reported that females have shorter
conduction times and ABR latencies than age
matched males [15,9], and that gender has more
powerful effects on ABR than aging [16­17].
Stuzebecher E et al (1987), which showed that the
wave latency I and II and the interpeak latencies of
the waves III­V showed statistically significant
differences between males and females [18]. This
finding is supported by Fallah TM (2007), showed
increasing trend in age from younger to older caused
values of interpeak latencies I­III , III­V & I­V increase
9.  Rowe (1978) reported increased wave I­III interpeak
latency in older than in young persons [19].

The increased latency and the interpeak latency
which were observed in elderly individuals could be
due to degenerative changes like auditory nerve
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atrophy, synaptic delay and peripheral hearing loss
with age. Increasing age also causes neuronal loss
and changes in the permeability of the neural
membrane, which might have led to the increased
latencies of the BAEPs [20].

 The latencies of waves III & V and interpeak
latencies I­III and I­V are significantly higher in male
as compared to female. Females have shorter interpeak
latencies than males. This may be explained by
shorter corresponding segments of the auditory
pathway due to smaller brain size in female [21].
Aging changes that is, increases in latency
attributable to increased conduction time in older
subjects were observed in brainstem auditory
pathway and males tended to show larger aging
effects than females [22].

Our study is supported by Aoyagi M et al (1990)
[9] & Harinder J S et al (2010) [13]. Aoyagi M et al
(1990)   investigated ABR latencies in 107 adults (57
males and 50 females) with normal hearing & found
Wave III and wave V latencies and I­III and I­V
interpeak latency intervals were significantly shorter
in females than in males. He obtained significant
positive correlations between head size and above­
mentioned ABR wave latencies and IPLs. These
results suggest that head size, which may reflect brain
size, is one of the important factors for the basis of
gender difference in ABR latencies. Harinder J S et al
(2010) found  BAEP waves III and V and interpeak
latencies I­III and I­V are significantly higher in male
as compared to female.

 Conclusion

The results of this study among others show that
age and gender affects the normal ABR latencies. and
interpeak latencies this will be helpful for the
interpretation and diagnosis in clinical practice.
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Effect of Lateral Positions of Body on Systemic Peripheral Resistance
and Other Cardiovascular Parameters

Abstract

Lateral positions of the body have some effect on autonomic nervous system. Systemic peripheral resistance
is the main determinant of after load to the heart. It is regulated by the arterioles via sympathetic nerves and
directly affects the diastolic blood pressure. One hundred asymptomatic healthy male subjects, aged 17­23
years, participated voluntarily in the present study, undertaken, to assess the effect of lateral positions of
body on systemic peripheral resistance and other cardiovascular parameters. Cardiovascular parameters
were recorded by mercury sphygmomanometer and Impedance Cardiovasograph (Nivomon) in three
positions supine, left lateral and right lateral decubitus. Results showed significant increase in systemic
peripheral resistance, systemic peripheral resistance index, and diastolic blood pressure in left lateral
position. All the parameters were significant decreased in right lateral decubitus position in comparison to
supine. Systemic peripheral resistance was maximum in left lateral position which indicates maximum
sympathetic activity in left lateral position among the three positions supine, left lateral and right lateral
decubitus. So, one should avoid left lateral decubitus position during rest to avoid extra load on the heart.

Keywords: Systemic Peripheral Resistance; Impedance Cardiovasograph; Lateral Decubitus.
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Introduction

All the cardiovascular parameters in human body
are controlled by autonomic nervous system.
Autonomic nervous system has sympathetic and
parasympathetic limbs which work synergistically
but usually in opposite ways. It is well known fact
that when a person changes position from supine to
standing, there is venous pooling of blood leading
to decreased venous return which further leads to
decreased stroke volume and cardiac output. As a
result systolic blood pressure decreases until this is
not compensated by decreased baroreceptors
discharge due to less stretching of baroreceptors
caused by reduced cardiac output which ultimately
increase the sympathetic activity to increase heart rate
and blood pressure until it returns normal. So it is
evident that change in posture directly affects the
autonomic nervous system. Many researchers have
shown that postural stress in the form of head –up­tilt
produces sustained increase in heart rate and rate

pressure product and tilting can be used for assessing
the integrity of autonomic cardiovascular regulatory
mechanisms in physiological as well as clinical
situations [1]. Few studies have shown the acute effects
of varying degree of head down tilt in form of increase
in cardiopulmonary blood volume, decrease in forearm
vascular resistance but little change in BP and HR
with 15° and 30° head down tilt and assumed them to
be  associated with a reflex decrease in muscle
sympathetic nerve activity [2­3]. Studies have shown
that angle & duration of tilt also affect the
cardiovascular parameters as acute 30° head down
tilt (HDT) did not produce  significant changes in BP
and HR while 60–80° HDT for 5 min resulted in a
significant increase in diastolic blood pressure,
decrease in pulse pressure and insignificant change
in systolic pressure, heart rate and rate pressure
product. They hypothesized that decrease in pulse
pressure is most likely due to a fall in stroke volume
due to excessive preloading of the ventricles while
increase in  Diastolic blood pressure could be due to
sympathoexcitation due to raised intracranial
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tension occurring with 60° and 80° HDT [4].
Decreased vagal activity has been observed in in
various physiological and pathological conditions
such as congestive heart failure and coronary artery
disease. In patients with CHF, the time for the right
lateral decubitus position was two­fold longer than
that for the supine and left lateral decubitus
positions. The increased cardiac sympathetic activity
and decreased vagal tone in CHF patients were
normalized in the right lateral decubitus position
and concluded that right lateral decubitus position
in patients with CHF may be a self­protecting
mechanism of attenuating the imbalance of cardiac
autonomic nervous activity [5,6].  Autonomic effect
of various recumbent positions, namely the supine,
left lateral decubitus and right lateral decubitus
positions, in healthy subjects by using spectral heart
rate variability analysis has also been studied and
suggested that cardiac vagal activity is greatest when
the right lateral decubitus position is adopted [7]. All
these studies  suggest that change in posture of the body
affects the autonomic nervous system. Change in heart
rate, stroke volume and systemic peripheral resistance
can directly detect more precisely the magnitude of
change in autonomic status. Measurement of systemic
peripheral resistance is most important among
cardiovascular parameters especially in hypertensive
patients and their siblings, because increase in systemic
peripheral resistance is more harmful for heart as heart
need to do more work for pumping the same amount of
blood which may lead to ventricular hypertrophy
leading to further need of more blood supply to the
increased muscle mass in myocardium and further
deterioration of the condition. Therefore any posture
which may increase the systemic peripheral resistance
should be avoided especially in hypertensive and pre
hypertensive. Therefore the present study was
conducted to find out the direct effect of change in
posture of the body on systemic peripheral resistance
and other cardiovascular parameters.

Material and Methods

The present study was conducted in the department
of physiology, Saraswathi Institute of Medical Sciences,
Hapur. One hundred asymptomatic healthy male
subjects, aged 17­23 years, participated voluntarily in
the present study, undertaken, to assess the effect of
lateral positions of body on systemic peripheral
resistance and other cardiovascular parameters.
Experiment procedures were in accordance with the
ethical committee on human experimentation. Study
was carried out at ambient temperature with minimal
external or internal sound disturbances in the room.
Subjects reported to laboratory 2 hours after light lunch.
They were explained in detail about the experimental
procedure. Informed consent was taken from all
subjects. Subjects were asked to lie in supine position.
The color coded 8 leads of NICO patient cable were
connected at their respective locations on the body of
subjects. Blood pressure was recorded by using
mercury sphygmomanometer. Systemic peripheral
resistance, heart rate, cardiac output, and other
parameters were recorded using Impedance
Cardiovasograph (Nivomon). After 10 minute of rest
in supine position, all the parameters were recorded.
Then subjects changed position to left lateral decubitus.
Parameters were recorded again after 10 minutes of
rest in left lateral decubitus position. Finally subjects
changed the position to right lateral decubitus.
Parameters were recorded again after 10 minutes of
rest in right lateral decubitus position. All data were
collected and statistical analysis was done by One­
Way ANOVA and Tukey post Hoc tests using the
window SPSS Statistics 17.0 version.

Result

Table 1 shows that,  in comparison to supine

S. N.  Supine  Left Lateral 

Decubitus  

Right Lateral  

Decubitus

1 Systolic blood pressure (SBP) (mm Hg) 119.82±4.5  121.2±3.2  110.2±5.5##

2 Diastolic blood pressure (DBP) (mm Hg) 77.92±3.2  83.32±4.5*  72.12±4.1#

3 Heart rate (HR) (per minute) 70.80±1.13  72.1±2.8  67.18±0.23##

4 Cardiac Output (CO) (L/min) 5.41±0.2  5.62±0.17  5.02±0.28##

5 Stroke volume (SV) (ml/ beat) 74.04±0.82  76.28±2.5  70.24±0.26##

6 Systemic Peripheral Resistance (SPR) 

(dyne.sec/cm )5

1360.1±17.4  1391.2±15.4*  1337.2±15.24#

7 Cardiac Index (CI) (L/min/m )
2

3.14±0.16  3.21±0.26  3.01±0.17##

8 Stroke volume Index (SI) (ml/ beat/m )
2

44.81±0.12  45.46±0.18  42.02±0.22##

9 Systemic Vascular Resistance Index (SVRI) 

(dyne.sec/cm /m )5 2

777.5±11.5  791.5±13.1*  766.2±11.4#

Table 1: Comparison of cardiovascular parameters in supine left lateral decubitus and right lateral decubitus positions

Data presented are Mean±SD. *p<0.05, #p<0.05, ##p<0.01
*Comparison between parameters in supine ad left lateral decubitus
# Comparison between parameters in supine ad right lateral decubitus
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position, parameters in left lateral decubitus showed
significant increase in systemic peripheral resistance,
systemic peripheral resistance index, diastolic blood
pressure (p<0.05) and insignificant increase in
systolic  blood pressure (SBP), heart rate (HR), cardiac
output (CO), stroke volume (SV), cardiac index (CI)
and stroke volume index (SI) (p>0.05).  When
compared to supine position, all the parameters in
right lateral decubitus showed significant decrease.
However decrease in parameters in right lateral
decubitus was more significant in SBP, HR, CO, SV,
CI, SI (p<0.01) and was less significant in DBP, SPR,
SVRI (p<0.05).

Discussion

Blood pressure is regulated by autonomic nervous
system. In hypertensive, sympathetic hyperactivity
is one of the major causes of increase in blood
pressure. Systemic peripheral resistance is mainly
controlled by arterioles which have extensive
sympathetic innervations. Sympathetic stimulation
causes constriction of the arterioles and leads to
increase in systemic peripheral resistance resulting
in increase in diastolic blood pressure. Although
systemic peripheral resistance also depend on other
factors like temperature, viscosity of blood but these
factors were remain unchanged in the present study.
So it seems that change in autonomic activity is
responsible for changes in parameters in the present
study. Heart rate, stroke volume and systolic blood
pressure decrease with decrease in sympathetic
activity or increase in parasympathetic activity.
Human S­A node receives its vagal innervations
mainly from right vagus nerve. The right vagus nerve
in the neck might be stimulated by periodic massage
from the pulsation of the carotid artery in the right
lateral decubitus position leading to higher
parasympathetic activity. The position of the heart is
lower in the left lateral decubitus than in the right
lateral decubitus position. Gravity might exert an
increased workload on cardiac function when the
left lateral decubitus is assumed. A larger workload
required in left lateral decubitus, as compared with
the right lateral decubitus position, will produce more
sympathetic and less vagal activity [8,9]. While
reduction in this workload in right lateral decubitus
position will lead to an enhancement of vagal activity.
Because of right sided anatomical position of right
atrium, the venous return from the venous system via
inferior and superior vena cavae to the right atrium is
more favorable when assuming the right lateral
decubitus position, which may increase vagal activity.

While in left lateral position, venous return is less in
comparison to supine and right lateral decubitus. To
compensate for decrease in venous return and cardiac
output, sympathetic tone is enhanced and vagal tone
is suppressed in left lateral position. Therefore there
is possibility of, higher vagal activity and lower
sympathetic activity in right lateral position with
reversal of autonomic activity in left lateral position.
Our results also indicate the increased
parasympathetic activity in right lateral decubitus as
shown by previous studies [10,11]. It can be also
conclude from the present study that systemic
peripheral resistance is significantly higher in left
lateral decubitus so hypertensive as well as pre
hypertensive people must avoid left lateral decubitus
position during rest because it may be harmful for the
heart while right lateral decubitus position should
be preferred because it is associated with decreased
peripheral resistance and increased parasympathetic
activity.
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Correlation between Body Mass Index (BMI), Skinfold Thickness and
Speed and Power of Adolescent Cricket bowlers: A Cross

Sectional Study Protocol

Abstract

Background: The most exciting aspect in the game of Cricket is bowling. Adolescents shows increased
involvement in sports due to which there is a risk and severity of sport injury. Few studies are there which
correlate anthropometric characteristics and performance tests having age, BMI, skinfold thickness with
power, speed tests in adolescent Cricket bowlers. Objective: To relate the BMI, Skinfold Thickness and speed
and power of adolescent Cricket bowlers. Methods: A sample of 400 Bowlers will be recruited based on
predetermined set of inclusion criteria from recognised school by multistage sampling method for cross­
sectional study. Power and speed will be estimated by 6m timed hop test and 50­yard dash test respectively.
Stiatistical Analysis:  Results will be expressed as the mean ± standard deviation (SD). Data will be screened
for normality using the Kolmogorv­Smirnov test and summarized using descriptive statistics. Pearson’s
correlation coefficient will be applied to establish the relationships among the variables measured.
Conclusion: This study will help in determining the relationship between BMI, Skinfold thickness and
speed and power in adolescents Cricket bowlers.

Keywords: Adolescent Cricket Bowlers; BMI; Skinfold Thickness; 6m Timed Hop Test; 50­Yard Dash
Test.
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Introduction

For most Indians, Cricket has been more than a
game which serves as a fulcrum around which
national identity is shaped. The game of the Cricket
unites India more assuredly than any other thing [1].
The most exciting aspect in the game of Cricket is
bowling [2]. During bowling there is a constant
twisting, extension and rotation in a brief duration of
time while body tissue and footwear absorb much
ground reaction force [3]. Most of injuries in Cricket
occurs while bowling. The bowlers of younger age
are at big risk of injury, because of their incomplete
growth process [4].

Adolescence is an age of human growth and
maturation during which unique changes occur as
well as many adult patterns are entrenched [5].  At an
early age there is an increased involvement of
adolescents in organized sports due to which there is
a risk and severity of sport injury. Increased

participation and training leads to more sports
injuries. The leading causes of injury are sports and
recreational injuries [6].

Gradual plan that respond and accommodates
with injury or pathological issues and conditions is
a feature of successful rehabilitation. To prevent
further soft tissue injury, it involves adequate
management of injury followed by progressive
treatment protocol which is to be implemented
effectively and key to successful implementation of
progressive rehabilitation programme is goal
planning [7].

For competitive athletes of all age groups pre­
participation physical evaluation should take place.
In case of adolescents, pre­participation physical
evaluation determines general health, provide quality
and cost effective health care [8].  For the evaluation
of physical structure anthropometry is helpful and
performance which is  skill related is measured with
specific tests [9,10].
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Anthropometry is defined as human body
measurement in terms of dimensions of bone, muscle
and adipose tissue. Presently selection of sportsman
for higher performance is taking place on the grounds
of physical structure and body size [11]. The bowlers
are known to be lean and tall having little fat in their
lower extrimites [12]. There was a strong positive
relationship between high BMI and increased risk of
injury as well as higher injury­related expenditure in
adolescent age groups [13]. Measurements such as
height, body weight, mid arm circumference and
triceps skin fold thickness are commonly used for
assessment [11]. In addition to technique of movement
and experience, an important factor to athlete’s
performance may be the favourable anthropometric
profile [14]. Performance testing allows menders to
identify an athlete’s strength as well as weakness.
According to athlete’s need, performance test enable
them to accommodate and adjust training and
rehabilitation [15].

Aim of the Study

To find out the relationship between BMI, Skinfold
Thickness and speed and power of adolescents
Cricket bowlers.

Objective of the Study

To relate the BMI, Skinfold Thickness and speed
and power of adolescent Cricket bowlers

Review of Literature

Nuhmani and Akthar [16] characterize correlation
between anthropometric traits and functional
achievement of professional inferior tennis athletes
of India. Hundred elite junior tennis players were
assessed for anthropometric measurements including
BMI, fat mass, calf circumference, thigh circumference,
Waist­ hip ratio, and muscle mass.  Sergeant Chalk
jump test, 40 yard sprint test and T test were used to
assess performance. The findings revealed a positive
interrelation between muscle group, circumference
evaluation and functional achievement, and negative
correlation between anthropometric characteristics
like BMI, Waist Hip ratio and functional performance.

Lopes et al [17] studied association between BMI
and motor abilities in children. Seven thousand one
hundred seventy five students under the age of six to
fourteen years were assessed. For evaluating motor
abilities balance beam test, jumping laterally, hopping
on one leg, shifting platforms were used. They found

that motor abilities are inversely associated with BMI.

Nuhmani et al [18] evaluated Limb circumference
and performance in junior tennis players. Hundred
junior tennis players were assessed. Among  Skinfold
thickness calf and thigh circumference and for
performance Sergeant Chalk  jump test, 40 yard sprint
test, T test were taken. They found a interrelation
between both thigh and calf circumference and the
entire three functional performance test.

Methodology

 Study Design: Cross­sectional study

 Study Setting: sports complex of respective school

 Sample Population: Adolescents

 Sampling Technique: Criteria based multistage
sampling technique

 Sample Size: n=400

 Estimated by the Formula:

   n= Z2
a/2

*P*(1­p)*D

                  E2

Inclusion Criteria

 Adolescents (10­19year)

 Male and female gender

 Cricket bowlers

Exclusion Criteria

 Cricket batsman

 Musculoskeletal disorder

 Any cardiac or respiratory or neurological
disorder

 Fracture and recent surgeries

 Who play sports other than Cricket

Variable

 Independent variable

 Skin fold thickness

 Weight

 Height

 Dependent variable.

 Conceptual dependent variables

Speed

Vidushi Gupta et. al. / Correlation between Body Mass Index (BMI), Skinfold Thickness and Speed
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Power

 perational dependent variables

50 yard Dash test

6­m timed hop test

Instrumentation for Data Collection

Standard Measuring tape

Skin fold calliper

Weighing machine

Stop watch

Outcome Measure

 Primary:

Skinfold thickness

Speed

 Secondary:

Height

Weight

Power

Protocol and Procedure

By taking written permission from principal of
school, tester contact with the respective teacher for
students who used to play Cricket.  Screening will be
done on the basis of selection criteria  400 adolescents
who participate in Cricket as bowlers of age group
10­19 years will be recruited from schools of  Mullana,
Ambala district.

Screening of the  subjects

Consent wiil be taken  

BMI will be evaluated 

After warm up, 6m timed hop test 

50­yard dash test

Skinfold measurement 
from subscapular and 

triceps muscle    

Procedure

Data Analysis

Results will be expressed as the mean ± standard
deviation (SD). Data will be screened for normality
using the Kolmogorv­Smirnov test and summarized
using descriptive statistics. Pearson’s correlation
coefficient will be applied to establish the
relationships among the variables measured. Data
will be analyzed by using  SPSS (Statistical Package
for Social Science) version 16. A 5% error will be used
to indicate statistical significance.

Discussion and Implication

This study will help in determining the relationship
between BMI, Skinfold thickness and speed and
power in adolescents Cricket  bowlers. It will be
helpful for the bowlers in their training program and
rehabilitation. This study will be concluded in  March
2016.

References

1. Nair N. Cricket obsession in India: through the lens
of identity theory. Sport in Society.  2011; 14(5):
569–580.

2. Goswami S, Samraj P. Relationship among selected
motor ability components and bowling ability of
cricketers. Indian Streams Research Journal.  2015; 5(6).

3. Finch CF, Elliott BC, McGrath AC. Measures To
Prevent Cricket Injuries. Sports Med. 1999; 28(4):
263­272.

4. Stretch RA. Cricket injuries: a longitudinal study of
the nature of injuries to South African cricketers. Br
J Sports Med. 2003; 37(3): 250­253.

5. http://www.micronutrient.org/nutritiontoolkit/
ModuleFolders/3.Indicators%5CAnthropometry%
5CResources%5CPhysical_status_­_The _use_ and
_interpretation_of_ anthropmetry %5CChapter_6_
(Adolescents). pdf.

6. Caine D, Purcell L, Maffulli N.  The child and
adolescent athlete: a review of three potentially
serious injuries. BMC Sports Science, Medicine and
Rehabilitation. 2014; 6(22).

7. Comfort P, Abrahamson E. Sports Rehabilitation and
Injury Prevention: 199­200.

8. Caspersen CJ, Powell KE, Christenson GM. Physical
activity, Exercise and Physical Fitness: definitions
and distinctions for health related research. Public
Health Reports.  1985; 100(2): 126­31.

9. Tiwana PK. A Comparative Study of Anthropometric

Vidushi Gupta et. al. / Correlation between Body Mass Index (BMI), Skinfold Thickness and Speed
and Power of Adolescent Cricket bowlers: A Cross Sectional Study Protocol



28

International Physiology / Volume 4 Number 1 / January - June 2016

Measurements, Physique and Body Composition of
Intervarsity level Jumper Girls. International Journal
of Scientific and Research Publications. 2013; 3(4).

10. Caspersen CJ, Powell KE, Christenson GM. Physical
activity, Exercise and Physical Fitness: definitions
and distinctions for health related research. Public
Health Reports. 1985; 100(2): 126­31.

11. Kumar M, Gladykirubakar S. Comparative Analysis
on Anthropometrical Variables of Spin Bowlers and
Fast Bowlers in Cricket. Academic Sports Scholar.
2014; 3(7).

12. Koley S, Kumaar BS, Shadagopan SP.
Anthropometric, Physical Strength, Body
Composition and Performance Test Profiles of Inter­
District Level Male Cricketers of Punjab, India.
Anthropologist. 2012; 14(5): 445­451.

13. Hu HY, Chou YJ, Chou P, Chen KL, Huang N.
Association between obesity and injury among
Taiwanese adults. International Journal of Obesity.
2009; 33: 878–884.

14. Akça F. Prediction of Rowing Ergo meter
Performance from Functional Anaerobic Power,
Strength and Anthropometric Components. J Hum
Kinet. 2014; 41: 133­142.

15. Comfort P, Abrahamson E. Sports Rehabilitation and
Injury Prevention: 42­43.

16. Nuhmani S, Akthar N. Anthropometry and functional
performance of elite indian junior tennis players.
Journal of Science. 2014; 4(1): 55­59.

17. Lopes PV, Stodden DF, Bianchi MM, Maia JAR,
Rodrigues LP. Correlation between BMI and motor
coordination in children. Journal of Science and
Medicine in Sport 2011.

18. Nuhmani S, Shaphe MDA, Waseem MD. Limb
circumference and performance in junior tennis
players. IJBAR. 2013; 4(2).

19. Koley S, Kumaar BS, Shadagopan SP.
Anthropometric, Physical Strength, Body
Composition and Performance Test Profiles of Inter­
District Level Male Cricketers of Punjab, India.
Anthropologist. 2012; 14(5): 445­451.

20. Duarte MO, Ruelas YF, Toro­Equihua FLAMD,
Sánchez­Ramírez CA. Correlation between percentage
of body fat measured by the Slaughter equation and
bio impedance analysis technique in Mexican
schoolchildren. Nutr Hosp. 2014; 29(1): 88­93.

21. Bolgla LA, Keskula DR. Reliability of lower
extremity functional performance tests. JOSPT. 1997;
26(3).

22.  Hunsicker P, Reiff GG. AAHPER Youth Fitness Test
manual. Revised edition 1976 American alliance for
health, physical education, and recreation 1201
Sixteenth Street, N.W., Washington, D.C. 20036.

Vidushi Gupta et. al. / Correlation between Body Mass Index (BMI), Skinfold Thickness and Speed
and Power of Adolescent Cricket bowlers: A Cross Sectional Study Protocol



29

International Physiology / Volume 4 Number 1 / January - June 2016

Original Research Paper

A.K. Singh1, K.M. Shukla2, P.K. Jain3, S.K. Sant4, S. Kumar5, K. Jaiswal6

Author’s Affiliations: 1Professor, 4Professor & Head, 6Associate Professor, Dept. of  Physiology, 2Dean, Professor & Head,
Department of Pediatrics, 3Professor & Head, 5Professor, Dept. of Community Medicine, UP RIMS & R, Saifai, Etawah, India­
206130.

Corresponding Author: A.K. Singh, Professor, Dept. of Physiology, UP RIMS & R, Saifai, Etawah, India­ 206130.
E­mail: amitbhu2008@gmail.com

Early Morning May Not Be the Best Time of the
Day to Study: Hypothesis

Abstract

Since childhood we have been advised by the to study or revise the assignments early morning. But the
recent studies indicate that level of stress hormones is highest at the time of wakening. Stress hormones
affect memory negatively. As the cortisol level is the highest in the morning just after awakening (in day
workers)  and because the excess of cortisol can impair the ability of the hippocampus to both encode and
recall memories, thus it is hypothesised that morning time may not be the best time to study and revise
assignments..

Keywords: Stress Hormones; Cortisol; Memory; Study Assignments.

©Red Flower Publication Pvt. Ltd.

Introduction

Since childhood we have been advised by the to
study or revise the assignments early morning. But
the recent studies indicate that level of stress hormones
is highest at the time of wakening. Stress hormones affect
memory negatively. In particular, the hippocampus,
prefrontal cortex and the amygdala [1][2].

One class of stress hormone responsible for
negatively affecting memory is the glucocorticoids
(GCs), the most notable of which is cortisol [3][4][5].
Glucocorticoids facilitate and impair the actions of
stress in the brain memory process[6]. Cortisol is a
known biomarker for stress[7].

Under normal circumstances, the hippocampus
regulates the production of cortisol through negative
feedback because it has many receptors that are
sensitive to these stress hormones. However, an excess
of cortisol can impair the ability of the hippocampus
to both encode and recall memories[4]. These stress
hormones are also hindering the hippocampus from
receiving enough energy by diverting glucose levels
to surrounding muscle[4].

Hypothesis

As the cortisol level is the highest in the morning

just after awakening (in day workers)  and because
the excess of cortisol can impair the ability of the
hippocampus to both encode and recall memories,
thus it is hypothesised that morning time may not be
the best time to study and revise assignments.
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Caffeine and Cognition: What do Event Related Potentials Say?

Abstract

Caffeine is a stimulant that is present in various drinks like tea, coffee and colas. It acts on the body via
different mechanisms like altering intracellualar calcium, acting on benzodiazepine receptors and inhibition
of phosphodiesterases. The main mechanism of action is blocking of adenosine receptors and alteration of
the neurotransmitters in the brain.

The event related potentials are electrical signals in response to stimuli and represent the processing of
information by the brain. Various studies have been done to evaluate the effect of caffeine on cognitive
processes using event related potentials. This review summarizes the evidence of the effect of caffeine on
cognition.
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Introduction

Caffeine (1, 3, 7­trimethylxanthine) is one of the
most widely used psychoactive drug in the world. It
is consumed in various forms like tea, coffee, colas
and many over the counter medicines. The amount of
caffeine in food items ranges from 40­180 mg/150 ml
of coffee, to 24­50 mg/150 ml of tea and 15­29 mg/
180 ml for colas [1]. Caffeine is known to affect various
body systems. In low doses of 50­250 mg per sitting,
caffeine produces relaxation, increased alertness,
feeling of well being and increased concentration. In
doses ranging from 400­800 mg in one sitting, it
causes tachycardia, nervousness, aggressiveness,
insomnia, trebling and anxiety.

Caffeine is readily absorbed from oral, rectal and
parenteral routes. The half  life of caffeine is  3­7 hours
[2]. Significant levels of caffeine are observed in brain
within 5 minutes of oral intake with peak levels being
observed within 30 minutes [3].  Metabolism of caffeine
occurs mainly by demethylation to paraxanthine. A
little amount of caffeine is also demethylated to form
theobromine and theophylline [4].

Caffeine increases the amount of epinephrine and
norepinephrine secreted by adrenal medulla leading

to stimulation of respiratory centre with an increase
in respiratory rate, oxygen consumption and carbon
dioxide elimination. The cardiac muscle is directly
stimulated by caffeine leading to increase in heart
rate, cardiac output and force of contractions. Caffeine
also causes stimulation of medullary vagal nuclei that
in turn decreases the heart rate. Action of caffeine on
smooth muscles of coronary, pulmonary and general
systemic blood vessels causes them to dilate: at the
same time stimulation of vasomotor centre causes
vasoconstriction of these vessels [5].

Mechanism of Action of Caffeine

Various hypotheses have been formulated
regarding the possible mechanisms of actions of
caffeine at cellular level.

(i).  One of the mechanisms of action of caffeine
is mobilization of intracellular calcium. At a
concentration of 1­2 mM caffeine decreases the
excitability threshold and promotes translocation of
calcium through plasma membrane and cytoplasmic
reticulum [6]. However it has been found that
mechanism occurs at doses higher than those
attained by human consumption [1].
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(ii) Another mechanism which is proposed is
Inhibition of phosphodiesterases by caffeine in the
CNS [7].

(iii). Binding of caffeine to benzodiazepine
receptors has also been observed [8]. It has been seen
that caffeine antagonizes or modifies the effects of
benzodiazepines on human behavior [9,10].

(iv). Via blocking of adenosine receptors: There is
evidence that adenosine acts to decrease the rate of
firing of neurons [11]. It has been observed that
caffeine increased the amplitude of EPSP and
population spike of hippocampal CA1 pyramidal
cells. A reversible and concentration dependent
antagonism of adenosine­evoked inhibition of EPSP
was seen. The excitation reflected four changes in the
neuronal membrane properties i.e. a depolarization
from resting membrane potential, a decrease in
membrane conductance, in long duration
hyperpolarisation and that of accommodation [12].

The Adenosine receptors are present in almost all
areas of brain with the maximum concentration being
in hippocampus, cerebral and cerebellar cortex and
certain thalamic nuclei [13]. Morgan et al reported
that caffeine caused a dose dependent (30­75mg/Kg)
increase in dopamine in the striatum [14]. Caffeine by
blocking adenosine receptors thus brings about
changes in the turnover of various neurotransmitters
like adrenaline, dopamine, serotonin, acetylcholine,
glutamate and GABA [15].

Evoked Potentials

Evoked potentials are electrical responses of the
brain that are “evoked” in response to a stimulus.
They are further classified as Stimulus Related
Potentials and Event related Potentials.

Stimulus Related Potentials (SRPs) are records of the
changes in electrical potentials in the nervous system in
response to an external stimulus e.g. Auditory Brainstem
Response, Visual Evoked Response etc. They are
obligatory responses that are independent of attention
or interest of the subject in the stimulus.

The term Event Related Potentials or ERPs refers to
the responses evoked due to various mental workloads
when a stimulus and the problem related with that
stimulus are applied. They occur only when the subject
is selectively attentive to the stimulus and are elicited
in conditions where the subject has to distinguish a
target stimulus from non target stimuli [16].

Components of ERPs

The long latency response to a rare auditory

stimulus consists of different waves i.e. N1, P2, N2
and P3 (also called P300). The P300 component of
ERPs was first described by Sutton in 1965 [17]. The
N1 and P2 components are believed to reflect the
activity in neural areas that are activated by sensory
modality and are independent of the subject’s
attention [18]. The N2 component is related to the
unexpectedness of the stimulus [19]. Thus any event
related potential includes an early sensory evoked
potential and a late (cognitive) response P300
component. Various other component waveforms
have also been identified such as P165, N2 and P3a
[19­21]. P300 (the positive wave occurring after
300msec of stimulus) is found more consistently than
other waveforms. This occurs as the other components
are of relatively small amplitude and thus more
difficult to separate from background noise. Also these
components occur at short latencies and overlap with
the simultaneously occurring stimulus related
potentials.

Various theories have such as Context Updating
Theory, Wicken’s Multiple resource model, Context
Closure and Template matching have been put
forward to interpret the meaning of P300 [22­25].  ERPs
are a way of observing the functioning of the human
brain as they allow the cognitive processes to be
observed “from within” [26]. The most widely
accepted views for interpretation of  P300 are that it is
evoked by unexpected stimuli, that it reflects the
updating of working memory and that its amplitude
indicates the amount of processing needed by a given
stimulus.

Caffeine, CNS and Event Related Potentials

Various researchers have done studies  to evaluate
the effects of caffeine on central nervous system using
EEG, psychological tests, reaction time, and of late
evoked potentials. Hollingsworth in 1912 noted that
65­130 mg of caffeine improved typing speed. A dose
of 390 mg resulted in poor motor performance and
tremor [27].

Wolpaw and Penry examined the acute effects of
300 mg caffeine on  N1P2 peak to peak amplitude in
31 subjects [28]. They found a decrease in N1P2
amplitude with placebo. This decrease was not seen
with caffeine. Caffeine has been found to increase
auditory vigilance in doses of 75­300 mg compared
to a lactose dummy. In the same study it was seen
that auditory reaction times were shortened, tapping
rates increased and subjects felt more alert following
caffeine consumption [29].

Tharion et al studied long latency evoked potentials
during performance of visual vigilance task following
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administration of 200 mg caffeine [30]. They found a
significant decrease in P2­N2 amplitude after caffeine
intake. Jarvis surveyed 9003 adults in UK and found
that increased levels of coffee and tea were associated
with improved performance on a range of cognitive
tasks [31].

Study by Lorist et al demonstrated a decrease in RT
and decrease in error rate following caffeine ingestion
[32]. There was a more negative going N1 with a shorter
latency. P3 amplitude revealed an increase with no
significant change in its latency. Caffeine has been
demonstrated to lead to a decrease in RT and increase
in amplitude of visual evoked potentials. Azcona et al
were of the view that this effect was not due to reversal
of caffeine withdrawal as the subjects were not heavy
caffeine consumers [33].

Lorist et al examined the effects of caffeine on
specific information processing activities and on
search processes [34]. They found that reactions were
faster in focused attention condition than in divided
attention condition. Caffeine led to a decrease in P3b
(Stimulus evaluation processes) latency in focused
attention and low display load conditions and thus
accelerated stimulus evaluation. There was an
increase in amplitude of N2b also. Kawamura et al
investigated the effects of 500 mg caffeine on ERPs in
10 subjects [35]. The oddball paradigm showed that
P300 amplitude and area were significantly increased
after 30 minutes of caffeine intake. These effects
disappeared after 210 minutes. P300 latency and
Reaction time showed no significant change with
oddball paradigm.

Another study by Lorist and Snel evaluated the
effects of 3mg/Kg body weight of caffeine by using a
visual selective attention task [36]. In the after caffeine
condition the time taken to localize the target letter
decreased and the information about the location of
the target was passed earlier to the response system.
The process of feature analysis was not affected by
caffeine.

In their study Seidl et al found that Reaction time
improved in response to target stimuli after
administration of drink having caffeine [37]. The
subjects showed shorter latencies of P300 though it
was not statistically significant. A larger
frontocenterally distributed P2 was found by Ruijter
et al after caffeine intake [38]. The N2b component
showed an increase in negativity. In the after
caffeine intake condition the irrelevant target
yielded a P3, thereby indicating that the subjects
processesed the irrelevant target as well. There was
a decrease in RT although the number of hits and
false alarms showed no change.

Warburton et al evaluated the effects of caffeine on
information processing using participants who had
minimal deprivation from caffeine [39]. Their study
also evaluated the effects of sugar using a sugar
containing and a sugar free control drinks. A
comparison of the two control drinks showed no
significant difference, thereby indicating that glucose
was not the substance responsible for improved
performance in their study. The caffeine containing
drink led to an increase in attention and verbal
reasoning without affecting memory.

In a study on 30 subjects Yeomans et al observed a
decrease in RT and increased response accuracy on a
performance task [40]. These effects were however
seen in subjects who were given caffeine after being
in a caffeine deprived state. Preloading the subjects
with caffeine had no significant effects on
performance or mood. They suggested that the effects
of caffeine were due to reversal of caffeine withdrawal
condition.

Dixit et al evaluated the effect of caffeine on Event
Related Potentials and reported non­significant
decrease in latency of N1, P2, N2 and P3 after caffeine
consumption [41]. The amplitude of P3 showed a
significant increase after intake of caffeine. They
concluded that caffeine led to facilitation of
information processing and motor output response
of the brain [41].

The consumption of caffeine has been shown to
improve cognitive performance. There is increase in
alertness and shorter reaction times. Thus caffeine
leads to an overall improvement in cognitive
functions. However more work is needed in the field
to characterize if the improvement in cognition is
global or in specific domains.
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from Abstract till References (including tables)
should be in this file. Do not include any information
(such as acknowledgement, your name in page
headers, etc.) in this file. Use text/rtf/doc/PDF files.
Do not zip the files. Limit the file size to 400 Kb. Do
not incorporate images in the file. If file size is large,
graphs can be submitted as images separately
without incorporating them in the article file to
reduce the size of the file.

3) Images: Submit good quality color images. Each
image should be less than 100 Kb in size. Size of the
image can be reduced by decreasing the actual height
and width of the images (keep up to 400 pixels or 3
inches). All image formats (jpeg, tiff, gif, bmp, png,
eps etc.) are acceptable; jpeg is most suitable.

Legends: Legends for the figures/images should
be included at the end of the article file.

If the manuscript is submitted online, the
contributors’ form and copyright transfer form has
to be submitted in original with the signatures of
all the contributors within two weeks from
submission. Hard copies of the images (3 sets), for
articles submitted online, should be sent to the
journal office at the time of submission of a revised
manuscript. Editorial office:  Red Flower
Publication Pvt. Ltd., 48/41-42, DSIDC, Pocket-II,
Mayur Vihar Phase-I, Delhi – 110 091, India,
Phone: 91-11-22754205, 45796900, Fax: 91-11-

22754205, E-mail: author.rfp@rfppl.co.in. Website:
www.rfppl.co.in

Preparation of the Manuscript

The text of observational and experimental articles
should be divided into sections with the headings:
Introduction, Methods, Results, Discussion, References,
Tables, Figures, Figure legends, and Acknowledgment.
Do not make subheadings in these sections.

Title Page

The title page should carry

1) Type of manuscript (e.g. Original article, Review
article, Case Report)

2) The title of the article, should be concise and
informative;

3) Running title or short title not more than 50
characters;

4) The name by which each contributor is known
(Last name, First name and initials of middle
name), with his or her highest academic degree(s)
and institutional affiliation;

5) The name of the department(s) and institution(s)
to which the work should be attributed;

6) The name, address, phone numbers, facsimile
numbers and e­mail address of the contributor
responsible for correspondence about the
manuscript; should be mentoined.

7) The total number of pages, total number of
photographs and word counts separately for
abstract  and for the text (excluding the references
and abstract);

8) Source(s) of support in the form of grants,
equipment, drugs, or all of these;

9) Acknowledgement, if any; and

l0) If the manuscript was presented as part at a
meeting, the organization, place, and exact date
on which it was read.

Abstract Page

The second page should carry the full title of the
manuscript and an abstract (of no more than 150
words for case reports, brief reports and 250 words
for original articles). The abstract should be
structured and state the Context (Background), Aims,
Settings and Design, Methods and Materials,
Statistical analysis used, Results and Conclusions.
Below the abstract should provide 3 to 10 keywords.
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Introduction

State the background of the study and purpose of
the study and summarize the rationale for the study
or observation.

Methods

The methods section should include only
information that was available at the time the plan
or protocol for the study was  written such as study
approach, design, type of sample, sample size,
sampling technique, setting of the study, description
of data collection tools and methods; all information
obtained during the conduct of the study belongs in
the Results section.

Reports of randomized clinical trials should be
based on the CONSORT Statement (http://www.
consort­statement. org). When reporting experiments
on human subjects, indicate whether the procedures
followed were in accordance with the ethical
standards of the responsible committee on human
experimentation (institutional or regional) and with
the Helsinki Declaration of 1975, as revised in 2000
(available at http://www.wma.net/e/policy/l 7­
c_e.html).

Results

Present your results in logical sequence in the text,
tables, and illustrations, giving the main or most
important findings first. Do not repeat in the text all
the data in the tables or illustrations; emphasize or
summarize only important observations. Extra or
supplementary materials and technical details can
be placed in an appendix where it will be accessible
but will not interrupt the flow of the text; alternatively,
it can be published only in the electronic version of
the journal.

Discussion

Include summary of key findings (primary
outcome measures, secondary outcome measures,
results as they relate to a prior hypothesis); Strengths
and limitations of the study (study question, study
design, data collection, analysis and interpretation);
Interpretation and implications in the context of the
totality of evidence (is there a systematic review to
refer to, if not, could one be reasonably done here
and now?, What this study adds to the available
evidence, effects on patient care and health policy,
possible mechanisms)?  Controversies raised by this
study; and Future research directions (for this
particular research collaboration, underlying

mechanisms, clinical research). Do not repeat in
detail data or other material given in the Introduction
or the Results section.

References

List references in alphabetical order. Each listed
reference should be cited in text (not in alphabetic
order), and each text citation should be listed in the
References section. Identify references in text, tables,
and legends by Arabic numerals in square bracket
(e.g. [10]). Please refer to ICMJE Guidelines
(http ://www.nlm.nih.gov/bsd/uni form_
requirements.html) for more examples.

Standard journal article

[1] Flink H, Tegelberg Å, Thörn M, Lagerlöf F. Effect
of oral iron supplementation on unstimulated
salivary flow rate: A randomized, double­blind,
placebo­controlled trial. J Oral Pathol Med 2006; 35:
540­7.

[2] Twetman S, Axelsson S, Dahlgren H, Holm AK,
Källestål C, Lagerlöf F, et al. Caries­preventive effect
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Odontol Scand 2003; 61: 347­55.

Article in supplement or special issue

[3] Fleischer W, Reimer K. Povidone iodine antisepsis.
State of the art. Dermatology 1997; 195 Suppl 2: 3­9.

Corporate (collective) author

[4] American Academy of Periodontology. Sonic
and ultrasonic scalers in periodontics. J Periodontol
2000; 71: 1792­801.

Unpublished article

[5] Garoushi S, Lassila LV, Tezvergil A, Vallittu
PK. Static and fatigue compression test for particulate
filler composite resin with fiber­reinforced composite
substructure. Dent Mater 2006.

Personal author(s)

[6] Hosmer D, Lemeshow S. Applied logistic
regression, 2nd 

 

edn. New York: Wiley­Interscience; 2000.

Chapter in book

[7] Nauntofte B, Tenovuo J, Lagerlöf F. Secretion and
composition of saliva. In: Fejerskov O, Kidd EAM,
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editors. Dental caries: The disease and its clinical
management. Oxford: Blackwell Munksgaard; 2003. p. 7­27.

No author given

[8] World Health Organization. Oral health
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edn. Geneva: World
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Reference from electronic media

[9] National Statistics Online—Trends in suicide
by method in England and Wales, 1979­2001.
www.statistics.gov.uk/downloads/theme_health/
HSQ 20.pdf (accessed Jan 24, 2005): 7­18. Only
verified references against the original documents
should be cited. Authors are responsible for the
accuracy and completeness of their references and
for correct text citation. The number of reference
should be kept limited to 20 in case of major
communications and 10 for short communications.

More information about other reference types is
available at www.nlm.nih.gov/bsd/uniform_
requirements.html, but observes some minor
deviations (no full stop after journal title, no issue or
date after volume, etc).

Tables

Tables should be self­explanatory and should not
duplicate textual material.

Tables with more than 10 columns and 25 rows
are not acceptable.

Table numbers should be in Arabic numerals,
consecutively in the order of their first citation in the
text and supply a brief title for each.

Explain in footnotes all non­standard
abbreviations that are used in each table.

For footnotes use the following symbols, in this
sequence: *, ¶, †, ‡‡,

Illustrations (Figures)

Graphics files are welcome if supplied as Tiff, EPS,
or PowerPoint files of minimum 1200x1600 pixel size.
The minimum line weight for line art is 0.5 point for
optimal printing.

When possible, please place symbol legends below
the figure instead of to the side.

Original color figures can be printed in color at
the editor’s and publisher’s discretion provided the
author agrees to pay.

Type or print out legends (maximum 40 words,
excluding the credit line) for illustrations using
double spacing, with Arabic numerals
corresponding to the illustrations.

Sending a revised manuscript

While submitting a revised manuscript,
contributors are requested to include, along with
single copy of the final revised manuscript, a
photocopy of the revised manuscript with the
changes underlined in red and copy of the comments
with the point to point clarification to each comment.
The manuscript number should be written on each
of these documents. If the manuscript is submitted
online, the contributors’ form and copyright transfer
form has to be submitted in original with the
signatures of all the contributors within two weeks
of submission. Hard copies of images should be sent
to the office of the journal. There is no need to send
printed manuscript for articles submitted online.

Reprints

Journal provides no free printed reprints, however
a author copy is sent to the main author and
additional copies are available on payment (ask to
the journal office).

Copyrights

The whole of the literary matter in the journal is
copyright and cannot be reproduced without the
written permission.

Declaration

A declaration should be submitted stating that the
manuscript represents valid work and that neither
this manuscript nor one with substantially similar
content under the present authorship has been
published or is being considered for publication
elsewhere and the authorship of this article will not
be contested by any one whose name (s) is/are not
listed here, and that the order of authorship as placed
in the manuscript is final and accepted by the co­
authors. Declarations should be signed by all the
authors in the order in which they are mentioned in
the original manuscript. Matters appearing in the
Journal are covered by copyright but no objection
will be made to their reproduction provided
permission is obtained from the Editor prior to
publication and due acknowledgment of the source
is made.
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Abbreviations

Standard abbreviations should be used and be
spelt out when first used in the text. Abbreviations
should not be used in the title or abstract.

Checklist

• Manuscript Title

• Covering letter: Signed by all contributors

• Previous publication/ presentations mentioned,
Source of funding mentioned

• Conflicts of interest disclosed

Authors

• Middle name initials provided.

• Author for correspondence, with e­mail address
provided.

• Number of contributors restricted as per the
instructions.

• Identity not revealed in paper except title page
(e.g.name of the institute in Methods, citing
previous study as ‘our study’)

Presentation and Format

• Double spacing

• Margins 2.5 cm from all four sides

• Title page contains all the desired information.
Running title provided (not more than 50
characters)

• Abstract page contains the full title of the
manuscript

• Abstract provided: Structured abstract provided
for an original article.

• Key words provided (three or more)

• Introduction of 75­100 words

• Headings in title case (not ALL CAPITALS).
References cited in square brackets

• References according to the journal’s instructions

Language and grammar

• Uniformly American English

• Abbreviations spelt out in full for the first time.
Numerals from 1 to l0 spelt out

• Numerals at the beginning of the sentence spelt
out

Tables and figures

• No repetition of data in tables and graphs and
in text.

• Actual numbers from which graphs drawn,
provided.

• Figures necessary and of good quality (color)

• Table and figure numbers in Arabic letters (not
Roman).

• Labels pasted on back of the photographs (no
names written)

• Figure legends provided (not more than 40
words)

• Patients’ privacy maintained, (if not permission
taken)

• Credit note for borrowed figures/tables provided

• Manuscript provided on a CDROM (with double
spacing)

Submitting the Manuscript

• Is the journal editor’s contact information
current?

• Is the cover letter included with the manuscript?
Does the letter:

1. Include the author’s postal address, e­mail
address, telephone number, and fax number for
future correspondence?

2. State that the manuscript is original, not
previously published, and not under concurrent
consideration elsewhere?

3. Inform the journal editor of the existence of any
similar published manuscripts written by the
author?

4. Mention any supplemental material you are
submitting for the online version of your article.
Contributors’ Form (to be modified as applicable
and one signed copy attached with the
manuscript)
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