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Abstract – In this paper, the author draws analog of thermodynamics with economics by visualizing 

economic activity as a dynamical system, with money as the agent of change, employing techniques of 

dynamical-system analysis to model economic activity. In contrast to finance, economics, also, incorporates 

social costs, which could not be directly incorporated into the balance sheets. Often, the social factor 

introduces conflict of interest and corruption. However, the agents fueling economic activity (monterary 

assistance) want to ensure that their contributions end up into productive projects and not go down the drain 

through various modes of corruption. Money is, therefore, visualized as a substance-like quantity, the idea 

taken from the work of Bruno Schmidt. The first law of econodynamics may be stated as ∆M = ∆I + ∆P 

(equivalent first law of thermodynamics ∆Q = ∆U + ∆W), where ∆M  is the money allocated for a project 

(thermodynamic equivalent to heat extracted from a hot reservoir, ∆Q), being, partially, utilized in 

infrastructure development, ∆I (visualized as increase in internal energy, ∆U), and rest spent in providing 

services or products, ∆P (work done by the system, ∆W). The second law of econodynamics states that 

money allocated for projects, INVM (equivalent to heat extracted from hot reservoir — heat source), is used 

up for the genuine purposes, only partially, whereas the remaining leaks into the corrupt 

hands, ,CORM giving efficiency of project economy as  

INV

COR1
M

M
Efficiency   

Keywords – Econodynamic model of corruption • Laws of thermodynamics • Money-flow modeling • Soft corruption • Steady 

state 
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I. INTRODUCTION 

This document represents a template for ICSAR. It 

can be downloaded from the conference website, and 

used as a reference in the typesetting of the final 

paper to be included in the conference proceedings. 

Extra information regarding the submission 

procedure is available at the conference website. 

Any question regarding the template or paper 

guidelines must be directed to 

allsciencesacademy@gmail.com. 

II. THE LAWS OF THERMODYNAMICS 

Describe in detail the materials and methods used 

when conducting the study. The citations you make 

from different sources must be given and referenced 

in references.  

A. Level-2 Heading 
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 Abstract – In this paper, the authors discuss the implications of scoliosis (lateral curvatures and rotations of 

the human spinal column) on the minds and the bodies of school-going children. Scoliosis is a body- 

disfiguring disease, which affects vital organs. This condition grows silently without any associated pain 

(hence often remains hidden) and can be detected only during an unclothed physical examination. It is 

imperative that, during such an examination, Differential-Spinal-Function Testing (DSFT) be conducted to 

rule out scoliosis-like conditions. In order to understand the etiology of scoliosis, one needs to learn anatomy 

of the human-spinal column. The authors, briefly, describe 2-D and 3-D models developed during the period 

of half-a-century. A system for assigning risk (low, medium, high) of suffering from scoliosis by school-age 

children was developed by the NGDS Team, in order to plan an efficient and an effective case-finding 

strategy. Such a system, involving human interface (examining physician), has been in place since 2020 and 

an enhancement of the system is being worked out. Cumulative-Scoliosis-Risk Weightage (CSRW) and 

Normalized-Scoliosis-Risk Weightage (NSRW) were introduced during the last decade to identify primary-

school (elementary-school in United States) students, who have a higher risk of acquiring scoliosis. If both 

indicators were equal to or above threshold, the student fell into the category of high risk, to be followed 

through (monitored) till the end of growth period (19th birthday for females; 21st birthday for males). When 

one of the indicators was equal to or above threshold and the other below threshold, the incumbent belonged 

to medium-risk category, to be followed through till the student reaches 16th birthday. If both indicators were 

below threshold, the student was classified as low-risk case. Such a youngster should be followed through till 

the individual reaches 11th birthday. The authors propose an AI-based system to replace the human totally for 

examination, recording and scoring of different indicators to compute CSRW and NSRW. The benefits of 

such AI-based system for scoliosis-risk assignment are that it could be applied remotely and able to process 

patients in multiple centers, simultaneously, taking the burden off the humans involved in the examinations. 

In addition, patients (in particular, females) would feel more comfortable to be examined by a computer 

algorithm, as they do not have to undress in front of a physician for visual checks and forward-bending tests. 

Further, analysis of moiré fringes and dotted-raster patterns can only be done by computers and is not 

possible by human technicians. The challenge is to develop and test the proposed system on a valid sample 

drawn from a large population so that the AI-based results and the human-examination results match with a 

confidence level of 95% or more. Only then the AI-based system would be accepted by orthopedic surgeons, 

scoliosis patients, at-risk children and their parents.                                                                          
 

Keywords – Cumulative-Scoliosis-Risk Weightage (CSRW), Differential-Spinal-Function Testing (DSFT), Modeling of the human 

spinal column, Normalized-Scoliosis-Risk Weightage (NSRW), Scoliosis-like conditions 
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 Abstract – In this paper, the authors discuss the implications of scoliosis (lateral curvatures and rotations of the 

human spinal column) on the minds and the bodies of school-going children. Scoliosis is a body- disfiguring 

disease, which affects vital organs. This condition grows silently without any associated pain (hence often remains 

hidden) and can be detected only during an unclothed physical examination. It is imperative that, during such an 

examination, Differential-Spinal-Function Testing (DSFT) be conducted to rule out scoliosis-like conditions. In 

order to understand the etiology of scoliosis, one needs to learn anatomy of the human-spinal column. The authors, 

briefly, describe 2-D and 3-D models developed during the period of half-a-century. A system for assigning risk 

(high, medium, low) of suffering from scoliosis by school-age children was developed by the NGDS Team, in 

order to plan an efficient and an effective case-finding strategy. Such a system, involving human interface 

(examining physician), has been in place since 2020 and an enhancement of the system is being worked out. 

Cumulative-Scoliosis-Risk Weightage (CSRW) and Normalized-Scoliosis-Risk Weightage (NSRW) were 

introduced during the last decade to identify primary-school (elementary-school in the United States) students, who 

have a higher risk of acquiring scoliosis. If both indicators were equal to or above threshold, the student fell into 

the category of high risk, to be followed through (monitored) till the end of growth period (19th birthday for 

females; 21st birthday for males). When one of the indicators was equal to or above threshold and the other below 

threshold, the incumbent belonged to medium-risk category, to be followed through till the student reaches 16th 

birthday. If both indicators were below threshold, the student was classified as low-risk case. Such a youngster 

should be followed through till the individual reaches 11th birthday. The authors propose an AI-based system to 

replace the human totally for examination, recording and scoring of different indicators to compute CSRW and 

NSRW. The benefits of such AI-based system for scoliosis-risk assignment are that it could be applied remotely 

and able to process patients in multiple centers, simultaneously, taking the burden off the humans involved in the 

examinations. In addition, patients (in particular, females) would feel more comfortable to be examined by a 

computer algorithm, as they do not have to undress in front of a physician for visual checks and forward-bending 

tests. Further, analysis of moiré fringes and dotted-raster patterns can only be done by computers and is not 

possible by human technicians. The challenge is to develop and test the proposed system on a valid sample drawn 

from a large population so that the AI-based results and the human-examination results match with a confidence 

level of 95% or more. Only then the AI-based system would be accepted by orthopedic surgeons, scoliosis patients, 

at-risk children and their parents.  
 

Keywords – Cumulative-Scoliosis-Risk Weightage (CSRW), Differential-Spinal-Function Testing (DSFT), Modeling of the 

human spinal column, Normalized-Scoliosis-Risk Weightage (NSRW), Scoliosis-like conditions 
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I. INTRODUCTION 

Scoliosis (lateral curvatures and rotations of the human spinal column) is a disease, which disfigures 

the body and affects vital organs. This condition progresses quietly and often remains concealed because 

there is no associated pain. At times, it is accidentally detected, when clothing does not fit properly on the 

body. An unclothed physical examination by an orthopedic surgeon accompanied by “AP-X ray (AP 

stands for anteroposterior) of the entire spinal column from external auditory meatus to hip joint” is 

mandatory to confirm the diagnosis as well as locate the position, identify the shape and determine 

severity of the scoliotic curve. Since the human body behaves like an inverted pendulum (which is 

unstable), scoliosis, once showing its presence, does not correct itself but increases in magnitude and 

severity as the child grows. There is, therefore, a dire need to find cases of scoliosis through regular 

surveillance, say from the age of 8 years till the youngster reaches the end of growth. This puts an 

enormous burden on the heath-care team and, therefore, a system for assigning risk (low, medium, high) 

of suffering from scoliosis by school-age children was developed in 2020 to plan an efficient and an 

effective case-finding strategy. Such a system, involves human interface (examining physician). The 

authors are proposing an AI-based system, which should eliminate human intervention from beginning to 

end (except for systematic checks and verifications). 

II. TYPES OF SCOLIOSIS AND PHASES OF GROWTH OF A CHILD 

According to ICP (Infancy-Childhood-Puberty) model [1], there are three periods of rapid growth, the 

first one just after conception for the first 2-3 months, the second one just after entering the childhood 

phase, after the release of growth hormone, around the age of 3 to 4 years and the third one just after 

entering puberty phase, after the release of sex hormone, around the age of 11-13 years. As shown in 

Fig..1, scoliosis, which starts during the first phase, is termed as ‘infantile scoliosis’ (conception/birth to 

3 years). In a similar fashion, if the disease appears during the second phase, it is classified as ‘juvenile 

scoliosis’, whereas the one showing up during the third phase is recognized as ‘idiopathic scoliosis’.  

III. MONITORING THE SCOLIOTIC CURVE 

Scoliosis, a potentially body-disfiguring condition, poses a real challenge for the health and the well-

being of primary-school students, in particular, girls. If undetected and allowed to reach an advanced 

stage, it may, severely, affect functionality of an adolescent. Scoliosis should be identified through screen- 
 

 
 

Fig. 1. ICP model of child growth and presence of scoliosis in different age ranges 

https://www.ngds-ku.org/Papers/J55.pdf
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Fig. 2a-c. Stereophotogrammetric techniques for analysis of back shape — (a) moiré-fringe 

topography, (b) rasterstereography and (c) dotted-rasterstereography    

—————————————————————————————————————————————— 

ing and case-finding. The detected cases must be documented through photography, quantified through 

moiré-fringe topography (to obtain 3-D height map of the entire back of the child), mathematically-

modeled through rasterstereography and dotted-rasterstereography, to obtain 3-D-curvature maps, both 

mean and gaussian, of the entire back of the child [2]. These techniques are noninvasive and use non-

ionizing radiation (Fig. 2a-c). Hence, they are safe for the body of a growing child. X rays should be 

obtained at the initial visit and again only when a change is indicated in moiré and raster patterns [3, 4]. 

In 2013, the author proposed 3-D-spinal-column-surface analysis, providing height and curvature maps, 

by combining moiré-fringe topography and rasterstereography with backscatter-X-ray-scanning techno-

logy. This technique has the potential to generate, not only, the outline, but also, the structure of spinal 

column (Fig. 3) using low dose X rays used in full body scanning [5, 6]. 

Scoliosis is generally discovered through visual examination of back in the attention position and 

Adam’s forward-bending test with the child barefoot and totally stripped except for briefs or panties 

[7,.8]. Visual examinations may be supplemented by plumb line and engineering T (Fig. 4a) as well as 

graph screen superimposed on photograph of back (Fig. 4b). These tests generate a large number of false 

positives in primary-school students. X rays consist of ionizing radiations, which are harmful to the 

delicate bone marrow of the growing child [9]. Hence, it becomes imperative that radiation techniques 

are used judiciously to minimize the radiation burden [10].  
 

 
Fig. 3. Anatomy of the human spinal column   

 

a b c 
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Fig. 4a, b. Visual examination using (a) plumb line and engineering T as well as  

(b) graph screen superimposed on back photograph    

—————————————————————————————————————————————— 

Although Ferguson and Tideström methods have been reported in the literature, Scoliosis Research 

Society recommends working only with the Cobb method of quantifying the scoliotic curve. The first 

author introduced Asr anglea (a denotes ‘endnote’) in the context of 3-D modeling of the human spinal 

column [11-13]. Asr angle is defined through parallel transport in case of skewed lines, one of the lines is 

drawn normal to the plane tangent to the superior endplate of one vertebra above the fracture and another 

drawn normal to the plane tangent to the inferior endplate of the vertebra one level below the fracture. 

IV. SCOLIOSIS CASE-FINDING AND RULING OUT SCOLIOSIS-LIKE CONDITIONS 

Scoliosis, a condition which may disfigure the body severely and affect vital organs including heart, 

lung as well as stomach, should be discovered through a 2-minute compulsory orthopedic examination 

with the child bareheaded, barefooted and completely undressed except short underpants [7]. Protocols of 

such examinations are explained elsewhere [8, 14]. Additional File describes detailed and thorough exami-

nations https://www.ngds-ku.org/Papers/C147/Additional_File.pdf with the help of photographs. For sco-

liosis case-finding, early-warning signals, in the visual inspection of back of the stripped child in the atten-

tion position, are meticulously observed and noted (Fig. 5).   

In order to avoid over-treatment [15, 16], it is of utmost importance to rule out scoliosis-like conditions, 

which frequently display artificial scoliosis [17]. Examples include problems of posture, leg lengths not 

equal and weakness of hip(s). In order to highlight these factors, two-level, Differential-Spinal-Function 

Testing (DSFT) is conducted [8], explained with photographs and flowcharts elsewhere [18]. In the first 
lellllllvel, two tests are conducted and the results interpreted ‘to suspect’ a possible condition. In the second level, 

 
 

Fig. 5. Visual cues utilized in scoliosis case-finding — drooping shoulder: cervical curve suspected, uneven 

scapulae: thoracic curve suspected, unequal body triangles: lumbar curve suspected,  

uneven hips: sacral curve/leg-length inequality suspected    

https://www.ngds-ku.org/Papers/C147/Additional_File.pdf
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level, two tests are conducted and the results interpreted to suspect a possible condition. In the second 

level, a third test is performed to indicate the suspected condition [8]. At the end of DFST, the screener 

should be able to form an opinion regarding existence of true lateral curvatures and true spinal rotations 

(Fig. 6a-d). 
dddddde 

V V

Compare 
Results
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Postural Problem Suspected
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Postural Problem 
Indicated  
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Tredelenberg Sign
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Results
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Leg-Length Inequality Suspected

Dimples not Level

Leg-Length Inequality  Indicated
 

 
 

Fig. 6a-d. Flowchart for decision matrix used in DSFT, which may be used to plan for efficient detection and 

effective treatment of scoliosis — V║ (V) denotes visual examination performed, when the student was 

standing (sitting); FBT║ (FBT) represents forward-bending test conducted, when the pupil was 

standing (sitting): (a) postural problem, (b) hip weakness and (c) leg-length inequality 

should be differentiated from (d) spinal rotations and lateral curvatures 

— curvature not reduced after mild stretching in (a) 

 

 

a b 

d c 
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Table 1. Numerical values of the degree-of-correction of spinal deformity (D) 

and the recommended treatment 
 

 

*The decision should depend on the location, the shape (C or S), the severity (indicated by numerical value of the Cobb angle/ 

the Asr angle) and the progression of scoliotic curve as well as the numerical value of the degree-of-correction of spinal 

deformity (D) — how close the value is to 33.33% (inclination towards surgical treatment) or 66.66% (inclination towards a 

combination of exercises and brace)  
 

—————————————————————————————————————————————— 

V. MODELLING OF THE HUMAN SPINAL COLUMN 

Below, we describe some of the models of the human spinal column developed by our group — a paper 

introducing the latest model was published in 2019 [19]. This paper, also, contains a summary of all the 

previous models, including anthropometric for the cervical and the lumbar vertebrae of Nissan and Gilad 

(1984); biomechanical model dealing with spinal stability and intersegmental muscle forces put forward 

by Punjabi, Abumi, Duranceau and Oxland (1989); kinematical model of the human spine and torso 

proposed by Monheit and Badler (1990); biomechanical model of the human spinal column formulated 

by Dietrich, Kedzior and Zagrajek (1991); finite-element model of C4-C6 cervical spine unit developed 

by Yoganandnan, Kumaresan, Voo, Pintar and Larson (1996); the human-lumbar-spinal model for 

assessing spinal loads constructed by Reeves and Cholewicki (2003); simulation of spinal deformities by 

Gruescu, Garaiman and Lovasz (2015). Faizan, Goel, Biyani, Garfin and Bono (2012) conducted a finite-

element-based study to figure out adjacent-level effects of bi-level disc replacement, bi-level fusion and 

disc-replacement plus fusion in cervical spine. The purpose of developing these models is to better 

understand the diseases effecting spinal column, in particular, scoliosis so that curve progression can be 

predicted [20, 21]. 

V-A. 2-D Modelling 

2-D models provide view in the frontal plane obtained from AP-X rays or moiré topographs of back, 

obtained with patient in attention position. Attempts were made to obtain the Cobb angle from moiré 

topograph of back [22, 23]. 

V-B. 3-D-Static Modelling 

One must realize that spinal column is a three-dimensional bone structure. AP-X-ray pictures are 

unable to generate a complete view. A full view is available by combining projections of spinal column 

in the sagittal and the frontal planes, generated from lateral and frontal X rays. In 1980s 3-D-static 

models were developed simultaneously in Germany [24] and United States [11-13]. Natural curvatures of 

the spine, visible in lateral projection, were incorporated later [25]. Degree-of-Correction of Spinal 

Deformity was introduced in terms of reduction in the angle of spinal curvature after guarded-graduated- 

passive correctionb by asking the patient to hang freely from a bar [12] and later redefined [26] in terms 

of reduction in curvatures of the spinal column after guarded-graduated-passive correction (Table 1). 

From X-ray or moiré measurements, a curve was generated, relating x, y and z where [16] 
 

 )(),(),(  zzyyxx   (1a-c)   

 

Range of D Severity Level Recommended Treatment 
   

0 - 33.33 %   Severe Surgery 
   

33.34 % - 66.66 % Intermediate To be decided by the orthopedic surgeon* 
   

66.67 % - 100 % Mild Combination of exercises and brace 
   

as a best fit to discrete measurements obtained at various locations represented by the parameters ;i i = 1, 

…, 33; corresponding to 33 vertebrae of the spinal column. The parameters iξ were representing lengths 

… 
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along the spinal column with origin at the level of external auditory meatus, the length increasing towards 

hip joint. In the neighborhood of a certain point on the spinal column, this curve could be written as 

 
22

2

1

2

1
),( czbyzayzyfx 

 
(2)

 

where ),(),(),( iii  ccbbaa  values obtained by solving simultaneous equations generated using 

equation (2) for 3 neighboring values of (x, y, z). For this purpose, equation (2) was expressed as  

 )()(
2

1
)()()()()(

2

1
)( i

2
iiiii

2
ii  zczybyax 

 
(3a-c) 

where Δii  ξδ in equation (3a), ii ξδ  in equation (3b) and Δii  ξδ in equation (3c), 

 << ,i assuming that values of a, b and c were same for these closely-located points. The cross 

term )(yz vanished, when the coördinate meshc was rotated clockwise about the x axis through an angle  
 

  cossin ,sincos rotrotrotrot  zyzzyy 
 

(4a, b)
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The curvatures were computed from the coefficients of squares of rotated coördinates, i..e.,
2
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The natural curvatures in a normal youngster (matched by gender and age, in whom no spinal deformities 

are discovered) were written as 
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),( zKyKzyFx   (8) 

where i1K and i2K represented natural curvatures of a normal child. Next, the child was asked to hang 

freely from a bar and any reduction in the deformity observed. The curvatures were, again, calculated 

after guarded-graduated3 passive correction i1 and .i2 If i1K  and i2K  represented curvatures of the normal 

child in the hanging position, ‘Degree-of-Correction of Spinal Deformity’, D, was defined as 
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(9)

 

Geometrically, if i1i1   and ,i2i2   there is no correction and .0D On the other hand, 

if i1i1 K  and ,i2i2 K  the deformity is completely corrected and %.100D The deformity is classified 

as ‘severe’ ,%
3

100
0 








 D ‘intermediate’ 








 %

3

200
%

3

100
D or ‘mild’ .%100%

3

200








 D Table 1 

shows classification of D and lists recommended treatment in each category. This 3-D-static model was 

found to be useful in the study of posture of children [27]. 
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V-C. 3-D-Dynamic Modelling 

This model, a generalization of 3-D-static model developed earlier [25], included movement of the 

human spinal column during a gait cycle (Table 2). Gait analysisd is mandatory to confirm leg-length 

inequality (existence of limp) or hip weakness (existence of spastic gait). The human spinal column in 

three dimensions was generated from moiré topographs of back in the anatomical position as well as 

during the first, the second, the third and the fourth phases of gait cycle. Spinal column in the anatomical 

position was, subsequently, linked to position during the first phase of gait cycle through the edge-based 

algorithm. Similarly, position in the second phase was linked to the first phase through the edge-based 

algorithm and so on. Apart from the medical sciences, where this model could be utilized in the study of 

the human gait, one may apply this model in space medicine where physiology of the human spine could 

be studied in subdued gravity, e. g., during prolonged stay in space stations [28]. 
 

Table 2. Phases of normal gait of a child 
 

 Right Leg 
 

 Left Leg 
 

Phase 1: Right leg forward, left toe and right heel touching the ground; center of gravity lying between the two feet 

Hip Extension 

 

Extension 

Knee Extension Extension  

Ankle Dorsiflexion Planter Flexion 

Mirror Image of Phase 4; identical to Phase 7  
   

 

Phase 2: Right leg forward, right toe and right heel (that is, the right foot) touching the ground as well as left toe on ground 

Hip Extension 

 

Extension 

Knee Flexion Flexion 

Ankle Neutral Neutral 

Mirror Image of Phase 5  
   

 

Phase 3: Left foot in air (moving forward), body supported by right foot only; center of gravity lying on top of right foot 

Hip Flexion 

 

Flexion 

Knee Flexion Flexion 

Ankle Neutral Neutral 

Mirror Image of Phase 6  
   

 

Phase 4: Left leg forward, right toe and left heel touching the ground; center of gravity lying between the two feet 

Hip Extension 

 

Extension 

Knee Extension  Extension 

Ankle Planter Flexion Dorsiflexion 

Mirror Image of Phase 1  
   

 

Phase 5: Left leg forward, left toe and left heel (that is, the left foot) touching the ground as well as right toe on ground 

Hip Extension 

 

Extension 

Knee Flexion Flexion 

Ankle Neutral  Neutral 

Mirror Image of Phase 2  
   

 

Phase 6: Right foot in air (moving forward), body supported by left foot only; center of gravity lying on top of left foot 

Hip Flexion 

 

Flexion 

Knee Flexion Flexion 

Ankle Neutral Neutral 

Mirror Image of Phase 3  
   

 

Phase 7: Right leg forward, left toe and right heel touching the ground; center of gravity lying between the two feet 

Hip Extension 

 

Extension 

Knee Extension Extension  

Ankle Dorsiflexion Planter Flexion 

Identical to Phase 1  
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V-D. Crystal-Structure-based Modelling 

Crystal-structure-based model of the human spinal column was proposed in 2012 [29, 30]. Spinal 

column, being a collection of vertebrae, was described in terms of positional coördinates of center-of-

mass of each vertebra in the body-coördinate system (a coördinate system, which is fixed to the body). 

From the point-of-view of condensed-matter physics, this could be represented as form factor used in 

crystallography. This could be enhanced by adding rotational and intervertebral-spacing information and 

the analysis would be similar to that of structure factor used in solid-state physics to study structure of 

crystals. 

V-E. Cross-Lattice-Structure-based Modelling 

The cross-lattice vectors were constructed in such a way that they became independent of the coördi-

nate system chosen. A coördinate-independent representation is a pre-requisite of representing genera-

lized laws and forms the basis of principle of general covariance. This was the motivation to present the 

most general coördinate transformation by the first author in 2009 (commonly known as the scaled-

Poincaré transformations). Let â1, â2, â3, be the basis vectors for ordinarty lattice. Any vector L, may be 

represented in terms of these linearly-independent  bases  L = Lk âk    (repeated indices denote summation 

according to the Einstein convention; all latin indices take up the values 1, 2, 3). The recipriocal-latttice 

vectors for a nonrectangular lattice, may be constructed, using the basis  

 ĝk = 
321

ml
klm

2 âââ

ââ








 (10) 

as G = Gk ĝk = 2 nk ĝk; the numbers nk are integers, klm is the Levi-Civita symbole, whose values are 

+1, when the indices form even permulation (123, 231, 312), –1,  when the indices form odd permulation 

(132, 213, 321) and zero otherwise (one or more indices repeated). Equation (10) is obtained by applying 

the periodicity condition  )( Lrf ).(rf The reciprocal lattice vectors satisfy the orthonaormality 

condition âi ĝj = ij; where ij is Knoecker delta, whose value is 1 when i = j and zero otherwise. A cross 

product of the direct- and the rciprocal-lattice vectors is dimensioneless, and named as cross  lattice,   êi 

= âi ĝi   (no  summation  over  i).  The cross-lattice length can be written as 
 

 D = Dk êk = 2 nk êk (11) 
 

The following results can, easily, be derived from the above definition 
 

 D  L = D  G = 0; exp(iD  L) = exp(iD  G) = 1, (i = 1 ) (12a-d) 
 

The  eigenfunctions  of  cross lattice can be obtained by considring an anisotropic potential, which 

depends on angle, . The band must be well separated to make nondiagonal matrix elements vanish with 

respect to band index. Defining a modified Brillouin zone to be a Wigner-Seitz cell in cross lattice and 

letting D take all values inside this zone, all the coefficients vary and become functions of D. However, 

because of the periodicity in the momentum space, they are all identical functions of D, translated in 

cross-lattice space. To model the human spinal column based on cross-lattice formulation, the center-of-

mass of each vertebra was expressed in terms of cross-lattice lengths (D1, D2, D3) in the cross-lattice-

coördinate mesh. Form factor and structure factor were defined, accordingly, for cross-lattice-structure-

based model. 

Wannier functions are useful for systems, which are isotroptic, but inhomogeneous. The cross eigen-

functions, belonging to eigenstates of angular momentum in cross-lattice representation, are useful for 

systems, which are homogeneous, but anisotropic, like the human spinal cord [19]. 
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Table 3. Weights assigned for computation of NSRW and CSRW© 

 

 

© 
01-11 are extrinsic (indirectly related to spinal deformity) and 12-34 are intrinsic (directly related) factors [10]  

. Value applicable if the condition appears only during one examination — 1st exam or 2nd exam or 3rd exam 
 [x, y) means x (3 years in the first entry) included, but y (6.5 years) not — a 6.5-year-old student is, 

therefore, rated according to criterion 03 
 Value applicable if the condition appears during any two examinations — (1st + 2nd) or (2nd + 3rd) or (1st + 3rd) 

or similar pairs if more than three examinations are available 
 Value applicable if the condition appears during any three of the checkups — (1st + 2nd + 3rd) or similar pairs 

if more than three checkups have been conducted 
 Forward-bending test, with the student facing the examiner 
£ Stereophotogrammetry, clinical photography or projected grid on the body is no substitute for a good-

quality, stripped clinical examination [9] 
 Second value is applicable, if FBTF and FBTB asymmetries are on opposite sides. 
 Forward-bending test, with the student’s back towards the examiner 
# P denotes child’s percentile, computed using box-interpolation technique [31] 

 

Scoliosis-Risk Weightage A
 B

 C
 

01. Family history# 2.0# 2.0# 2.0# 

02. Age [3, 6.5) years#
 0.5# 0.5# 0.5# 

03. Age [6.5, 7.5)


 years#
  1.0## 1.0# 1.0# 

04. Age [7.5, 8.5) years#
  1.5## 1.5# 1.5# 

05. Age [8.5, 11) years#  2.0## 2.0# 2.0# 

06. Tall (above 50P) #  1.0## 1.5# 2.0# 

07. Tall (above 75P) # 1.5# 2.0# 2.5# 

08. Tall (above 97P) # 2.0# 2.5# 3.0# 

09. Wasted (more than 10%) # 1.0# 1.5# 2.0# 

10. Wasted (more than 20%) # 1.5# 2.0# 2.5# 

11. Wasted (more than 30%) # 2.0# 2.5# 3.0# 

12. FBTF (lumbar asymmetry)#  
#clinical examination£

 #1.0/1.5 #1.5/2.0 #2.0/2.5 

13. #            #graph screen projected on FBT image£ #1.0/1.5 
#1.5/2.0 

#2.0/2.5 

14. FBTB (thoracic asymmetry) #  
 clinical examination£ #1.0/1.5 

#1.5/2.0 
#2.0/2.5 

15. # #graph screen projected on FBT image£ #1.0/1.5 #1.5/2.0 #2.0/2.5 

16. Shoulder drooping#  # clinical examination£ 0.5# 1.0# 1.5# 

17. # #graph screen projected on back image£ 0.5# 1.0# 1.5# 

18. Uneven scapulae#  # clinical examination£ 0.5# 1.0# 1.5# 

19. # #graph screen projected on back image£ 0.5# 1.0# 1.5# 

20. Midline of back C-shaped#  # clinical examination£ #0.5/1.0¥
 #1.0/1.5¥

 #1.5/2.0¥
 

21. # #graph screen projected on back image£ #0.5/1.0¥ #1.0/1.5¥ #1.5/2.0¥ 

22. Midline of back S-shaped#  # clinical examination£ #1.0/1.5¥
 #1.5/2.0¥

 #2.0/2.5¥
 

23. #               #graph screen projected on back image£ #1.0/1.5¥
 #1.5/2.0¥

 #2.0/2.5¥
 

24. Nonequal body triangles# # clinical examination£ 0.5# 1.0# 1.5# 

25. # #graph screen projected on back image£ 0.5# 1.0# 1.5# 

26. Uneven spinal dimples  # clinical examination£ 0.5# 1.0# 1.5# 

27. #             graph screen projected on back image£ 0.5# 1.0# 1.5# 

28. Plumb-line nonalignment# 1.0# 1.5# 2.0# 

29. Positive moiré# #back£ 1.0# 1.5# 2.0# 

30. #                                                        #front£ 0.5# 1.0# 1.5# 

31. Positive dotted-raster#  #back£ 1.0# 1.5# 2.0# 

32. # #front£ 0.5# 1.0# 1.5# 

33. Limp# 1.0# 1.5# 2.0# 

34. Spastic gait# 0.5# 1.0# 1.5# 
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VI. QUANTIFICATION OF RISKS OF DEFORMITIES OF THE SPINAL COLUMN 

Orthopedic surgeons feel a dire need to identify factors associated with scoliosis in school children 

[32]. Power of mathematics was utilized to develop such indices, which could indicate risk of scoliosis in 

prepubertal, peripubertal and pubertal childrenf [33]. These indices go much deeper than asymmetry 

about the sagittal plane indicated by moiré-fringe topography, raster stereography and dotted raster-

stereography. They could be used in deciding which child should be put under observation. Being highly 

sensitive, moiré screening generates a large number of cases to be followed up, which overburdens the 

health-care resources, resulting in nonavailability of essential medical surveillance to those, who are at 

the highest risk of monitoring.   

VI-A. Cumulative-Scoliosis-Risk Weightage (CSRW) 

CSRW was proposed by our group 11-year ago [34], which allocated a weight to each early-warning 

signal of scoliosis (Fig. 5), which incorporated, family history (risk is increased if scoliosis detected in 

parents/siblings), age slot (3 years to less than 6.5 years; 6.5 years to less than 7.5 years; 7.5 years to less 

than 8.5 years; 8.5 years to less than 11 years), degree-of-tallness (more than 10P; 20P; 30P — P stands for 

percentile), degree-of-wasting implying lesser mass-for-height (more than 10%; 20%; 30%), positive 

forward-bending tests (indicating lumbar or thoracic asymmetry), nonalignment of plumb line, positive 

indicators in visual examination of back (C or S shape of midline of back; shoulders drooping; scapulae 

uneven; body triangles unequal; spinal dimples uneven) and positive moiré of back and front (Fig. 2a), 

positive dotted-raster of back and front (Fig. 2c) with the weightage increasing if the condition was 

present for more than one checkup (Table 3). Various tests to examine spinal column are described in 

detail in previous publications [7, 8, 14]. 

VI-B. Normalized-Scoliosis-Risk Weightage (NSRW) 

NSRW was proposed 8-year ago as a percentage [16].  It is computed by multiplying CSRW with 100 

and dividing by the sum of maximum values of scores of individual items, corresponding to a certain 

checkup. 

 %100
max


score

CSRW
NSRW  (13) 

This definition should be able to incorporate additional information available by inclusion of further tests 

in later sessions, so that the enhanced index may be compared for data collected during different years.  

VI-C. Combination of CSRW and NSRW 

Table 4 gives threshold values of CSRW and NSRW, which should warrant DSFT. The question arose 

that with the introduction of NSRW, should CSRW should lose its significance. However, based on the 

analysis of data collected in a previous study [18], it was concluded that both indictors should be 

computed and suitably combined to determine risk of acquiring scoliosis in still-growing youth. The 

assignment of risk of acquiring scoliosis as high, both indicators were equal to or above threshold, 
assignment of risk of acquiring scoliosis as high, medium or low was based on the criterion that both  

Table 4. Threshold values of Cumulative-Scoliosis-Risk Weightage (CSRW)  

and Normalized-Scoliosis-Risk Weightage (NSRW) 
 

 T(CSRW) T(NSRW) 
      

After the First Checkup 5.5§ 25%§ 
   

After the Second Checkup§ 6.5§ 30%§ 
   

After the Third Checkup§ 7.5§ 35%§ 
      

 

§Values applicable for the third and all the subsequent checkups 
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Table 5. Scoliosis-risk assignment based on threshold values  
 

Risk Assignment Threshold of CSRW. Threshold of NSRW Recommended Follow Through 
      

 

High 
 

 

T(CSRW)  
 

T(NSRW) 
Till the youngster reaches end of growth 

(19th birthday for girls; 21st birthday for boys) 
    

 

Medium 
T(CSRW) 

<T(CSRW) 

<T(NSRW) 

T(NSRW) 
Till the youngster reaches 16th birthday 

    

 

Low 
 

 

<T(CSRW) <T(NSRW) 
 

Till the youngster reaches 11th birthday 

      

—————————————————————————————————————————————— 

medium, one indicator equal to or above threshold and the other below threshold, or low, both indicators 

below threshold (Table 5).  

VII. DEVELOPMENT OF AN AI-BASED SYSTEM 

With the introduction of AI in various field, it is imperative that AI should be applied for scoliosis-risk 

assignment and case-finding. There have been attempts from different quarters in this direction [35-37]. 

VII-A. Salient Features 

The AI-based system for scoliosis-risk assignment and case-finding, should replace completely the 

human for the purpose of examination, recording and scoring of different indicators to compute CSRW 

and NSRW. Using the computed values of CSRW and NSRW, the subject is classified into high risk, 

medium risk and low risk. 

VII-B. Strengths 

The major benefits of such AI-based system are that it could be applied remotely and able to process 

patients in multiple centers, simultaneously, taking the burden off the humans involved in the 

examinations. Additionally, female patients would be comfortable if they are examined by a computer 

algorithm, as they do not have to undress in front of a physician for visual checks and forward-bending 

tests, which is at times embarrassing for peri-pubertal girls [7]. Further, analysis of moiré fringes and 

dotted-raster patterns is possible solely by computers.  

VII-C. Weaknesses 

However, leaving the health care entirely to computers is not safe for the well-being of the humans, 

they are generating the diagnosis for. Any error, which creeps in, could compound and may have 

disastrous consequences. Therefore, even after the system is validated (see the next sub-section), it is 

mandatory to manually check (this may be done through double-blind scoring of live examinations or 

those performed through video-conferencing, if the examinee is located at a remote place). Further, a 

computerized system would eliminate human interaction and human touch. Some children reported that 

palpation of their spinal column (to detect missing spinous processes) was very soothing and relaxing to 

them (served as light massage). Of course, that is not possible in the AI-based system at this stage.  

VII-D. Validation of the AI-based System 

The main challenge is to develop and test the proposed system on a valid sample extracted from a large 

population so that the AI-based results and the human-examination results match with a confidence level 

of 95% or more. Only then the AI-based system would be acceptable to orthopedic surgeons, scoliosis 

patients, at-risk youngsters and their parents. 
 

+ 
+ 

+ 

+ 

+ 

+ 

https://www.ngds-ku.org/Presentations/Moire.pdf
https://www.ngds-ku.org/Papers/J31.pdf
https://www.ngds-ku.org/Presentations/Statistics.pdf
https://www.ngds-ku.org/Presentations/Statistics.pdf
https://www.ngds-ku.org/Presentations/Statistics.pdf
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Fig. 7a-c.  (a) Incorrect and (b, c) correct ways of wearing school bag 

—————————————————————————————————————————————— 

VIII. DISCUSSION AND RECOMMENDATIONS 

The following may be the contributing factors towards discovery of a large number of cases of scoliosis 

in primary-school students: 

• Heavy-asymmetrically-stuffed school bags, worn on one side (Fig. 7a-c), do not contribute to 

scholarship, but curvatures of the spinal column, problem compounding if extra books and copies 

(even from previous year) are left in bags — the authors carefully analyzed different options [38], 

including lockers to store books in school and use of trolley bags, and concluded that the best solution 

for the Pakistani students (as well as the students around the world) seems to be to introduce a single 

monthly textbook (different sections for various subjects) cum workbook. In a previous publication 

[39], the first author and co-workers weighed schoolbags of children of different ages and found out 

that the ratios of weight of schoolbag to weight of child ranged from 0.19 to 0.38. 

• Unequal weight on feet due to faulty posture habits; high heels in girls contribute to bad body 

alignment. 

• Inactivity in students due to heavy load of homework, Internet, smart phones, television, video and 

indoor games.  

• Faulty posture because of furniture not according to size of students in school and in home; desks not 

according to sitting height, but too low (contributing to kyphosis) or too high (contributing to strain in 

neck muscles). 

• Reduction of time spent outdoors, because of lack of courtyards in home (flat/apartment residence), 

nonexistence of parks as well as dedicated-unidirectional, nonintersecting walking/jogging/running/ 

cycling/biking/automobile lanes (to rule out head-on encounters/collisions) in the cramped city 

environment — our cities are becoming concrete jungles and green-city project is the need of the hour, 

which should include green campuses for sport academies, schools, colleges, universities and research 

institutes [40-42]. Diminished outdoor activity has the immediate consequence of deprivation of sun-

shine to bare skin, which produces vitamin-D deficiency [43], resulting in weakening of the spinal 

column. 
  

The authors recommend posture examinations for boys and girls in the age group 4-7+ yearsg [3] and 

scoliosis-screening examinations for students in the age group 8-10+ years [14]. Further, sensitivity and 

specificity of each test, included in DSFT, should be determined [15]. 

• Parent and teacher awareness programs should be organized through discussion as well as guidance 

and counseling sessions, popular articles and video series. 

• Parents’ information needs should be addressed when their son or daughter is diagnosed with scoliosis, 

which should include treatment options and psychological well-being [44]. 

 

 
b a c 
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• Children should be exposed to fresh air and sunshine for 5 to 10 minutes daily during the safe- and 

intermittent-exposure time-slots to give them adequate doses of vitamin D. A list of such slots year-

round for the city of Karachi is available elsewhere [45]. They should be minimally dressed for this 

activity so that their hands, thighs, legs, and, most importantly, spinal column from external auditory 

meatus to hip joint, are exposed to sunshine. 

• At the end of each class, the students should stand up from their chairs and do light exercises stretch-

Ing hands on top and sides, bending their bodies on each side and rotating their necks 90o on the right 

and the left sides for 5-minute duration. Parents should, also, make sure that the same routine is followed 

at home during long periods of inactivity — exercises of 5-minute duration at the start of every hour. 

• Bags should be worn on both shoulders [38, 39]. Bags with one strap should be banned on school pre-

mises (Fig. 7a). 

• Prior to conducting screening for scoliosis, students may be introduced to physics [39] and Mathema-

tics of scoliosis [8] at a level appropriate to their understanding. 

IX. CONCLUSION 

In this work, the authors propose an AI-based system to replace the human completely for evaluation, 

recording and scoring of different indicators to compute various risk factor for acquiring scoliosis, in 

order to classify under-11 children as high risk, medium risk and low risk to plan and implement 

strategies for monitoring till the youngsters reach the end of growth (high risk), their 16th birthday 

(medium risk) and their 11th birthday (low risk). With the AI-based system in place, these risk 

assignments could be done in a short span of time and the pediatric population may be spared from costly 

treatment (which may involve major spinal surgery) and unnecessary suffering. This may help improve 

quality of life in the younger population, who’ll contribute efficiently and effectively as productive 

members of workforce both in the civilian and the military occupations, contributing towards the goal of 

a healthier Pakistan!  

ENDNOTES 
a
The word Asr is an Arabic word, meaning frame; 

the name ‘Asr angle’ was given by the author [9-11], 

motivated by verse (ayah) 28, chapter (suratul 

dahr/insaǎn) 76 of the Holy Quran:  

 
‘We, even We created them, and strengthened their 

frame. And when We will, we can replace them, brin-

gang others like them in their steed’.  
b
Guarded means strict surveillance for possible 

harmful effects during stretching and graduated means 

systematic increase in time of stretching in order to 

condition the body to absorb the stress.
  

c
The word ‘mesh’ is used in the spirit that the 3-unit 

vectors along the x axis, the y axis and the z axis, res-

precatively, are related through the orthonormality 

conditions. 
d
In addition, toes in (may be caused by wearing high 

heels) or toes out are looked for; gait is studied with 

the youngster (dressed, see Fig, 8a-c, in exercise- 

friendly, sweat-absorbing and figure-hugging briefs or  

 
Fig.  8a-c. Observation of gait (a, b) approaching and (c) moving 

away — children clad in exercise-friendly, sweat-absor- 

bing and figure-hugging short underpants, all 

clothing above the waist removed 
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panties, stripped-to-waist, barefooted and bareheaded) walking (on hard surface and slightly-damp sand; ideally the footprint 

impressions from the first phase to the fourth phase should be mirror image of each other, Table 2) as well as running — 

‘knees knocking’ are given particular attention, as this may be a disqualifying condition for careers in the military and the 

paramilitary organizations.     
e
The Levi-Civita symbol is not a tensor, but a tensor density. 

f
Prepubertal refers to the children, who have not yet entered puberty, characterized by SMR (Sexual-Maturity 

Rating)/Tanner score of 1; peripubertal is used for the youngsters, who are about to enter puberty (their height versus age 

function levels off — height velocity approaches zero), generally assigned Tanner score of 2; and pubertal describes the boys 

or the girls, who have started to enter puberty, normally allocated Tanner score of 3. 
g
Posture examination (child clad as for the study of gait

d
) should include careful observation of knees in the attention 

position — ‘knees joining’ may be a disqualifying condition for induction in the Armed Forces of Pakistan (could be corrected 

if detected at a young age).  
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