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ABSTRACT   

 Tuberculosis (TB) is an infectious disease caused by the bacillus Mycobacterium 
tuberculosis and spreads through air by a person suffering from TB. A risk map is derived based 
on socio-economic, environmental, health facilities, and Biological characteristics for 
quantifying the infection risk of the locality. The inter relation between the environmental 
variables, meteorological parameters, and socio economic variables such as rainfall, 
temperature, family income and population density with respect to number of past cases have 
been studied using regression model. Risk is calculated by mean of the probability of 
occurrence of tuberculosis and vulnerability to the infection. The risk map is computed by using 
statistical techniques to form spatial maps. An alert system is developed by using GIS from the 
background of geospatial data and later published to the web using open source internet GIS 
technologies. 

Keywords: Mycobacterium tuberculosis, Regression, vulnerability, GIS. 

1.  INTRODUCTION 
The 1990 World Health Organization (WHO) report on the Global Burden of Disease ranked 

Tuberculosis (TB) as the seventh most morbidity causing disease in the world, and expected it 
to continue in the same position up to 2020 [1].  Each year, 8.74 million people develop TB and 
nearly 2 million die. This means that someone somewhere contracts TB every four seconds and 
one of them dies every 10 seconds [2]. Unless properly treated, an infectious pulmonary TB 
(i.e., the TB of lungs) patient can infect 10-15 people in a year [3]. TB is the most common 
opportunistic disease that affects people infected with HIV. As HIV debilitates the immune 
system, vulnerability of TB is increased many fold. It is estimated that without HIV, the lifetime 
risk of TB infected people developing tuberculosis is only 10%, compared to over 50% in the 
case of people co infected with Human immunodeficiency virus HIV and TB [4]. HIV is also the 
most powerful risk factor for the progression of TB infection to the disease. In a reciprocal 
manner, TB accelerates the progression of HIV in to Acquired Immune Deficiency Syndrome 
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(AIDS), thus shortening the survival of patients with HIV infection. Fortunately, TB is a curable 
disease even among the HIV infected people. The prevalence of TB and HIV co-infection 
worldwide is 0.18% and about 8% TB cases have HIV infection [5]. Currently, factors such as 
booming population, environmental pollution and rapid urbanization in many countries and 
global warning influence the conditions for disease outbreaks. Disease studies have revealed 
strong spatial aspects of disease diffusion. Thus, mapping spatial aspects of diseases could help 
people to understand some puzzles of disease outbreak. Unlike the raw disease data and 
disease maps offer a visual means of identifying cause and effect relationship existing between 
humans and their environment. Disease maps can enable health practitioners and the general 
public to visually communicate about disease distribution. 

TB is generally considered to be linked to industrialization and urbanization. Peaking in the 
1800 sand receding slowly after, the disease declined sharply in the West after World War II. TB 
has made a comeback in the last 20 years in developing countries such as China and India. 
Because socio-economic conditions alone cannot explain the connection between 
industrialization and TB. Historical statistics on coal consumption and TB disease in Canada, USA 
and China are correlated. A hypothesis linking TB and air pollution is developed in the context 
of industrialization. Historical statistics support a hypothesis linking tuberculosis and air 
pollution caused by coal. Trembla model is proposed whereby triggering of the interleukin-10 
(IL-10) cascade by carbon monoxide in lung macrophages promotes the reactivation of 
Mycobacterium tuberculosis. Remotely sensed data can be used to identify, monitor and 
evaluate environmental factors between vector and environmental relationships. Recently, 
Geographic information system (GIS) and remotely sensed data are being used to evaluate and 
model the relationships between climatic and environmental factors with incidences of viral or 
bacterial borne diseases. Spatial analysis involves the use of Geographic Information System 
(GIS) for health that has been reviewed by several authors [6]. Both spatial and temporal 
changes in environmental condition may be important determinants of vector borne disease 
transmission. Remote sensing data can be used to provide information on spatial distribution of 
the vector vector-borne diseases and the physical environment [7].  Wong et al., 2006 
presented on development of An Alert System for Informing Environmental Risk of Dengue 
Infections using Remote Sensing and GIS has discussed on incidence of dengue with the 
environment and climate [8]. In this study the factors used for analysis are interrelationship 
between ovitrap index (This is a measurement of mosquito eggs in specified geographic  
location, which in turn reflects the distribution of  Aedine mosquitoes) and temperature. An 
alert system is created using risk level spatial map of locations. Use of Remote sensing and GIS 
helped to understand the behaviour of dengue vectors and its inevitable linkages with the 
environmental factors. 

GIS tools have been applied to investigate the spatial relation between malaria risk and 
distance from breeding sites [9].  However, no attempt has been made to explain, on a larger 
scale, the existing disease patterns by linking disease incidence data with environmental, 
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population, socioeconomic and entomological features on a GIS platform. Smith 2008 have 
carried out study on linking the tuberculosis occurrence and environmental pollution due to use 
of coal and he found that  overall coal consumption when compared to TB notification rates, 
shows an apparent close relationship between global increases in coal consumption and TB 
disease notification rates [10]. TB incidence and coal use have increased in a similar fashion in 
the last 20 years, with simultaneous peaks around 1986, 1990 and 1996. However  no attempt 
is made to relate the existing tuberculosis incidence with environmental factors like 
(temperature, rainfall) population, socioeconomic feature on GIS platform. Mandy  Tang and 
Cheong-wai Tsoi  done a study on GIS initiatives in improving the dengue vector control they 
reviewed the methodology adopted in Hongkong for control of the disease and proposed a GIS 
based approach to enhance the management and monitoring of the disease, by considering 
temporal, environmental and climatic factors. For this they used the correlation between 
ovitrap index and the various meteorological factors such as temperature and rainfall using 
conventional correlation and regression techniques [11]. This study helped them to understand 
that the GIS approach can be used to analyze spatial patterns of vector borne diseases. Spatial 
analysis techniques in a GIS can help determine the most likely areas of mosquito infestation. 
The GIS techniques can also help understand correlations between climatic factors and vector 
surveillance data (e.g. ovitrap indices). The use of GIS in disease modeling like tuberculosis 
requires the relationship between the environmental and meteorological factors with the 
incidence of disease cases in specific. This study provide social level risk map to improve 
prevention measures using GIS technologies. The use of RDBMS technologies to link this 
information with environmental factors and establish a model, and to publish this risk spatial 
map to web using open source internet GIS technologies. 

Geographical Information Systems (GIS) has strong capabilities in mapping and analyzing 
not only spatial data, but also disease data, and can integrate many kinds of data to greatly 
enhance disease surveillance. It can render disease data along with other kinds of data like 
environmental data, representing distribution of contagious disease with various cartographical 
styles. Meanwhile, the rapid development of the internet technologies influences the 
popularity of web-based GIS, which itself shows great potential for sharing of disease 
information through distributed networks. The overall objective of this study is to generate an 
alert system using GIS modeling for the tuberculosis prone areas based on socio-economic 
environmental health facilities and individual biological characteristics. The study focuses on 
generation of the social risk spatial maps for tuberculosis incidences using socio-economic, 
environmental factors and incidences of Tuberculosis in GIS environment. Finally these spatial 
risk maps are published on web using open source Internet GIS technologies for the sharing of 
the risk indices to the general public and governmental agencies. 
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2.  STUDY AREA  
Uttarakhand is located in the northern part of India and has a total geographic area of 

51,125 sq kms (figure 1). The co-ordinates of Uttarakhand are 28o C 43' N to 31o C 27' N 
(Latitude) and 77o C 34' E to 81o C 02' E (Longitude). Almost the entire region of Uttarakhand is 
covered by mountains (approximately 93%) and forests show up on about 64% of the 
mountains. The primary reason for selecting the study area is, in Uttarakhand state there are 
several cases of tuberculosis, especially in districts like Dheradun and Haridwar according to the 
performance report of the Revised National Tuberculosis Control Programme (RNTCP) there are 
more than 1000 cases in Dehradun in the year of 2009 and same in the other districts as well 
hence, it is meaningful to study about the Uttarakhand area.  The spatial data is prepared up to 
the districts level using administrative data. Individual districts are provided with districts name, 
total population,  income,  and number of TB cases in different year. 

 
Figure 1: Location of the study area 

3. METHODOLOGY 
This study is carried out to identify the significant parameters namely socioeconomic 

indicator of Tuberculosis. Uttarakhand state map is categorized up to the district level along 
with district name, area, population, past TB cases, meteorological data. Tuberculosis incidence 
data are collected from the RNTCP (Revised National Tuberculosis Control Programme) 
performance report of Uttarakhand. This data include information about all suspected and 
confirmed tuberculosis cases reported during the year 2008 and 2009 for each quarter of the 
year according to each district in Uttarakhand. Data on average rainfall and temperature is 
obtained from the websites Indian Meteorological Department. To determine the correlation 
between socio economic factors and tuberculosis incidences, correlation and regression 
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method is used. Using these parameters and tuberculosis data social risk map is generated. The 
risk map is then published on web using internet GIS technologies [12]. A general scheme of 
work flow is given in figure 2. 

 
Figure 2: Methodology  

 Climate data is compared with tuberculosis incidences data to evaluate tuberculosis 
favorable conditions, because of the reason that Tuberculosis is a disease whose occurrence 
depends on several environmental and socio-economic variables like temperature, rainfall, 
population. Surrounding environment, income details based on the previous studies, and 
knowledge about the occurrence of tuberculosis disease factors used in this study. These 
factors are related with the occurrence of tuberculosis, and their individual correlation is found 
to show how much each of them is correlated with disease occurrence.  

      Base map 
 

SOI data 

Calculation of TB risk 
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statistics 
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Now, the risk R is calculated by the formula given by Mohammed et. al given location[13].    

R= P×V ………… (1) 

Where, P is probability of occurrence of the disease at given location and V is expression of 
certain context, condition conductive. The probability P is expressed as: 

P=k0+k1*(x1)+k2*(x2)+k3*(x3)+k4*(x4) ………… (2). 

 

x1=Temperature data  

x2= Rainfall data 

x3= Population 

x4= Family income 

k0,k1,k2 k3 and k4 are correlation coefficients. Similarly vulnerability V represents: 

V= (Y1×Y2×Y3)/Y4  …………… (3) 

 Where, 

Y1=Individual biological factors (immuno-deficiency). 
Y2=Social and economic circumstances (crowding, poor nutrition). 
Y3=Environmental and institutional factors (silica dust, pollution). 
Y4=Availability of health facilities. 

Correlation and statistical analysis are the major tools used in the study for investing and 
testing the relation between various parameters and tuberculosis incidences. Various variables 
like temperature, rainfall, population, and family income are taken in account for analysis. From 
the various variables the four variables namely temperature, rainfall, income and population 
that are significantly correlated to tuberculosis incidence are submitted to the multiple 
regression analysis. In the multivariate case there is more than one independent variables, 
therefore the regression line cannot be visualized in two dimensional spaces. However, it is 
possible to construct a linear equation containing all the variables in general multiple regression 
using the equation. 

Y=k0+k1*(x1)+k2*(x2)+k3*(x3)+k4*(x4) …… (4) 

Y=incidence of tuberculosis (dependent variable) 

x1=Temperature data 

x2= Rainfall data  

x3= Population 

x4= Family income and k0,k1,k2 k3 and k4 are correlation coefficients. 
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The regression coefficient represents the independent contribution of each independent 
variable for the prediction of the dependent variable. Multiple regression analysis was done 
using the MATLAB tools. Using raster surfaces for each of the independent variables probability 
surface is generated. Interpolation techniques are used for generation of raster surfaces using 
correlation parameters for probability surface   using raster calculator in Arc GIS. Avaibility of 
health facilities and individual biological factors like (cases of HIV) is used for generation of 
vulnerability surface. Since risk is the combination of probability and vulnerability is already 
defined risk surface is also generated using spatial analyst techniques. The final risk map is 
published on intranet using Geoserver tool, which is the reference implementation of the Open 
Geospatial Consortium (OGC) based Internet GIS tool having Web Feature Service (WFS) and 
Web Coverage Service (WCS) standards, as well as a high performance certified compliant Web 
Map Service (WMS) [12]. 

4. RESULTS AND DISCUSSIONS 
Using socio-economic, environmental, and individual biological factors probability and 

vulnerability to the occurrence of tuberculosis maps are generated using GIS technologies. 
Based on the other factors like temperature, rainfall, population density and family income 
along with the correlation coefficients for each of the parameter probability of occurrence of 
tuberculosis is calculated. Raster surface for temperature is created using the krigging 
interpolation techniques, similarly raster surface is created for the average rainfall values using 
thiessen polygon interpolation algorithm. Using these surfaces regression coefficients are 
derived for probability to the occurrence as per the following equation. 

P=2830.8 + (30.30) ×RAIN - (114.6) ×Temperature + (.025) ×Population   density + (.02) × 
Family income……. (5) 

Using multiple regression analysis coefficients of multiple determination value for different 
parameters are calculated (R square ) which comes out to be 0.7289 which means that 72.89 % 
of change in tuberculosis incidences can be explained by the change of independent variables, 
therefore this  analysis is significant at 95% confidence interval. Table 1 shows the coefficients 
of multiple determination value of the different parameters. 

Table 1. Coefficient of multiple determination values 

Parameter R value 
Temperature 0.58 
Rainfall 0.41 
Population 0.09 
Income 0.05 
HIV 0.42 
Overall 0.72 

R square for temperature is 0.5681 means 56.81% of change in tuberculosis incidence can 
be explained by the change in temperature values.  Similarly 40.12 % of change in tuberculosis 
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can be explained by the independent change in rainfall values. As it is clear from the R square 
value of the regression that the independent variables are significantly correlated to the 
incidences of tuberculosis. Using these correlation coefficients and the raster surface created 
for all independent variables surface for probability is evaluated using the in Arc GIS software 
tools.  As from the multiple regressions analysis there is significant relationship between actual 
and predicted values of the tuberculosis incidences. The correlation graph is as shown in the 
figure 3. 

 

Figure 3.  Actual Vs Predicted values of tuberculosis incidences 

The probability surface is generated with the inputs of rainfall, population density and 
family income in a spatial environment. Figure 4 shows the spatial distribution of probability 
surface generated in GIS environment.  The spatial distribution of probability of disease in the 
state is classified into five categories namely very high, high, moderate, low and very low. 
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Figure 4: Probability distribution surface. 
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Figure 5: Vulnerability distribution surface 

After evaluating the probability surface, vulnerability to the occurrence of tuberculosis is 
calculated, based on the vulnerability criteria as per the equation 3. Figure 5 shows the 
vulnerability representation of the Uttarakhand state. 
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Figure 6. Risk Map for occurrence of tuberculosis in Uttrakhand  

Finally the risk values for the tuberculosis are calculated on the basis of equation 1. Like 
probability and vulnerability surfaces the final risk is also classified in five different classes. 
Figure 6 shows the final risk values for the tuberculosis distribution on the state of Uttarakhand. 
According to the risk map obtained, the districts namely Dheradun, Haridwar, Nanital and U.S 
Nagar are at higher risk to the tuberculosis infection. This is because of the reason that this part 
of region is having more number of past cases of tuberculosis and highest cases of HIV in the 
state as compared to other districts, along with other dominant parameters. The temperature 
value is relatively high in these areas supported by high population density. Districts namely 
Uttrakashi, Chamoli, Ghrhwal are at low risk to the tuberculosis infections because of low 
temperature and low population density less number of past cases of tuberculosis. The risk map 
along with vulnerability and probability parameters are published on the web using open 
source Geoserver. 

5.  CONCLUSION 
This study demonstrates the use of GIS technologies for disease surveillance which plays a 

major role in public health and epidemiology. Study also illustrate the spatial statistical analysis 
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can help to identify and visualize potential risk areas of the disease. The criteria to visualize the 
spatial distribution of the risk to the tuberculosis provide the information on incidences of 
infections and provide a more objective way of defining risk levels with the aid of GIS unlike the 
conventional practice of posting statistics about the disease occurrence in tabular formats. This 
allows visualization of the various variables dependence on occurrence of tuberculosis in 
association with five risk levels for easy interpretation by the decision makers. 

This study illustrates a method for expressing alert warnings in the spatial scale. The use of 
spatial graphics provide a clearer picture and an easy way to understand the severity or spread 
of tuberculosis infections which is considered more superior to the data presented in statistical 
and textual formats. In addition statistical analysis allows the user to explore contribution of 
the various factors in occurrence of tuberculosis. The study therefore serves as both objective 
platform for informing risks and a tool for evaluating the influence of various factors on the risk 
levels. 

It is anticipated that the risk alert system can contribute to the prevention of tuberculosis 
infections in real situations. This can be effective means for of raising awareness of the public in 
tuberculosis risk. However an effective prevention will require active participations from all the 
sectors of community and individual family aiming at awareness about the causes of 
tuberculosis and its prevention. 
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ABSTRACT 

In the present paper, we have studied human Immunoglobulin G (IgG) in Duchene muscular 
dystrophy using nuclear magnetic resonance spectroscopy. A comparison with normal controls 
is also made. Some of the groups like phenylalanine ( -CH) , cysteine , serine  are not found in 
DMD patients . These groups are found in healthy controls. A group Leuicine ( -CH) was 
appeared in cases only . NMR spectroscopy is a powerful tool to detect the chemical groups of 
amino acids in serum.  

Keywords : Chemical shift; Gyromagnetic ratio , Nuclear Magnetic Resonance; 
Immunoglobulin G ; Duchene muscular dystrophy . 

1. INTRODUCTION 
In the present work we intend to report our studies on macromolecule involved in Duchene 

muscular dystrophy using nuclear magnetic resonance (NMR) technique. Our main aim is throw 
light on the crucial mechanisms, which are responsible for transition from normal state to 
dystrophic state. Nuclear magnetic resonance (NMR) technique of spectroscopy branch is a 
next step of X-ray crystallographic studies. This method can provide high resolution structure of 
biological molecules. These macro molecules are proteins and nucleic acids and their complexes 
at atomic resolution. When a molecule is placed in a magnetic field its electrons are made to 
circulate and while circulating they generate secondary magnetic field. Circulation of electrons 
about the proton itself generate a field aligned in such a way that act at the proton it opposes 
the applied field. The field experienced by the proton is diminished and the proton is said to be 
shielded. Circulation of electrons about nearby nuclei generates a field that can either oppose 
or reinforce the applied field at the proton depending on the proton location. If the induced 
field opposes the applied field, the proton is shielded. If the induced field reinforces the applied 
field, then the field felt by the proton is de-shielded. Compared with a naked proton, a shielded 
proton requires a higher applied field strength to provide the particular effective field strength 
at which absorption occurs. 
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Shielding thus shifts the absorption up field and de shielding shifts the absorption 
downfield. Such shifts in the NMR absorption, arising from shielding and de shielding by 
electrons are commonly called chemical shift ( ( )δ ) and are measured in parts per million (ppm). 
The 1H atom is the atom present in proteins that can be observed by NMR. Low natural 
abundance of  13C atom can be used to some extent, and 13C and 15N atoms can be incorporate 
into the protein during biosynthesis. All the 1H atoms of a protein can be observed, except 
those labile hydrogen atoms of  –NH–, –NH2, –OH, and –SH– groups that are exchanging with 
hydrogen atoms in the aqueous solvent at rapid rates. 

An NMR spectrum is a graph of the intensity of absorption (or emission) between 
frequencies. The spectrum of NMR generally appears in the low range of frequency, i.e., 10 to 
800 MHz. Positions of the lines can be measured in ppm. This shift scale tells about the 
frequencies. It has given that frequency of NMR line is directly proportional to the magnetic 
field strength [1]. NMR spectroscopy is a powerful tool for both qualitative and quantitative 
analysis of organic compounds. There is a little use in clinical laboratory. The cost and 
complexity of the instrumentation is that NMR has not had sufficient quantitative sensitivity for 
most compounds of clinical interest. NMR spectra provide so many informations related to 
clinical aspects of the human system. The position of peaks determined by chemical shifts and 
spins – spin coupling constants, are characteristic of particular compounds and useful for 
quantitative analysis. The peak areas under some appropriate conditions are proportional to 
the number of resonating nuclei. This provides accurate quantitative analysis. Relaxation times 
and peak widths give informations about molecular dynamics and chemical kinetics .A single 
spectrum discloses the presence of any detectable compound. This technique may be used as a 
screening technique in selected situations  NMR may also be used to screen for ingested toxins 
at high concentrations  If a patient is alcoholic serum of the patient has high osmolality. We can 
eliminate problems of extractions recovers, contamination, or other artifacts by performing 
measurements directly on human serum. 

2. BASIC THEORY OF NUCLEAR MAGNETIC RESONANCE 
SPECTROSCOPY 

The nuclear magnetic moment is a quantum mechanical feature of a nucleus. NMR is based 
on the following principle. If a nucleus is well placed in a magnetic field which is static in nature, 
the nuclear spin will start to process around this applied field. This happens due to the fact that 
magnetic moment ( ) of the nucleus is related to the nuclear spin   by the following relation. 

 

The nuclear magnetic moment is a quantum mechanical feature of a nucleus. NMR is based 
on the following principle. If a nucleus is well placed in a magnetic field which is static in nature, 
the nuclear spin I



will start to process around this applied field. This happens due to the fact 
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that magnetic moment ( µ
 ) of the nucleus is related to the nuclear spin I



 by the following 
relation. 

 Iµ = γ




                                                                                  (1)       

  We may see a precession called Larmor precession in the Figure 1.  

Z

Y

X

cB


µ


Lf

 
Figure 1 : Larmor precession 

 

γ  is called gyromagnetic ratio of the nucleus.  

The frequency of this precession is called Larmor frequency and is given by the following 
relation  

                                                           f BL 02
ν

=
π

                                                                                   (2) 

0B  is magnitude of the magnetic field  

This field is aligned with Z- axis and Lf  is termed as Larmor frequency. 

Each isotope has a well-known gyromagnetic ratio. 2 42.58γ = π×  MHz /T (for protons) 

 Some informations have supplied regarding adiabatic change in magnetic field by [ 2]  . If 
the change of direction of the magnetic field is sufficiently very slow, the axis of the precession 
cone of the magnetization vector follows the direction of the field. The angle of the cone will be 
unchanged. 

If we consider the momentary rate of change of B


 as 

                      1
d B B B
dt

= Ω ∩ + Ω ×
  

                                                              (3) 

The rate of change of B


 is expressed as the sum of the two components, perpendicular and 
parallel to B



. The quantities Ω  and 1Ω  are dimensions of 1S−  can be interpreted as Ω  

determines the angular velocity with which B


 changes its direction and 1Ω  determines the 

speed of change of B


. If the coordinate system is Cartesian in which z -axis follows B


 and 
maintains the direction. The motion of the magnetization in the rotating frame of reference is 
given below 
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d M M B
dt

 Ω
= γ × + γ 

                      (4) 

If we have no quadrupole interaction, the motion of the quantum mechanical spin moment 
µ
  can be explained classically. We may add all these spin moment of an given ensemble of 
nuclei add up to a magnetization vector which is given here as  

                                                           k
k

M = µ∑




                                                                                                  (5) 

M


 is called macroscopic magnetization. We can manipulate this magnetization vector in 
NMR experiment. Bloch [3] was the first scientist who described the equation of motion of this 
magnetization vector. Because it is composed of magnetic moment, it will experience a torque 
M B×
 

 on putting in a magnetic field B


.On the basis of this act we may conclude that as a result 
of this any magnetization which is de aligned with the magnetic field will presses around this 
field. The change in magnetization together with an extra relaxation contribution gives a Bloch 
equations which is given below   

                                     ( )dM(t) M(t) B(t) R M(t) M(0)
dt

= × − −
   

                                                                          (6)                    

Here R is tensor represents the relaxation mechanism. 

We may write Bloch equation in three Cartesian coordinate along all the three coordinate 
axes respectively. 

            
( ) ( ) ( ) ( ) ( )Z

x y y x

dM t
M t B t M t B t

dt
 = γ −   ( )1 z 0R M t M− −   ,                                       (7)  

            
( ) ( ) ( ) ( ) ( )x

y z z y

dM t
M t B t M t B t

dt
 = γ −  ( )

x2R M t −   ,                                                 (8)                                                                                                                                                                                          

                          
( ) ( ) ( ) ( ) ( )y

z x x z

dM t
M t B t M t B t

dt
 = γ −  ( )2 yR M t −                                                     (9)       

If we are dealing with pulsed NMR spectroscopy under the rotating frame for short pulse 
duration 11/ Rτ <  or 21/ R  and if it is time independent 1B  and ϕ  then Bloch equations became. 

                                    
( ) ( ) ( )z r r

x y y x

dM t
M t B M t B

dt
 = γ −                                                                            (10)                            

                                    
( ) ( ) ( )x

y z y

dM t
M t M t B

dt
= −Ω − γ                                                                                  (11) 

                                     
( ) ( ) ( )y r

x z x

dM t
M t M t B

dt
= Ω + γ                       (12) 

 These equations can be written in matrix form 
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                                 ( ) ( )
( )
( )

r
x y

r
y x

r r
z y x

M t 0 B
dM t d M t 0 B

dt dt
M t B B 0

 −Ω −γ 
  = = Ω γ  
   γ −γ   

                                                     (13)                    

and                          

  ( ) ( ) ( ) ( ) ( )p x y zM R R R M 0τ = φ θ α                                           (14) 

 If we apply a radio frequency (RF) field. The total magnetic field is the sum of the static 
magnetic field 0B



 and the time varying magnetic field produced by the RF field RFB (t)


: 

 0 RFB(t) B B (t)= +
  

      (15) 

If RF is relatively small then  

 ( )
( )
( )

1 RF

RF 1 RF

B cos t
B t B sin t

0

ω + ϕ 
 = ω + ϕ 
  



      (16) 

1B  is the strength of the RF magnetic field and is directed perpendicular to the Z –axis, RFω  
is the frequency, ϕ  is a phase offset of the field.  

Bloch equation can be solved easily on the basis of this fact if we consider a coordinate 
frame rotating with the RF frequency, i.e., fixed to 1B



. We have already known about this static 
coordinate frame which is called laboratory frame and this rotating frame is called rotating 
frame of reference. 

Under the influence of this rotating frame, the precession of the magnetic moment µ
  of a 

nucleus is described by the following equation  

  RF
0B

t
ω ∂µ

= γµ× + ∂ γ 






        (17) 

This equation (17) shows that the effective magnetic field in the rotating frame of reference 
along the Z-axis is given by the following relation  

 RF
eff 0B B ω

= +
γ





        (18)  

The total magnetic field within this frame can be written as  

 ( )
( )
( )

1

1

0 RF /

B cos
B t B sin

B γ

 ϕ
 = ϕ 
 − ω 



      (19) 

If the RF frequency RFω  is exactly equal to Larmor  frequency Lω , the Z-component of this 
total magnetic field in the rotating coordinate frame is equal to zero due to resonance 
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condition given by equation (1) Now magnetization will process within the rotating frame 
around the direction of 1B



 with a frequency 

  1 1f B
2
γ

=
π

             (20) 

The magnitude of RF field is much smaller than the main magnetic field, 1f  is also the 
Larmor frequency. If we have applied 0B  is 1 T then 1f  will be equal to 42.58 MHz. Radio 
frequency (RF) is to be kept at same frequency. The amplitude of this field 1 mT. For a rotation 
of magnetization by a quarter of a full cycle ( 090  pulse), RF field needs to be 6 sµ . We may say 
not only 090  pulse can be applied by the RF field, but more general value of angle of rotation β  
is given by the relation  

 1 RF2 f tβ = π        (21) 

This angle is called flip angle RFt  is the duration of the RF pulse. The phase offset ϕ  between 
the rotating frame and the RF signal in equation (21) determine the axis around the rotation of 
M


 will occur. If a β  pulse is giving a rotation around the x′  -axis is denoted by x′β  (flip angle of 
pulse). We shall consider here the action of a RF pulse on this magnetization as viewed in the 
rotating frame is presented in Fig. 2. 

Z'

Y'

X'

M


β

0B


 

Figure 2: Rotation of magnetization with in the rotating frame of reference induced by a x′β  pulse. 

 The magnetization, which was originally aligned with the z′  axis of the rotating frame, now 
has changed into  

  ( ) 0

0
M t M sin

cos

 
 = β 
 β 



              (22)  

0M  is original amplitude of this magnetization. This magnetization is stationary in the 
rotating coordinate frame, but in the laboratory frame, it is still processing  with Larmor 
frequency. 
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Relaxation speed may be defined as linearly dependent on the difference of the actual 
magnetization and the equilibrium magnetization M(0)



. This will give exponentially decaying 
magnetization components.  

  If 1B


 is aligned with the z-axis, the relaxation tensor can be written as in the laboratory 
frame  

                                                       
2

0 2

1

1/ T 0 0
R M 0 1/ T 0

0 0 1/ T

 
 =  
  

     (23) 

1T  and 2T  are called longitudinal and transverse relaxation times respectively.  

The physical background of the two relaxaton mechanisms is different. The longitudinal 
relaxation time is the spins need to exchange energy with the surroundings thermal reservoir or 
lattice. We may termed  as spin –lattice relaxation time. The transverse relaxation time is the 
time in which spin dephase due to interactions with their neighbours and the presence of fast 
changing molecular fields. It is called spin – spin relaxation time. 

 Spin lattice relaxation time is calculated with the help of an equation which is given here as  

                                ( ) ( )z
1 0 z

dM t
R M M t

dt
= −                (24) 

 Transverse relaxation time may be calculated by the help of eq. (a) and (b) of eq. (25) as  

  ( ) ( )x
2 x

dM t
R M t

dt
=                (25a)  

 ( ) ( )y
2 y

dM t
R M t

dt
 =               (25b) 

NMR spectroscopy can be used in protein dynamics and some of the calculations are shown 
here. The spectral density function ( )J ω  may be related to the relaxation rates. 

The probability function of finding motions at a given angular frequency ω  can be described 
by the special density function as  

  ( )
( )

c
2

c

2
J

1
τ

ω =
+ ωτ

            (26) 

The  relaxation rates which are associated with the protein dynamics given below.  

                                   ( ) ( )1 N H NR 3AJ AJ= ω + ω − ω ( ) ( )H N N6AJ BJ+ ω + ω + ω     (27) 

   ( ) ( ) ( )2 N H N
3A AR 2AJ 0 J J
2 2

= + ω + ω − ω ( ) ( )NH H3AJ 3AJ+ ω + ω − ω ( ) ( )N
2B BJ 0 J
3 2

+ + ω                    (28)                

                                      ( ) ( )H N H NAJ 6AJσ = − ω − ω + ω + ω       (29) 
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Coefficient A and B are 

                                     
2 2 2 2

0 N H
6

NH

A
4 4r
µ γ γ =  π 

 ,                                   (30)  

                      
2 2 2

N 0 NB
B

3
∆σ γ

=                                                                (31)  

Nuclear Overhauser effect (NOE) may be calculated and it is given here 

                              H

1 N

NOE 1 .
R

γσ
= +

γ
              (32) 

0µ is the permeability of the vacuum, Nγ  is gyromagnetic ratio of the 15 N  nucleus, Hγ  is 
gyromagnetic ratio of the 1H  nucleus,   is plank’s constant , NHr  is 15 1N H−  inter-nuclear 
distance, N∆σ  is chemical shift of anisotropy of the 15 N  nucleus, 0B  is static magnetic field 
strength  

 It has been well established that the use of NMR spectroscopy in the field of biology is 
vast and very much fruitful in studying the structure of protein in detail. Small amount of the 
sample is needed for study. Due to this fact we have used NMR technique and applied it to 
study the structure of human immunoglobulin G (IgG). Immunoglobulins are called as globular 
proteins. 

The proton is most widely used nucleus for applications of NMR spectroscopy in clinical 
investigations. The wide spread biological applications of NMR can not be covered in small 
detailed work. We may use NMR to detect the correct diagnosis of diseases.  

The nuclear spin is associated with a magnetic moment which is required for obtaining 
nuclear magnetic resonance. This also defines the basic resonance frequency. It has been seen 
that at 14.1 Tesla there is a resonance frequency of 600 MHz for 1H  and 150 MHz for 13C . Every 
spin in a given molecule produces a nuclear magnetic resonance line. The resonant frequency 
at exact position depends on the chemical environment of each spin. The NMR spectrum of 
protein shows NMR signals with slightly different frequencies. The difference in frequencies is 
called chemical shift. The assigning of these chemical shifts of all the atoms of the molecule is a 
step in determination of structure of a molecule by NMR. Experimental parameters may be 
measured after the assigning of NMR signals. Structural informations derived from NMR spectra 
are completely based on nuclear Over hauser effect (NOE). This effect is due to dipolar 
interactions between different nuclei. The intensity of NOE is given by the following relation  

                                                
( )

c
1NOE f ( )

6r
∝ τ                                                                            (33) 

r is called the inter nuclear distance  

cf ( )τ  is called the correlation functions.  
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This function describes the modulation of the dipole – dipole coupling by stochastic rate 
process, with an effective correlation time cτ .  

NOEs may be observed between protons which are separated by less than 5 -6 Å. A new 
factor which is called J coupling constant are mediated through chemical bonds may provide 
some information about dihedral angles. These can define peptide backbone and side chain 
conformations. Residual dipolar coupling (RDC) and Cross correlation relaxation effect (CCR) 
have been shown to provide distance independent projection angles for bond vectors. These 
are N-H and Cα  & Hα  bonds in proteins. The residual dipolar couplings may be measured in 
anisotropic solution also.  

It has been reported in the literature the 3-D structures can be obtained for proteins up to 
50 kDa molecular weight. Pelton et.al. [4] have used this technique and NMR spectra can be 
recorded for molecules well above 100 kDa. The use and application of biomolecular NMR in 
structural biology are introduced. Biomolecular NMR may provide very important information 
in solution for structure   determination  . This sophisticated technique of spectroscopy   can 
provide information about the conformational or chemical exchange, internal mobility and 
dynamics at time scales. The averaging of side chain conformation may be estimated and the 
populations of different conformations can be determined. NMR may provide information on 
the location of secondary structural elements within the protein sequence. 

3. REVIEW OF THE LITERATURE 
The application of NMR in the study of biological molecules has become an important 

ingredient. This technique was first applied to investigate the bulk material by Purcell [5] and 
Bloch et. al.  [3]. Pioneering work was carried out by Jardetzky et.al . [6], Kowalsky et.al. [7] and 
McDonald. et.al. [8] in the field of relevant biomolecules. Proteins are the most studied by 
biopolymers. The protein spectra are very complex and simulation by mixing of amino acids 
does not produce the replica of the observed spectra in them as the intricate folding at the 
polypeptide chain makes major changes in both chemical shift as well as relaxation effect (line 
broadening). 

Important structural information are revealed by NMR spectra, which are characterized by 
parameters like peak position, width, intensity and multiplicity of its line. One can find the 
different proton groups present in the molecule by the number of lines present in NMR of a 
particular molecule. The integrated area of a line gives the relative number of protons in each 
groups and also information about the environment of the molecule. The hyperfine splitting 
reveals the interaction between a particular nucleus and its neighbors. The line width increases 
with the size and rigidity of the molecule. However in a large molecule there is an overlapping 
of peaks which can be overcome by increasing the frequency of the spectrometer. The NMR 
spectra arise due to the absorption of energy during transition from low (more populous) to the 
higher (less populous) energy state in a nucleus. The detectable absorption is characteristics of 
the environment of the nucleus. With the variation of frequency the resonance will be the 
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function of the local molecular environment and of the magnetic field in which the nucleus find 
itself. 

Improvement in NMR technology is one of the most recent method, applied to the 
diagnosis of human diseases [9-12]. Chalovich et.al.  have given  a statement  that  the nuclei 
common in tissues 1H  was used for NMR imaging of the organs of human subjects and to 
analysis the composition of human serum of the various applications of NMR for medical 
purpose, the method is most sensitive for analysis of serum. Bradbury et.al. [13]   has also 
applied NMR in the investigation of structure of histones Leeet.al. [14] and Chapman et.al.[15]  
have studied  molecular basis of interaction of histones  with nucleic acid, analysis of flexibility 
gradient in phospholipids membranes and in understanding the biological importance of bound 
water.  

Wüthrich [16] has supplied informations related to NMR studies of structure and function of 
biological macromolecule. NMR spectroscopy is unique among the techniques available in 
science for 3-dimentional structure determination of proteins and nucleic acids. NMR can be 
done in solution. Body fluids such as blood, stomach liquid and saliva and protein solutions 
where these molecules perform their physiological functions. Study of the molecular structures 
in solution is to much relevant and desirable. Solution conditions such as the temperature, pH 
and salt concentration can be adjusted so as to closely mimic a given fluid (physiological fluid). 
Solutions can be changed into non-physiological conditions such as protein denaturation. NMR 
investigates the dynamic features of the molecular structure, as well as studies of structural, 
thermodynamic and kinetic features of interactions between proteins other solution 
components. These may be other macromolecules or low molecular weight ligands. 

 Some of the major improvements in NMR hardware and methodology have been made 
by the scientists. Due to these improvements the use of NMR for the characterization of 
structure and dynamics of biological molecules in solution has become very important. These 
improvements are still into consideration and on going and are designed to overcome the main 
problem with NMR of biomolecules, namely signal to noise ratio and spectral overlap. 
Biomolecular NMR spectroscopy may give information about conformational dynamics and 
exchange processes of biomolecule at time scales ranging from 810− seconds (picoseconds to 
seconds). This technique is also effective in determining ligand binding and mapping interaction 
surfaces of protein /ligand complexes. Proteins are orders of magnitudes larger than the small 
organic molecule. NMR spectroscopy is applied to study of proteins because increased number 
of each element present in the molecule. 

 Kurosu et al. [17] have studied synthetic macromolecules with the help of NMR. NMR 
has been the most suitable technique to characterize and to investigate the correlation 
between the structure and physical properties. Prior  [18] has studied NMR in living systems 
such as eye, tissue of heart muscle, reproductive tissue, brain, liver, bone marrow, etc. The 
author has reported that the linewidth of lipid and water differed significantly between groups.  
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 Jardetzky [19] has reported the finding on determination of macronuclear structure and 
dynamics by using NMR. He pointed out the basic problem of interpreting spectroscopic data in 
structural terms from the fact that measured parameters represent motional as well as 
ensemble averages. If we have a non-rigid system, a unique correlation between measured 
spectroscopic parameters and structural parameters such as interatomic distances and 
coordinates does not exist. A straightforward calculation of the structure is not possible. NMR 
parameters are the function of distances, motions, frequencies and amplitudes. These 
parameters can supply the well-defined relationship regarding the interatomic distances. 
Hounsell [20] has studied carbohydrates, lipids and membranes with the help of NMR. There is 
a study on cerebrospinal fluid of different diseases and a clear cut differentiation was found in 
the atomic and molecular level in terms of chemical shifts. Simpson [21] has studied and 
reported the findings on proteins and nucleic acids. The assignment of small proteins is regular 
system nowadays. The specific amino acid labeling can still be of use for assisting peak 
identification. Consanni. et al. [22] have studied nuclear magnetic resonance and chemometrics 
to access geographic origin and quality of traditional food products. They have reported their 
view for NMR and chemometrics, which were reviewed and applied to food quality and 
geographical origin determination. 

 Adam. et al. [23] have applied carbon-13 NMR to study the proteins and glycoproteins. 
They have also studied globular proteins and recorded NMR spectra at 15.18 MHz. Some 
overlap between the aliphatic region and amino acid residues has been obtained. NMR can be 
used as a tool to study the bio-molecules in the field of biochemistry. Talebpouret al. [24] have 
applied this technique to identify and determine the caffeine and theophylline in human serum. 
They have reported their findings for the caffeine peaks which were obtained at 2.75, 2.93 and 
3.40 ppm. Theophylline peaks were found at 2.77 and 2.97 ppm. Wishrat [25] has studied NMR 
technique for the determination of proteins with the development of drug discovery. It has 
been noticed that the first crude protein structure was determined in the year 1980. NMR can 
play a role in the area of protein based drug discovery. It gives the structural information along 
with the dynamics of the protein. Newman et.al.[26] have applied nuclear magnetic resonance 
spectroscopy to the forearm muscle in DMD and found that the  phosphorous spectrum was 
abnormal in the ratios of phospho-creatine to adenosine triphosphate and to inorganic 
phosphorus were reduced .They have also reported that the concentration of phosphocreatine 
in muscles was appreciable reduced . Sharma et.al.[27] have studied skeletal  muscle 
metabolism in  Duchenne  muscular dystrophy and reported that decrease in levels of  glucose 
may be attributed to the reduction in the concentrations of gluconeogenic substances or 
membrane abnormalities . A decrease in the concentration of lactate in the muscle of DMD 
patients may be due to the reduction in anaerobic glycolytic activity or lower substrate 
concentration. 

Matsumura et.al.[28]have  studied DMD carrires with the help of magnetic resonance 
imaging  and p ersumed that degenerative muscular changes accompanied by interstitial edema 
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responsible for this disease . They have given a conclusion that NMR is useful for study the 
dynamic state of water in normal and pathological skeletal muscles . Zochodne et.al .[29] have 
studied fore arm P-31 nuclear magnetic resonance spectroscopy in oculopharyngeal muscular 
dystrophy and found that this dystrophy is a more wide spread disorder of striated muscle than 
clinically appreciated . Sharma et.al.[30] have studied biochemical characterization of muscle 
tissue of girdle muscular dystrophy with 1H and 13C  NMR spectroscopy . They have found that 
a significant reduction in the concentration of choline in the  patients and healthy controls 
.Lower concentration of choline may be out come of decreased rate of membrane turn over in 
the patients .Barbiroli et.al [31] have studied 31P NMR spectroscopy of skeletal  muscle in 
Becker dystrophy and DMD/BMD carriers . They have found that in the working muscle of BMD 
patients and female DMD/BMD carriers a defect of phosphate metabolism. It reflects a deficit 
of energy metabolism.  

Donaldet.al.[32] have studied 31P NMR in DMD to measure high energy phosphate 
compounds and phosphorylated diesters in resting gastrocemius muscle . They have shown a 
progressive metabolism deterioration in this disease. Griffin et.al. [33] have studied metabolic 
profiling of genetic disorders in dystrophic tissue with the help of NMR spectroscopy . They 
have reported that many metabolic pathways are perturbed in dystrophic tissue .  Sharma et.al 
[32] have made analysis on the basis of NMR spectroscopy and given a statement related to ex 
vivo and in vivo NMR spectral peak observations in different diseases .This can  support the 
reliability of clinical applications using in vivo localized 1H NMR spectroscopy peaks to 
determine the biochemical cause of disease .Šuput  et.al.[35] have used magnetic resonance 
imaging technique to muscular dystrophies and neuropathies . They have reported that 
musculature may be replaced gradually by adipose tissue. Authors disclose clear differences in 
the degeneration of particular groups of muscles. Cady et.al [36] have studied this spectroscopy 
to muscle metabolism and reported that the clinical use of NMR is very useful in the study of 
muscular dystrophy . They have mentioned in the article as the mean resting metabolic levels 
and pH determined by 31P NMR and indicates significant differences between values for PCr, 
Pi, PCr/Pi and PCr/ATP compared with normals. Chance et. al. [37] has applied this technique to 
normal and diseased muscle. They have used phosphorous magnetic resonance spectroscopy 
,which affords and innovative approach to study of the oxidative  enzyme content of normal 
and diseased muscles .Michael et.al.[38] have used Carbon13  NMR spectroscopy to study 
normal and abnormal muscles and reported that13C  NMR of isopentane – extracted muscles 
have shown a clear cut differentiation of normal from diseased muscles and within diseased 
muscle, grading of the severity of the disease .Schreiber et.al [39] have used magnetic 
resonance imaging to muscular dystrophy in children .They have given a statement on the basis 
of scans of the five muscles groups,   i.e. neck , shoulder gridle, pelvis gridle , thigh and calf . 
They demarcated the involved muscles. The severity of the disease estimated by the degree of 
muscle involvement. Kaisr et. al [40] have used  31P  NMR to study normal and diseased 
muscle. They have pointed out that abnormal muscles showed characteristic changes in 
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phosphorous spectrum , when compared with normal muscles .Bottomley  et.al .[41] have used 
proton magnetic resonance spectroscopy and given a statement that this spectroscopy can be 
used to image and noninvasively  quantify total creatine in human muscle. Role of altered 
creatine metabolism in muscle disease can be studied with this spectroscopy .Garrood et.al. 
[42] have used NMR imaging and reported that referenced signal intensity measurement may 
be used to quantify difference between dystrophic and normal muscle without T(1) 
mapping.Ogino  et.al. [43] have studied serial water changes in human skeletal muscles .  

They have measured the changes in signal intensity in both calf muscles after walking race 
exercise .The time intensity curves were also used to draw a clearance curve for each muscle 
group after exercise. Srivastava.  et.al.[44] have  studied high resolution NMR based analysis of 
serum lipids in Duchenne muscular dystrophy patients and its possible diagnostic significance 
and reported that concentration of triglycerides, phospholipids , free cholesterol esters and and 
total cholesterol was significantly higher in DMD patients as compared to healthy patients . 
They have also given a statement that no significant quantitative difference was observed in the 
serum lipid constituents of positive and negative gene detection in cases of DMD. It may be 
useful to provide the possibility of the diagnostic importance for DMD, especially in cases 
where genetic analysis failed to give the correct diagnosis. Sarpel et.al.[45] have studied 
erythrocytes in muscular dystrophy with the help of 31P NMR and measured the inorganic –
phosphate fraction contained the highest average phosphate concentration over sixteen hour 
period .This result contributed to the difference in the total phosphate between two groups. 
Bock, J.L [46] have studied serum by high field proton magnetic resonance spectroscopy and 
suggested that the nondestructive nature of NMR, which is the basis of its in vivo applicability 
.We can also use this facility in the vitro analysis. We can eliminate problems of extraction 
recovery, contamination, or other artifacts .Forbes .et .al. [47] have used this technique to 
study skeletal muscle of ambulant children with Duchenne muscular dystrophy and stated that 
the MR protocol implemented in the study achieved highly reproducible measures of lower 
extremity muscles in ambulant boys of DMD.   

4. MATERIALS AND METHODS 
The blood samples of DMD patients were collected from the Department of Neurology, 

Safdarjang Hospital, New Delhi. Twenty milliliters freshly drawn blood from each patient was 
collected in clean and dry test tube without any anti- coagulant. The test tube was kept for 45 
minutes at room temperature ( 22 ±  2 0C  ) for the formation of clot. Sera of different patients 
were separated by centrifugation at 1500 r.p.m. upto 15 minutes and were collected in screw 
capped test tubes. IgG sample were prepared on protein A –Sepharose [48]. The IgG binding 
properties of protein A, make affinity chromatography with protein A -- sepharose CL- 4B a very 
simple method for preparing IgG. 1.5 g protein -A sepharose CL-4B was swollen in 10 ml 
phosphate buffered saline (PBS) for 1 hour at room temperature and then packed into a small 
chromatography column. 10 ml human serum was diluted with an equal volume of PBS. The 
serum was filtered through the column at a flow rate of 30 ml/h. Washing was done through 
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unbound protein with PBS. Until no more protein left the column (the protein was monitored 
with a UV flow cell). The bound IgG was eluted with glycine- HCL buffer having a pH value of 
2.8. The pH of the purified IgG solution was titrated to near neutrality with NaOH.and dialysed 
against PBS. The column was regenerated by washing with 2 column bed volume of PBS. The 
column was stored at 4°C. The protein A content of the swollen gel is 2 mg /ml and the binding 
capacity for human IgG is approximately 25 mg /ml of packed gel.As the binding of protein A to 
IgG involves tyrosine residues on the protein A glycosyl tyrosine (0.1M in 2 % (NaCl) can be used 
to elute the IgG rather than the the glysine – HCl buffer. The NMR spectra of the IgG samples 
extracted from normal person and Duchenne muscular dystrophic  patients were recorded on 
Av Bruker 500 MHz NMR Spectrophotometer (Fig. 3) in central NMR facilities I.I.T. New Delhi, 
India.  
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Figure 3: Block diagram of Nuclear Magnetic Resonance Spectrometer 

5. RESULTS 
We have applied NMR spectroscopy to IgG molecule of DMD children and findings are 

reported in the table form. We have compared our data with the normal healthy controls. 
Typical NMR spectra of normal and DMD patient are given in Fig.4 and Fig.5 
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Figure 4: Typical NMR spectra of normal sample 

 
Figure 5: Typical NMR spectra of DMD sample 

Table 1. Comparison between different probable groups of the amino acids  of IgG with peak intensities in DMD  
and  Controls 

 
S. 

No. 
 

Type of 
sample 

Peak 
position 

Chemical 
shift  
ppm 

Probable group Standard 
values 

D2O 
peak 

1 N 1 
2 

0.87 
1.34 

Isoleucine, -CH3 
Alanine, -CH 

0.89 
1.36 4.73 

C O P Y R I G H T ©  S O C I E T Y  F O R  S C I E N C E  A N D  E D U C A T I O N  U N I T E D  K I N G D O M  2 8 
 



Sanjeev  Kumar and   Sweety; Nuclear Magnetic Resonance Spectroscopy Studies Of Human Immunoglobulin ‘G’ In Duchene 
Muscular Dystrophy,  Journal of Biomedical Engineering and Medical Imaging, Volume 1, Issue 1 (2014) , pp 14-39 
 

3 
4 
5 
6 

2.05 
3.24 
4.14 
4.65 

Glutamic acid, -CH 
Cystine,  CH 

Isoleucine -CH 
Phenylalanine -CH 

2.09 
3.28 
4.14 
4.65 

2 N 

1 
2 
3 
4 
5 
6 
 

0.88 
1.28 
2.04 
3.25 
4.61 
4.64 

 

Isoleucine, -CH3 
Alanine, -CH 

Glutamic acid, -CH 
Histidine, -CH 
Tyrosine, -CH 

Phenylalanine, -CH 

0.89 
1.36 
2.09 
3.26 
4.62 
4.66 

4.73 

 
 

3 
 
 

N 

1 
2 
3 
4 
5 
6 

0.87 
1.28 
2.03 
3.22 
4.12 
5.31 

Isoleucine, -CH3 
Isoleucine, -CH2 

Glutamic acid, -CH 
Phenylalanine, -CH 

Valine, -CH 

0.89 
1.22 
2.09 
3.22 
4.13 

4.73 
 

4 N 

1 
2 
3 
4 
5 
6 

0.87 
1.20 
1.34 
2.12 
3.66 
5.90 

Isoleucine, -CH3 
Isoleucine, -CH2 

Alanine, -CH 
Gln, -CH 

Glycine, -CH 

0.89 
1.22 
1.36 
2.13 
3.64 

 

4.77 

5 N 
 

1 
2 
3 
4 
5 
6 

0.88 
1.21 
2.09 
3.22 
3.66 
4.14 

Isoleucine, -CH3 
Isoleucine,  CH2 

Glutamic acid, -CH 
Phenylalanine, -CH 

Glycine, -CH 
Glycine -CH 

0.89 
1.22 
2.09 
3.22 
3.64 
4.14 

4.78 

6 N 

1 
2 
3 
4 
5 
6 

3.75 
3.93 
4.32 
4.74 
5.14 

- 

Serine, -CH 
Serine, -CH 

Methionine, -CH 
Cystine, -CH 

3.79 
3.95 
4.32 
4.74 

4.70 

7 

 
 
 

N 

1 
2 
3 
4 
5 
6 

0.87 
1.22 
1.39 
3.24 
4.33 
4.62 

Isoleucine-CH3 
Isoleucine-CH2 

Alanine 
Cystine 
Alanine 

Phenylalanine 

0.89 
1.22 
1.39 
3.28 
4.35 
4.66 

4.70 

8 

 
 
 
 

N 

1 
2 
3 
4 
5 
6 

0.87 
1.22 
1.39 
3.24 
4.33 
4.62 

Isoleucine 
Isoleucine 

Cystine 
Phenylalanine 

Tyrosine 

0.95,0.77 
1.48,1.22 

3.28 
4.58 
4.62 
---- 

4.66 

9  
 

1 
2 

0.79 
1.25 

Isoleucine 
Isoleucine 

0.89 
1.48,1.22 4.67 

U R L :  http://dx.doi.org/10.14738/jbemi.11.99 29 
 



J O U R N A L  O F  B I O M E D I C A L  E N G I N E E R I N G  A N D  M E D I C A L  I M A G I N G ,  Vol um e  1 ,  I ssu e  1 ,  Fe b r u ar y  2 0 14 
 

 
N 

3 
4 
5 
6 

3.27 
4.56 
4.62 
4.83 

Alanine 
Cystine 
Glycine 

Tyrosine 

1.36 
3.28 
4.14 
4.62 

10  
N 

1 
2 
3 
4 
5 
6 

0.83 
1.23 
3.22 
4.29 
4.44 
4.48 

Isoleucine 
Isoleucine 

Cystine 
Serine 

Tyrocine 
Cystine 

0.89 
1.48, 
1.22 
3.27 
4.52 
4.61 
4.67 

4.73 

12 DMD 

1 
2 
3 
4 
5 
6 

0.68 
1.00 
1. 16 
1.31 
1.56 
2.57 

Isoleucine, -CH3 
Isoleucine, -CH3 

      Isoleucine, -CH2 
Alanine, -CH 
Leucine, -CH 

Asp, -CH 

0.89 
0.95 
1.19 
1.36 
1.54 
2.62 

4.75 

13 DMD 

1 
2 
3 
4 
5 
6 

0. 34 
0.50 
1.00 
1.13 
1.50 
2.22 

Isoleucine, -CH3 

Isoleucine, -CH2 
Leucine, -CH 
Proline, -CH 

0.95 
1.22 
1.50 
2.22 

4.75 

14 DMD 

1 
2 
3 
4 
5 
6 

0.54 
1.00 
1.02 
1.54 
1.72 
1.74 
3.64 

Isoleucine, 3 

Valine ,   3 

Leucine,  C 
Leucine,  CH 
Leucine,  CH 
Proline,  CH2 

0.95 
0.97 
1.54 
1.75 
1.75 
3.65 

4.76 

15 

 
 

DMD 
 
 

 
1 
2 
3 
4 
5 
6 
 

        0.14 
0.16 
0.29 
1.00 
1.60 
1.37 
2.09 

----- 
--- 
--- 

Isoleucine 3 
Leucine,  CH 
Analine,  CH 

Glu  CH 

 
0.95 
1.65 
1.39 
2.09 

4.70 

16 DMD 

1 
2 
3 
4 
5 
6 

0.66 
0.91 
1.00 
1.36 
1.50 
1.50 
1.68 
3.06 
4.42 

- 
Valine ,   3 

Isoleucine, -CH3 
Alanine , -CH 
Leucine , -CH 

- 
- 

Leucine , -CH 
Tyrosine , -CH 
Proline, -CH 

-- 
0.91 
0.95 
1.39 
1.50 

- 
- 

1.75 
3.08 
4.44 

4.75 
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According to data available with the present study we are giving some of the findings 
related to DMD patients . A group phenylalanine (β-CH) is completely absent in all DMD cases. 
We did not find any trace of this group in normal healthy controls .We also did not find another 
group called Leucine (β-CH and γ- CH) in normal controls .This group is found in DMD patients 
.Proline (β-CH)is present in two cases of DMD only .This group is also absent in all normal 
controls . We have also not found Cystine and Serine groups in DMD patients. 

6. DISCUSSION 
A magnificent use of NMR lies in fact that, because of the chemical shift, amino acids can be 

identified and isolated in the spectra of protein. It is well known in NMR theory that the motion 
of any type such as rotatory and translatory reduces the width of the resonance line .Due to 
this property motional narrowing feature starts and high resolution NMR is required. Proton 
magnetic resonance spectra of twenty amino acids and some representative di and tri peptide 
were studied by Mandel [ 49]. Vitolis et.al[50] have studied  NMR spectrum of a serum sample 
shows both sharp narrow peaks from small molecule metabolites and broad peaks from 
proteins and lipids  .The analysis of of spectrum of NMR for blood serum requires dealing with 
the effects of proteins and other large molecules. 

NMR spectroscopy is the technique of spectroscopy that can provide detailed structural 
information about macromolecules at atomic resolution. Many scientists have been 
characterized small molecules by using empirical rules associated with the study of chemical 
shift regarding the conformation of the structure of the molecule.It has been seen that most of 
the amino acid spectra can be understood on the basis of first order effects. The chemical shift 
is larger than the spin –spin coupling.In the study of amino acids while the chemical shift is not 
large compared to the spin –spin coupling. We can compare the chemical shift and spin –spin 
interaction in this situation.If we have a situation that lies between these two experiments 
there are many amino acids the spectrum may have first and second order both.  If we apply a 
large field to the system and we find a situation for the chemical shift, which is proportional to 
the field strength and kept spin –spin coupling as constant. Calculations based on chemical 
shifts are very useful in the structure of determination of globular proteins such as IgG. 

 Burton [51] has studied the structure and function of immunoglobulin G and reported 
some of the interesting applications of NMR to study this molecule. An antibody is a protein 
synthesized by an organism in response to invasion of the organism by a foreign substance 
termed as antigen.  IgG found as principal antibody in serum.  It has a molecular weight of 
about 150,000 and a domain structure is shown in Figure 6. 
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Figure 6: (A) Schematic diagram of a typical IgG structure; (B) Space filling model determined 

crystallographically  

 Mayer et al. [52] showed that IgG molecule can be cleaved into a number of proteolytic 
fragments. Antigen and complement bindings sites are also shown. If the antigen is not present, 
the complement site can be neglected. However, on the formation of a particular specifies 
antigen-antibody complexes, the first protein of the complement sequences binds to this site. 
This leads to activation of other proteins in the sequence and eventual destruction of the 
antigen. 

 It has been reported in the literature that IgG possess two equivalent tight Gd(III) sites 
located in the CH3 domains of the Fc-region. Very much low affinity Gd(III) sites were also found 
on the FaS region. Experimental conditions may be adjusted such that IgG and the fragment Fc 
and pFc effects from the same two Gd(III) sites. They form a family of Gd(III) tight binding 
macromolecules of decreasing molecular weight. IgG has 150,000, Fc has 50,000 and pFc' has 
25,000. 

 There is an internal motion found in the Fc portion of IgG. A considerable amount of 
motional freedom at Fc position was also found. A flexible rigid transition in the IgG molecule as 
the trigger for complement activation was also pointed out by Huber et al. [53]. 

 Boyd et al. [54] have studied the mobility of protein on the basis of high resolution 
protein NMR of Fc and pFc' fragments. The spectra of such fragments appear resolved 
compared to the spectra of other proteins of similar molecular weight. 

(A) 

(B) 
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 Cohn et al. [55] have studied the observations of amino acid side chains in proteins 
using this sophisticated technique of spectroscopy and reported in the research article 
regarding the side chain groups such as Glu, Asp, Lys, Arg, Met, Thr, Leu and others act as 
intrinsic non-disturbing probes of their local electronic microenvironment in a protein.Some of 
the authors [56-58] have studied the structure of proteins with the help of NMR spectroscopy 
in detail. They have found each proton resonance appears along the chemical shift axis in the 
expected fashion. The multiplets due to spin coupling appear only on the perpendicular axis. 

 If an amino acid residue in a protein is converted from a solvated state in a random coil 
polypeptide chain to buried inside the interior of a globular protein the chemical shift depends 
on the variation of magnetic susceptibility. Glick, et al. [59] have made their statements on 
amino acid residues and provide an interesting result such as chemical shift is directly 
proportional to the volume diamagnetic susceptibility K. 

 The NMR spectra of small globular proteins are very crowdy in nature. There is no 
evidence of unequivocal observations of Ser β -methylene proton resonance. Moore et al. [60] 
have studied and found that the assignments of the methyl-group resonance of Thr-47 and Thr-
89 for ferricytochrome C and ferrocytochrome C. 

 Some of the authors  Spero et.al. [61] and Kuszewski et.al. [62]have used chemical shift 
to obtain structural information regarding the correlation between chemical shifts and 
backbone torsion angles. It has been pointed out that different structures of proteins such as 
secondary, tertiary and quaternary have been successfully studied in solution and solid form 
and calculated with the help of chemical shift by various research scientists [63-70]. NMR 
chemical shifts are the best parameters and can be used in the structure elucidation of larger 
molecules. The assignment of backbone chemical shifts is necessary to determine the structure 
of protein.  

 Satoshi et al. [71] have studied proton nuclear magnetic resonance of human 
immunoglobulin G1 and its fragments. They have pointed out some information regarding the 
structure of hinge region and effects of a hinge region deletion on internal flexibility. Koichi et 
al. [72] have studied structural basis of the interaction between IgG and fcy receptors1. The 
studies on NMR spectroscopy show that Fcy RII binds to a negatively charged area of the CH2 
domain, corresponding to the lower hinge region. The binding of Fcy RIII onto one of the two 
related sites on the Fc induces a conformational change in the outer side. 

 Brab et al. [73] have studied NMR analysis on immunoglobulin G and glycenes and they 
have provided their fruitful results as glycan does not directly engage the cell surface receptors. 
The termini of both glycan brachs are highly dynamic and experience considerable motion in 
addition to tumbling of the Fc molecule. 
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 The three dimensional structure of globular protein fluctuates incessantly and the 
fluctuation is closely related to the function of the protein. Nicholson et al. [74] have studied 
the dynamics of methyl groups in proteins.  

 Zilagyi et al. [75] have identified a correlation between Hα  chemical shifts and the 
helical and β -sheet structures. If the other effects are not present, helical conformation 
produces upfield shifts while β -structures shift the α  proton downfield. Pasture et al. [76] have 
studied the secondary structure of proteins and Oldfield  [77] studied three dimensional 
structure of proteins in terms of chemical shifts. 

Jardetzky  et.al.  [78] have studied the protein spectra of amino acids and indicated these 
chemical shift are independent of concentration. Chemical shift mean a change in the chemical 
shift from that of the free amino acid. The real use high resolution NMR lies in the fact that 
because of the chemical shift specifies amino acids, which can be nicely and easily isolated in 
the spectra of protein. If we increase our understanding of the relationship between the 
chemical shifts and structure of the proteins or globular proteins such as immunoglobulin G 
molecule, we will be able to improve the accuracy of measurement and structure 
determination. 

Proteins play a major role in the billions of process which occur in the body. It includes the 
development of muscles, skin, digestion of food, growth of cells and the germination of human 
emotions. These cells have a tendency to produce proteins continuously. We are not able to 
understand how these complex molecules exactly work.  

Not only the chemical composition of the proteins but also the spatial structure of proteins 
is important for the performance of their functions. The way in which they fold and unfold in 3-
D space help in determining the function of the molecules. It will be very difficult to understand 
the function of the molecules without detailed knowledge about their structure, spatial 
structure study is necessary now a days. NMR may help in the study of the determination of the 
structure of proteins. This technique can detect and quantify folding and conformation changes 
in proteins, while simultaneously providing detail structure information. If we use NMR 
spectroscopy in different diseases the NMR spectral peak observations can support the 
reliability of clinical applications. These peaks can determine the biochemical cause of the 
disease . However , peak identification ,peak intensities ,peak analysis of the given sample is a 
big support for the research scientists and clinicians. 

7. CONCLUSION 
The observed chemical shift in water peak in all the cases may be due to pathological 

conditions. The presence of the paramagnetic ions and the overlapping of protons from the 
changed line width. We have found peaks in all the spectra recorded on NMR due to the 
formation of some active centre’s such as paramagnetic ions. The comparison of the diseased 
sample spectra with the normal’s reveal some characteristics of the disease. 
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It is possible to identify the nature of the pathological disorder by looking at the NMR 
spectrum of patient’s blood (immunoglobulin G molecule). It has been found that the peak 
intensities, line shapes and chemical shift were different. These basic properties suggest that 
there are perturbations present which vary from sample to sample. NMR  spectra are 
interpretable only if the hydrogen atoms have unique chemical shifts . Considerable overlap of 
resonance occurs if there are too much resonances in any area of NMR spectrum . NMR also  
gives detailed information about the flexibility of the protein structure  in solution[79] .The 
chemical shift suggests a transfer of electrons in enzymes and proteins in DMD. The dipolar 
anisotropy of unpaired electron causes a shift in line position. Sometimes delocalization is also 
coupled. We have found in the present study that the groups related to Phenylalanine, cysteine 
and serine  were completely absent in all the DMD  cases. 
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ABSTRACT   

In this paper we develop a system dedicated to the objective characterization of dysphonia 
chronic laryngeal origin. The purpose of this system is threefold: diagnosis, treatment and 
monitoring of patient. .   For this we proceed initially to the remote recording and archiving of 
an acoustic speech signal voiced in this case "a" sustained for three seconds. We then apply at 
the Otorhinolaryngology (ORL) department of the University Hospital of Tlemcen, different 
algorithms of objective assessment of three parameters in this case the fundamental 
frequency, Disturbance of short-term speech signal (jitter) and Short-Time discrete Fourier 
Transform (ST.DFT) that allow experts to assess the development of chronic dysphonia of tumor 
or inflammatory origin (larynx cancer, inflammatory polyp of the vocal cords, chronic laryngitis). 

Keywords: Telemedicine; ST.DFT; Chronic dysphonia; Voiced sound; Jitter; Fundamental 
frequency. 

1. INTRODUCTION  
The voice is a spectacular indicator of physical and mental health of a person. The 

technology of voice pathology has been a marked increase over the past two decades, the voice 
processing is now a fundamental component of engineering [13] [1]. The special importance of 
voice processing in the more general framework is due to the privileged position of the speech 
as a vehicle of information in our human society. [11] The voice is indeed produced by the vocal 
tract, continuously monitored by the motor cortex [8] [4]. Among the voice treatment 
applications we distinguish [5] [6]: 

1) Temporal spatio-spectro analysis of the vocal signal observing the objective 
characterization of dysphonia of laryngeal origins [9][10]. 
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2) Quantitative estimation of characteristics parameters of the vocal signal during its 
acoustical representation including the Fundamental Frequency and the jitter of voiced sounds 
[7] [12]. 

2. MATERIEL AND METHODS 
The slide that we have implemented is composed of an interface for acquiring the acoustic 

speech signal consists of a dynamic microphone to reproduce sound in analog form and sound 
card for digitization and an environment software to archive the signal in Wave format in order 
to perform the calculation of different indices and we had to implement an algorithm for 
converting Wave format to decimal format in Visual Basic environment. The experimental 
protocol includes the following steps: 

• Pronunciation of a voiced sound in this case 'a' sustained for three seconds. 
• The division of the signal into 6 frames each 0.5 seconds 
• The calculation of the three indices (spectral content, fundamental frequency and jitter) 

averaged over six frames. 
• The correlation between the indices themselves and the balance sheet and para-clinic of 

patients. 
• The implementation of an interactive database of physiological and pathological 

acoustic voice signals for a clinical and epidemiological study and better therapeutic 
management. 

 

2.1 Global Algorithm of the application 

 
Figure 1: The algorithm 
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3. CLINICAL EVALUATION  
3.1 Healthy subject study 

 

 
Figure2.   Temporal layout of vocal signal of a healthy subject 

 

 
          Figure 3.  Frequency layout of vocal signal of a healthy subject 

The average fundamental frequency is:  200.60 HZ and jitter is: 0.69Sec 

The fundamental frequency established by gliding average method and jitter [3] is given by 
following equations: 

F0 =
1
N
� F0

(i)
N

i=1
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jitter =
1

𝑁 − 1∑ �𝑇𝑠
(𝑖) − 𝑇𝑠

(𝑖+1)�𝑁−1
𝑖=1

1
𝑁∑ 𝑇𝑠

(𝑖)𝑁
𝑖=1

 

When N is the selection number (N=6). 

 

3.2  Sick subjects 

  

Figure 4: Temporal layout of patient attains a larynx cancer 

 
Figure 5:  Frequency layout of vocal signal of a patient whose attains a larynx cancer  

The averaged fundamental frequency is: 62.48 HZ and jitter is: 2.62. 
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Figure 6: Temporal layout of patient attains an inflammatory polyp  

 
                Figure 7. Frequency layout of vocal signal of a patient whose attains a larynx cancer 

 
The average fundamental frequency is:  118.80 HZ and jitter is: 1.59 Sec 

3.2 Distant sustained of the patient: 
 

The patient treated by the radiotherapy (persons suffering from cancer) or by medical 
treatment (a patient presents a clinical inflamed syndrome) and whose living in isolated area  
especially the north polar can be monitored remotely through the implementation of a 
platform at health centers proximities through periodical recording of the  acoustical signal 
vocal  according to the precedent described protocol  and its  O.R.L  department  of  University 
Hospital  accordance with the architecture client-server  hold up by the component Winsock   
compatible with the protocol  TCP/IP   which permitted  the transmission of the data toward  
intranet or internet  thus the patient avoiding  the inutile movement a condition that he  
responds  favorably to the instituted treatment. 
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4. RESULTS 

Table 1  : The jitter and the average fundamental frequency of   healthy subjects 

 

Table 2 :  The jitter and the average fundamental frequency of  sick subjects 

 

5. DISCUSSIONS 
We notice that for the healthy subjects the fundamental frequency is about 200 Hz 

corresponding to the value of the physiological fundamental frequency of the vowel 'a' [14] and 
jitter is around 0.7 Sec. On the other hand it’s reduced in the persons suffering from cancer it’s 
situated around 60HZ and jitter extend to 2.5Sec. This diminution of the fundamental frequency 
and the augmentation of jitter are also present in the case of chronicle inflamed diseases of the 
larynx but a lower degree Fs around the interval 100-160 HZ and jitter around the interval 1-1.6 
Sec   .Even the extended  spectral  is lower  in cancerous patients  because of  an important 
reduction notice Even the extended spectral is lower in cancerous patients because of  an 
important reduction with a total absence of the vibrations of vocals cords . This limitation of the 
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content of the frequency is also present but with a truncated manner in the case of chronicle 
inflamed diseases of larynx. 

 

6. CONCLUSION 
Characterization and objective assessment of chronic dysphonia were studied using three 

parameters. The fundamental frequency was around 120 Hz and the jitter was around 1.2 sec in 
cases of inflammatory disease, while the frequency was low at around 60 Hz and the jitter 
increased to 2.5 sec in larynx cancer, where the jitter was three times higher than healthy 
subjects. The clinical and para-clinical examinations, notably the pathological diagnosis, were in 
perfect agreement with the evolution of their indices. Clinical validation of the results is still 
subject to much larger samples supported by a rigorous statistical support. 
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Recovery and processing of 3D images in X-ray tomography  
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ABSTRACT 

The article is to study operating procedures of an X-ray micro tomographic scanner,  and the 
module of reconstrusction and analysis 3D-image of the test sample in particular. An algorithm 
for 3D-image reconstruction based on the image shadow projections and mathematical 
methods of the processing are described. Chapter 1 describes the basic principles of  X-ray 
tomography, general procedures of the device developed. Chapter 2 and 3 are devoted to the 
problem of resources saving by the system during the X-ray tomography procedure, what is 
achieved by preprocessing of the initial shadow projections. Preprocessing includes background 
noise removing from the images, which reduces the amount of shadow projections in general 
and increases the efficiency of the group shadow projections compression. Chapter 4 covers 
general procedures of defect search, which is based on the vector analysis principles. In 
conclusion, the main applications of X-ray tomography are presented. 

Keywords: X-ray tomography, 3D-image analysis, 3D-reconstruction, data compression, 
background noise removing, defect search. 

1. INTRODUCTION 
Modern manufacturing, including production and application of medical equipment and 

devices, require adequate methods of diagnostic quality control of structure of organic and 
inorganic topologically and compositionally heterogeneous objects. Detection and precise 
localization of defects are the main advantages of X-ray micro tomographic control [1]. 

X-Ray micro tomography is a layer-by-layer method of study of the internal structure of an 
object with the aid of multiple radiographic X-rays in different directions, followed by 3D-
reconstruction recovery and processing of images. Scanning visualizes the entire internal 3D 
structure of the object, keeping it safe for other types of research. High-resolution of the model 
received is another advantage of the X-ray micro tomographic scanning method.  

X-Ray micro tomographic scanner developed by the research group of Tomsk State 
University is designed to study the spatial structure of materials and crystals with a resolution 
of 1-13 microns. 
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2. BASIC PRINCIPLES OF X-RAY MICRO TOMOGRAPHIC 
SCANNING  

After installation of the test sample on the desktop (working area) of the scanner and giving 
a command for 3D recovery by an operator the system starts processing.  

The desktop, with the sample on it, begins to rotate. At the same time the capture device of 
shadow projections with fixed frequency, connected with the rotation angle of the desktop, 
takes pictures of shadow projections and transmits the data to the working (memory) storage.  

 
Figure 1. Diagrammatic view of the three different positions of the absorbing area and the reconstruction of 

the shadow projections received 

In Figure1,  

1 - Sample 

2 – Heterogeneity area 

3 - Capture device of shadow projections 

4 - X-ray direction 

5 – Projection lines  of  the heterogeneity area 

6 - Lines of the sample recovery boundaries 

7 – Lines of  heterogeneity area recovery . 

Central processing unit copies the information into the selected area of memory storage for 
images of shadow projections received and starts the process of multithreading computing  via 
nVidiaTesla graphic module for removing noise on shadow projections images and projections 
and for the compression in the archive file. 

In each new position of the object the lines of possible positions of the object are added to 
the reconstructed field in accordance with the position of the shadow projections (back 
projecting). After a few turns, the position of the absorbing area can be localized. With an 
increasing number of shadow projections in different directions, this localization becomes  clear 
(Figure 2) [3]. 
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Figure 2. Reconstruction of a point object by means of a different number of displacements 

3.  BACKGROUND NOISE REMOVING FROM THE IMAGES 
 Removing background noise is an important function of the image processing, which 

allows to replace homogeneous background areas with single color in order to improve final 
image compressibility. Finding areas of the image corresponding to the background, allows to 
get rid of the data containing no useful information. 

In practice, the images of the shadow projections are very noisy. The main noise sources - 
inhomogeneous X-ray tube radiation and the residual luminescence of the detector screen. As a 
consequence, the image of shadow projections, both in the background and in the shadow 
areas of the object have a wide range in the brightness level. The basic idea of a method 
determination  the area of the image corresponding to the background noise, is to break the 
image into sections and then analyze its sites. 

Operating mode of the tomographic scanner includes such specifications as: 

1) The density of pixels and the resolution of the detector; 

2) Radiation power X-ray tube;  

3) Filters (generally aluminum or copper ones) and the materials applied. 

The specifications calculated are:  

1) The minimum brightness of the pixel;  

2) The maximum brightness of the pixel; 

3) The average brightness of the pixel; 

4) The mean square deviation of the pixel brightness. 

To improve the speed and quality of background noise removal it is convenient to define a 
boundary value of pixel brightness the way it will be possible to interpret any point of greater 
brightness as background and replace it with the highest possible brightness value ( 65535 for 
16-bit color ) . If you select the minimum brightness as the boundary brightness for the points 
of the background area, a small part of the background noise belonging to border areas of the 

object will  remain on the image, as the area close to the boundary is noisier than in the 
background.If you select maximum brightness as boundary brightness of the object, then some 

part of the image pixels belonging to the object on the border with the background will be 
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interpreted as background and replaced with the maximum brightness. 
Due to the statistical averaging, both ways for removing pixels may lead to the same results (in 

terms of accuracy required for reconstruction) and improve the quality of reconstruction. 

 

Figure 3 – Illustration of shadow projections.

 
Figure 4 – Shadow projection images after the removal of background noise. 

 Figure 2 shows the typical images of shadow projections received using an X-ray micro 
tomographic scanner, Figure 3 - modified images with background noise removed. [2,3]. 

4. DATA COMPRESSION 
There are various methods of data compression without sacrificing. The fastest and easiest 

to implement is RLE- compression: coding of the series of repeated values, which can be done 
in one pass. [4,5 ] 

 If the original image is represented by a sequence of double-byte characters (16 bits), 
the values of which range from 0 to 65535, then after the construction of the difference each 
point must be encoded by 17 bits, as the values must range from - 65535 to 65535. 

 Original image occupies 𝑃0 = 2 ∗ 𝑊 ∗ 𝐻 bytes of information, where W and H - number 
of dots (pixels) horizontally and vertically. Transformed image, in which each pixel is encoded 
with 𝑖 number of bits, will occupy the following number of bytes: 

𝑃𝑖 = 𝑊 ∗ 𝐻 ∗
𝑖 
8

. 
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Points, the storage of which require more than 𝑖 bits, are entered into delete set, which 
takes E = 2 (N-N_i) bytes. The total volume of the transformed data: 

𝑆𝑖 = 𝑊 ∗ 𝐻 ∗ 𝑖 
8

+ 2(𝑁 − 𝑁𝑖). 

 Thus, the required number of bits j, which is required to encode the image is 𝑆𝑗 =
min (𝑆0, 𝑆1, … , 𝑆17). 

Image preprocessing module connects  with other modules through the integrated 
management environment and provides the undistorted  compression and decompression of 
the images received on the X-ray micro tomographic scanner . 

5. 3D-RECONSTRUCTION ANALYSIS 
After completion of the 3D- reconstruction the central processing unit determines the user-

visible areas of 3D- reconstruction, reads data from the hard disk (RAM) and sends to the 
graphic module for visualization and display on the screen. 3D- reconstruction requires a large 
number of high resolution images of the sample, which needs a computer system with 
advanced performance and capacity of memory resources for storing and processing the data.  
There are various methods for the automatic search of defects that give acceptable results for 
certain objects under study. Gradient analysis method allows to search defects in the density of 
quite homogeneous non-biological objects [5, 6]. Initial data for gradient analysis method is the 
density values array at each point of the sample, which determine the material density 
distribution function ρ (x, y, z), thus the gradient field of the sample can be constructed. Defects 
will be determined by inhomogeneity of the field, that is, the presence of density gradients: 

 

∇ρ(x, y, z) = (∂ρ
∂x

, ∂ρ
∂y

, ∂ρ
∂z

). 

The image gradient ),( yxf is defined at the point ),( yx  as two-dimensional vector 

x

y

df
G dx

dfG
dy

[ ( , )]G f x y =
 

   =     
  . 

As it can be seen from vector analysis the vector G indicates the direction of maximum 

change of function f at  point ( , )x y : 
22

1 12 2 2 2[ ( , )] [ ] [ ] .x y
f fG f x y G G
x y

 ∂ ∂ = + = +   ∂ ∂     

Location based on the volume of these gradients can determine the size and nature of the 
defects.  

The size and structure of the defects can be detected by the means of 3D location of the 
gradients. 
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Advantages of this method:  

• Possibility to identify the type of defect; 
• Possibility to determine the localization of the defect 
• Possibility to identify the geometric and physical characteristics of the defect [7]. 

The proposed algorithms are used to achieve high degree detailing and accuracy of 
reconstruction and analysis of 3D-models (Figure 5): 

 

Figure 5 – 3D reconstruction 

6. CONCLUSION 
X-ray micro tomographic imaging for non-destructive testing for the technological and 

scientific purposes to study the internal structure of organic and inorganic objects in the 
following industries: 

• in metallurgy for assessing the quality and structure of manufactured products; 
• in machinery manufacturing and instrument engineering for quality control of the 

parts assembled; 
• in the electronics industry for semiconductor assembly control and soldering 

electronic components with printed circuit boards; 
• in physics for experiments carried out to visualize the internal structure of objects 

and physical processes of the samples [8]; 
• in biology and medicine for the optimization of X-Ray testing and diagnosis methods 

[9]; 
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• in chemistry to visualize the internal structure of test samples, to observe the 
mechanism of the appearance of defects, to design and investigate new materials 
[2,10]. 
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