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ABSTRACT 

 

 

The present recommendation of the maximum bag weight to be 10-15% of 

body weight for schoolchildren has not been adequate as it is mainly based on 

biomechanical and physiological factors, without considering interaction with other 

risk factors associated with the subjective nature of back pain believed to be affected 

by psychosocial and individual characteristics of people. This serves as the basis to 

believe that the recommendation may not be sufficient for prepubescent primary 

schoolchildren, who constitute little or no part in the research leading to the initial 

recommendation. This research therefore aimed at developing a holistic 

multifactorial backpack back pain model that will provide explanation for the 

complex and multiple interactions associated with the back pain problem among the 

children. The research used mixed methodological design that employed survey, 

observation and objective measuring tools to investigate and understand the 

backpack back pain problem. A total of 662 primary schoolchildren aged 7-12 years 

(primary year 1-6) took part in the study. Descriptive and correlation statistical 

techniques were used to identify significant association among the factors. Reliability 

analysis and exploratory factor analysis were used for validating and reducing the 

variables into fitted constructs. Structural equation modelling was used for building 

and validating the model fit. Electromyography was used to establish the effect of 

age and body mass index on the trunk muscles of the children when carrying various 

weights corresponding to 5%, 10% and 15% of the body weight. The research 

established the insufficient nature of the 10-15% body weight for pain among 

primary schoolchildren. Most of the pain, load, anthropometric and physiological 

variables vary across age and racial groups. A multifactorial backpack back pain 

model consisting of anthropometry, pain, posture, backpack volume and rating 

ability was developed for better understanding of the relationship. A new safe weight 

recommendation based on percentage body weight and body mass index was made 

for the primary schoolchildren to reduce their chances of exposure to back pain. 

More longitudinal and control studies need to be conducted to identify appropriate 

percentage body weight suitable for different age groups. 
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ABSTRAK 

 

 

Cadangan berat beg maksimum semasa sebanyak 10-15% daripada berat 

badan bagi para pelajar sekolah didapati kurang wajar kerana ia secara umumnya 

berdasarkan faktor biomekanikal dan psikologi, tanpa mengambil kira hubungan 

dengan faktor risiko lain yang berkaitan dengan sifat subjektif sakit belakang yang 

dipercayai melibatkan ciri psikososial dan individu. Faktor  ini menjadi asas dimana  

cadangan berat badan 10-15% tersebut tidak lagi sesuai untuk pelajar-pelajar sekolah 

rendah yang memainkan sedikit atau tiada peranan di dalam kajian yang membawa 

kepada cadangan awal. Maka, kajian ini bertujuan membangunkan satu model 

keseluruhan pelbagai faktor mengenai sakit belakang akibat beg galas belakang yang 

akan memberi penjelasan ke atas pelbagai interaksi kompleks berkenaan masalah 

sakit belakang di kalangan kanak-kanak. Kajian ini menggunakan pelbagai kaedah 

termasuk tinjauan, pemerhatian dan alat-alat pengukuran objektif bagi menyelidik 

dan memahami masalah sakit belakang akibat beg galas belakang. Seramai 662 

pelajar sekolah rendah berumur di antara 7-12 tahun (Tahun 1-6) telah terlibat di 

dalam kajian ini. Teknik deskriptif dan kolerasi statistikal telah digunakan untuk 

mengenal pasti hubungan signifikan antara faktor. Analisis kebolehpercayaan dan 

analisis faktor teroka telah diguna bagi mengesah dan mengurangkan ciri pemboleh 

ubah kepada faktor yang sesuai. Model persamaan struktur telah diguna untuk 

membangunkan dan mengesahkan kewajaran model. Electromiografi juga digunakan 

bagi mengetahui kesan usia dan indeks berat badan ke atas otot tubuh kanak-kanak 

apabila membawa pelbagai beban berpadanan dengan 5%, 10% dan 15% daripada 

berat badan. Hasil kajian ini membutikan bahawa berat badan 10-15% tidak 

memadai untuk menentukan kesakitan di kalangan pelajar sekolah rendah. 

Kebanyakan kesakitan, beban, antropometrik dan faktor psiologikal berbeza 

mengikut usia dan jenis kaum. Satu model pelbagai faktor sakit belakang akibat beg 

galas belakang yang mengandungi antropometrik, kesakitan,  postur, keberatan beg 

galas belakang dan kadar keupayaan telah dibuat untuk memahami hubungan ini 

dengan lebih baik. Satu cadangan baru beban selamat berdasarkan peratus berat 

badan dan indeks berat badan telah diperkenalkan bagi mengurangkan risiko sakit 

belakang kepada para pelajar sekolah rendah. Kajian longitudinal dan kawalan lanjut 

perlu dijalankan untuk mengenal pasti peratus berat badan yang sesuai bagi 

kumpulan usia berlainan.  



vii 
 

 

 

TABLE OF CONTENTS 

 

 

CHAPTER    TITLE          PAGE  

    

 

  DECLARATION        ii 

  DEDICATION       iii 

ACKNOWLEDGEMENTS      iv 

ABSTRACTS       v 

ABSTRAK        vi 

TABLE OF CONTENTS      vii 

LIST OF TABLES                     xiv 

LIST OF FIGURES                   xviii 

LIST OF ABREVIATIONS                      xxi 

LIST OF APPENDICES              xxiii 

 

         1  INTRODUCTION       1 

 

1.1 Introduction to the Research     1 

1.2  Background to the Research     3 

1.3 Problems and the Research Questions   4 

1.4 Objective of the Research     6 

1.5 Scope of the Research      6 

1.6 Significance of the Research/Contribution   7 

1.7 Organisation of this Thesis     7 

1.8 Definition of Terms      8 

1.9 Conclusion        9 



viii 
 

         2  LITERATURE REVIEW      10 

 

2.1 Introduction       10 

2.2  Back Pain and Backpack     11 

2.2.1 The Biomechanics and Anatomy of  

the Spine      12  

2.2.2 The Neutral Spine Principle    13 

2.2.3 Effects of Backpacks Use on the Spine  14 

2.3 Factors Responsible for Back pain among  

Backpack Users      16 

2.3.1 Age and Gender Effect    16 

2.3.2 Body Mass Index     19 

2.3.3 Intervertebral Discs     19 

2.3.4 Duration of Loading     20 

2.3.5 Mode of Carriage: one shoulder vs  

both shoulders      20 

2.3.6 Backpack Design, Location and  

Centre of Mass Position    23 

2.3.7 Psychosocial Factors     25 

2.3.8 Physical and Sporting Activities   26 

2.3.9 Mode of Transportation    27 

2.4 Appropriate Weight of Backpacks and Associated  

Risk factors       28  

2.5 Methodological Complexity and the Multifactorial  

nature of the Backpack-Back pain Issue   30 

2.5.1 Definition of Pain     31 

2.5.2 Complexity in study Design    32 

2.5.3 Complexity in Analytical Approach   35 

2.6 Model Development for Ergonomic Application  35 

2.7 A Backpack-Back pain Multifactorial Model   41 

2.8 Conclusion       42 

 



ix 
 

         3  CONCEPTUAL MODEL DEVELOPMENT   43 

 

3.1 Introduction       43 

3.2. Systematic Approach towards Model Development  44 

3.3. Backpack Back pain Constructs    45 

3.3.1. Posture and Pain     45 

3.3.2. Anthropometry and Pain    47 

3.3.3. Backpack Culture and Pain    48 

3.3.4. Psychosocial Rating Ability and Pain   49 

3.3.5 Pain Measurement     50 

3.3.6. Backpack Back Pain Conceptual Model  51 

3.4.  Systematic Methodological Design consideration  52 

3.4.1. Sampling Population     52 

3.4.2. Structural Equation Modelling as an  

Effective Tool      54 

3.4.2.1 . Theory of SEM    57 

3.4.2.2   SEM Procedure    58 

3.4.2.3. Goodness of Fit Indices   59 

3.5. Direct and Observation Measurement of the  

 Backpack Back pain variables    60 

3.6. Electromyography      62 

3.6.1. Backpack findings using EMG   64 

3.6.2. Variation in Protocol and Research Design  66 

3.7.  Conclusion       66 

 

         4  RESEARCH METHODOLOGY     68 

 

4.1. Introduction       68 

4.2. Summary of the Research Design    69 

4.3. Research Phases      70 

4.4. Survey and Observation Methodology   71 

4.4.1. Questionnaires     71 



x 
 

4.4.1.1. Linguistic Development  72 

4.4.1.2  Questionnaire Translation  78 

4.4.2. Posture Measurement     78 

4.4.3. Direct Measurement     80 

4.4.4. Research Procedure     80 

4.4.5. Population Sample Size and Plan   82 

4.4.6. Data Processing and Statistical Analysis  83 

4.4.6.1.Statistic Software    83 

4.4.6.2 Missing Data     84 

4.4.6.3 Basic Assumptions for  

Multivariate analysis    84 

4.4.6.4 Descriptive and Sample  

Characteristics     86 

4.4.6.5 Reliability and Exploratory 

 Factor Analysis    87 

4.4.6.6 Confirmatory Factor Analysis   88 

4.5. Experimental Methodology     88 

4.5.1 Participants      88 

4.5.2. EMG Protocol      89 

4.5.3. Experimental Procedure    90 

4.5.4.  Statistical Analysis     91 

4.6 Reliability Analysis of the Questionnaire   91 

4.7 Data Reduction Procedures for Variable Groupings  95 

4.8 Reliability and Factorability of  

Children’s response                100 

4.8.1 Challenges of Comparing  

Reliability Studies               102 

   4.8.2 Factorization of Variables              103 

4.9. Conclusion                 105 

  



xi 
 

         5  RESULTS AND ANALYSIS               106 

 

5.1 Introduction                 106 

5.2 Summary of survey findings               107 

5.2.1 Demographic representation of  

the sample population               107 

5.2.2 Home-to-school distance and mode  

of transportation of the schoolchildren            108 

5.2.3 Backpack behaviour                112 

5.2.4 Back Pain Prevalence               116 

5.2.5 Activities and pain occurrence             120 

5.3 Backpack weight and its association  

with demography variables               121 

5.3.1 Percentage body weight (PBW)  

by age and gender               122 

5.4 Relationship between weight and back pain             124 

5.5 Physiological and postural effect of schoolbag  

weight on the children                125 

5.6 Sufficiency of the 10-15%PBW              130 

5.7 Multiracial Comparison of the  

Backpack Back Pain Occurrence              134 

5.8 Model Formulation Using Structural  

Equation Modelling                140 

5.8.1 Structural model               142 

5.8.2 Justification for the models              148 

5.9 Proposed solution for the  multiracial society             148 

5.10 Electromyography analysis of the proposed model            152 

5.10.1. Left Erector Spinae Muscles              155 

5.10.2 Right Erector Spinae Muscles              157 

5.10.3 Left Trapezius muscles              160 

5.10.4 Right Trapezius muscles              162 



xii 
 

5.10.5 Effect of backpack positioning and 

Borg rating of experienced pain             164 

5.13 Conclusion                 166 

 

         6  DISCUSSION                 167 

 

6.1 Introduction                 167 

6.2 Pain Prevalence and Children Schooling Culture            167 

6.3 Socio-Cultural Factors Associated With 

Backpack Carriage among Schoolchildren             169 

6.3.1 Racial Difference               171 

6.3.2 Effect of Age and Gender              175 

6.4 Suitability of the Safe Load Limit  

Based on PBW                182 

6.5 Multifactorial Complexity Associated  

with the BBPP                 185 

  6.6 Comparison of Developed Model with   

   Other Ergonomic Models               187 

6.7 Justification for the Variables in the  

New Model Using EMG               191 

6.8 Recommended Weight               195 

6.9 Additional Measures toward Reducing Back Pain 

Occurrence among Primary schoolchildren             199 

6.10 Conclusion                 201 

 

         7  CONCLUSIONS AND RECOMMENDATIONS             203 

 

7.1. Introduction                 203 

7.2. Conclusions                 203 

7.2.1. Effect of Age, Gender and Racial Differences         204 

 

 



xiii 
 

7.2.2. Development of a Holistic  

Backpack Back Pain Model              204 

7.2.3. Significant Predictive Ability of  

Body Mass Index and Age              204 

7.2.4. Validation of the Proposed Model             205 

7.3 Findings of the Research               206 

7.4. Limitation Leading to Further Work              207 

 

REFERENCES                   209 

Appendices A-I           232-264 

 

 

  



xiv 
 

 

 

LIST OF TABLES 

 

 

TABLE NO.     TITLE        PAGE 

 

2.1  Characteristics of Different types of Study Design   32 

4.1  Questionnaire’s Reviewers comment and reaction   74 

4.2  Body Mass Index categorisation for primary school children 89 

4.3  Kappa Coefficient for demography and dichotomous Variables 92 

4.4  Variability and Intra-rater reliability of categorical  

variables at 95% Confidence Interval     93 

4.5  Groupings of variables based on exploratory factor analysis  96 

4.6  Final model consisting of empirical variables   99 

5.1  Age, gender and race distribution of the schoolchildren            107 

5.2  Schoolchildren mode of transportation based on age             109 

5.3  Schoolchildren distance of house from school based on age            111 

5.4  Schoolchildren’s rating of distance from house to school            111 

5.5  Contingency table of the schoolchildren’s rating of the  

distance from house to school                112 

5.6  Contingency table for type of bag and mode of carriage            113 

5.7  Schoolchildren’s mode of book selection on age basis            114 

5.8  Those responsible for packing the backpack content             115 

5.9  Schoolchildren’s feeling after carrying their schoolbags            116 

5.10  Schoolchildren’s reaction to pain after carrying their schoolbag     117 

5.11  Back pain prevalence among the schoolchildren             119 

5.12  Contingency table for when pain started and  

period of experiencing pain                119 

 



xv 
 

5.13  The weight of the schoolbag and total load  

carried by the children                121 

5.14  Association of bag weight to the bag content and  

number of books (N=615)                124 

5.15  Association between bag weight and its  

dependent measured variables               125 

5.16  Contingency table for degree of pain and  

percentage body weight                132 

5.17  Contingency table for rating of back pain and  

percentage body weight                132 

5.18  Contingency table for neck inclination and  

percentage body weight                133 

5.19  Contingency table for back inclination and  

percentage body weight                133 

5.20  Regression analysis of the pain measuring variables and  

percentage body weight                134 

5.21  Effect of race on Children closeness to school and 

backpack culture                 135 

5.22  Back pain occurrence and behaviour among the children            136 

5.23  Racial effects in schoolchildren’s activities              137 

5.24  Racial effect on the variables dependent of the  

weight of the bag                 138 

5.25  Racial differences associated with measured  

variables independent of the weight of the bag             139 

5.26  Acceptable model fit criteria                142 

5.27  Model fit summary for the three developed models             147 

5.28  Regression equation consisting of the three variables  

predicting the weight of the backpack              150 

5.29  Racial Regression equation for the proposed  

generalised model                 151 

5.30  Age by Body Mass Index classification of the schoolchildren         154 

 



xvi 
 

5.31  ANOVA table for Left Erector spinae muscles  

reaction to loading                 155 

5.32  Estimated score summary for LES               156 

5.33  ANOVA table for interaction in Left Erector spinae  

muscles reaction to loading                157 

5.34  ANOVA table for right Erector spinae muscles  

reaction to loading                 158 

5.35  Estimated score summary for RES               158 

5.36  ANOVA table for interaction in Right Erector spinae  

muscles reaction to loading                159 

5.37  Turkey HSD Post hoc analysis reveal significant  

difference in the BMI categories               160 

5.38  ANOVA table for main and interaction effect for  

left Trapezius                  161 

5.39  Estimated score summary for LT               161 

5.40  Turkey HSD Post hoc comparison of BMI categories            162 

5.41  ANOVA table for main and interaction effects for  

Right Trapezius                 163 

5.42  Estimated score summary for RT               163 

5.43  Repeated measure result of differences in bag height  

arising from the PBW                 164 

5.44  Between subject effect in the bag height as load increases            165 

5.45  Repeated measure result of differences in pain ratings  

arising from different PBW                165 

6.1  ANOVA for Age effect on pain, school load,  

anthropometric and physiological variables              176 

6.2  ANOVA for gender effect on pain, school load,  

anthropometric and physiological variables              179 

6.3  Comparison of backpack back pain model and  

Some other ergonomics model               190 

 

 



xvii 
 

6.4  Binary Logistic prediction models for various proposals            197 

6.5  Age classification table for 7-9 year olds and 10-12 year olds         198 

6.6  Age classification table for 7-8 year olds and 9-12 year olds            198      



xviii 
 

 

 

LIST OF FIGURES 

 

 

FIGURE NO.     TITLE        PAGE 

 

2.1  The effect of backpack loading on the stability of body  15 

2.2a  Backpack carriage on both shoulders and single shoulder  22 

2.2b  Effect of Backpack carriage on the spine as a result of  

loading both shoulders and single shoulder    22 

2.3  Different types of backpack design     23 

2.4  The hexagonal spindle model      37 

2.5  The social cybernetic model      38 

2.6  Proposed path model for children computer exposure  39 

2.7  The summarised backpack-back pain model based on  

  Literature review       41 

3.1  A reflective Posture Construct     46 

3.2  A reflective Anthropometric construct    48 

3.3  A reflective backpack culture construct    49 

3.4  A reflective rating construct      50 

3.5  A reflective pain construct      51 

3.6  A Backpack-Back Pain Conceptualised Model   52 

3.7  SEM Relationships       58 

4.1  Research Framework       69 

 



xix 
 

4.2  Calibration of Neck flexure  

  (McAtamney and Nigel Corlett, 1993)    79 

4.3  Calibration of trunk flexure  

  (McAtamney and Nigel Corlett, 1993)    79 

5.1  Graphical representation of the schoolchildren  

based on age, gender and race               108 

5.2  Racial distribution of schoolchildren  

means of transportation                110 

5.3  Schoolchildren's bag content               114 

5.4  Number of books in bag per day              115 

5.5  Children's perceived feeling after carrying backpack            118 

5.6  Increase in the commencement of pain with age  

from short to long term                120 

5.7  The mean weight distribution based on age and gender            122 

5.8  The mean ratio of bag weight to body weight  

(PBW) for the schoolchildren                123 

5.9  Mean change in oxygen level due to backpack carriage            126 

5.10  Mean change in pulse due to backpack carriage            126 

5.11  Mean change in neck inclination due to load carriage            127 

5.12  Mean change in back inclination due to schoolbag carriage           127 

5.13  Modal neck inclination by different PBW categories            128 

5.14  Modal back inclination by different PBW categories            129 

5.15  Modal change in oxygen level due to backpack carriage            129 

5.16  Modal change in pulse due to backpack carriage            130 

5.17  Percentage body weight (PBW) distribution of the children            131 

5.18  Measurement model for the BBPP              143 



xx 
 

5.19  Structural model highlighting direct and indirect  

effect of backpack volume on posture and pain respectively            144 

5.20  Structural model showing direct effect of backpack  

volume on both posture and pain               145 

5.21  A holistic structural model showing the interaction  

and effect of backpack volume on other constructs             146 

5.22  Structural model of the effect of backpack design  

on children’s posture                 147 

5.23  Histogram of the standardised residuals              150 

5.24  Cumulative normal Probability-Plot of the  

standardised residual                 151 

5.25  Path analysis of multivariate backpack weight predictors           152 

6.1  Direct and indirect effect in pain variables              172 

6.2  Racial differences in load by children              173 

6.3  Non commensurate ratings by race               174 

6.4  Postural alteration based on the PBW               184 

6.5  Average weight of Schoolchildren by age and BMI             194 

6.6  The degree of feeling pain base on BMI groupings            195 

6.7  Best position of the backpack is along the trunk             200 

6.8  Common features in most commercial backpacks             201

   

 

  



xxi 
 

 

 

LIST OF ABBREVIATIONS 

 

 

AGFI    Adjusted goodness of fit 

AMOS    Analysis of moment structures 

ANOVA   Analysis of variance 

AVE    Average variance extracted 

BBPP    Backpack-back pain problem 

BMD    Bone mass density 

BMI    Body mass index 

CFA    Confirmatory factor analysis 

CFI    Comparative fit index 

COM    Centre of mass 

CR    Comparative reliabilities 

CTS    Carpal tunnel syndrome 

DOF    Degree of freedom 

EFA    Exploratory factor analysis 

EMG    Electromyography 

ES    Erector spinae 

FA    Factor analysis 

GFI    Goodness of fit 

IED    Inter-electrode distance 

MF    Median frequency 

ML    Maximum likelihood 

MPF    Mean power frequency 

MSD    Musculoskeletal disorder 

NNFI    Non-normed fit index 

PASW    Predictive analytic software 



xxii 
 

PBW    Percentage body weight 

REBA    Rapid entire body assessment 

RMS    Root mean square 

RMSEA    Root mean square approximation 

RULA    Rapid upper limb assessment 

SEM    Structural equation modelling 

sEMG    Surface electromyography 

SENIAM   Surface electromyography for the non-invasive  

assessment of muscles 

SWL    Safe working load 

TV    Television 

  



xxiii 
 

 

 

LIST OF APPENDICES 

 

 

APPENDIX    TITLE          PAGE  

 

 

A  Variables having Significant Level of association  

with reported back pain due to backpack use in the literature          232 

B  Validated English questionnaire               235 

C  Malay translation of questionnaire               240 

D  Chinese translation of questionnaire               245 

E  Tamil translation of questionnaire               251 

F  Approval letter from Ministry of Education              257 

G  Approval letter from Education Department Johor             258 

H  Pictures                  259 

I  Publications                  264 



 

 

 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Introduction to the Research 

 

This chapter provides an overview of the problem of back pain among 

schoolchildren with the aim of justifying the essence of the research.  The application 

of Ergonomics and human factor principles to issues affecting schoolchildren has not 

been receiving enough attention among researchers (Woodcock et al., 2009).  This is 

despite evidence that children are equally exposed to problems such as 

musculoskeletal disorders i.e. carpal tunnel syndrome (CTS), arthritis and back pains 

(Smith and Leggat, 2007; Roth-Isigkeit et al., 2005).  This attention is justified when 

schools could be viewed as important work stations where children (as the worker) is 

surrounded by different factors that affect their productivity in learning (Grimes and 

Legg, 2004; Benedyk et al., 2009).   

 

Recent studies indicate that schoolchildren experience much higher degrees 

of discomfort and pain than had been commonly assumed (Watson et al., 2002).  

These musculoskeletal disorders cause distractions during learning and are also 

responsible for absenteeism among the students when they need to rest at home or 

visit hospitals (Roth-Isigkeit et al., 2005; Kistner et al., 2013).  The occurrence of 

such pain also triggers other actions that affect the daily living of the children and 

their relationship with family members and friends (Roth-Isigkeit et al., 2005).  Also 

the children may also grow with these problems as literature abounds with findings 
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that musculoskeletal disorders among adults have link to childhood (Roth-Isigkeit et 

al., 2005; Watson et al., 2002; Kistner et al., 2013).  

 

This stands as justification for the attention giving to the occurrence of non-

specific back pain in school children (Grøholt et al., 2003; Trevelyan and Legg, 

2006; Bejia et al., 2005; Trevelyan and Legg, 2010).  Evidence has shown that this 

issue that was initially assumed to be non-existing among children actually cut across 

social, economic and political divides (Erne and Elfering, 2011).  Literature provides 

evidence of a prevalence rate of 12-92% which has raised lot of concerns among 

authorities responsible for the wellbeing of children (Louw et al., 2007; David, 2007; 

Rodriguez and Poussaint, 2010; Trevelyan and Legg, 2010; Trigueiro et al., 2012; 

van Gessel et al., 2011; Jones and Macfarlane, 2005; Gilkey et al., 2010).  However, 

the desire to ensure children are educated to be well placed to face future challenges 

has made education to be more demanding for the children (Grimes and Legg, 2004).  

The time the children spend studying and materials used have increased globally 

(Bauer and Freivalds, 2009; Kistner et al., 2012) since school hours has increased 

and extra training both within and outside the schools has become a universal trend.  

This is because the school now serves as a safety net for parents who spend more 

time working (Kiecolt, 2003).   

 

The children have to cope with sitting for a long period of time studying and 

also have lots of study materials which they have to transport almost on daily basis.  

These two activities have been identified as major cause of non-specific back pain in 

schoolchildren (Murphy et al., 2004).  Intervention and awareness programs have 

also been carried out to ensure that such designs and programmes achieved the 

objectives (Negrini et al., 2004; Trevelyan and Legg, 2006; Saarni et al., 2009).  Yet 

children seems to be finding it difficult to conform to this recommendation as 

indicated by large number still carrying excessive weight (Dockrell et al., 2013). 

 

Hence there is need for a holistic investigation of the backpack-back pain 

problem. The limitation of the present recommendation may not be unconnected with 
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the multifactorial nature of occurrence of pain from carrying school bags as back 

pain is seldom caused by a single event (Smith and Leggat, 2007).  

 

 

1.2  Background to the Research 

 

Back pain is now recognised as a major form of musculoskeletal disorder 

among schoolchildren (Trevelyan and Legg, 2006).  The recommendation of limiting 

the weight of school bags to 10-15% of body weight was arrived at from 

preponderance of Biomechanical and physiological analysis of load effect on 

children’s body (Hong et al., 2010).  Different studies has reported the effect of 

backpack loading on the posture (Negrini and Negrini, 2007; Hong et al., 2011; 

Chow et al., 2007), gait (Devroey et al., 2007; Hong and Li, 2005), centre of mass 

(Rugelj and Sevšek, 2011; Chow, Z Y Ou, et al., 2010), the length and width of the 

feet (Drzał-Grabiec et al., 2013) and feet-ground contact pressure (Pau et al., 2011).  

 

Recent studies have however highlighted the non-sufficient nature of this 

recommendation as there is evidence of back pain despite load conforming to the 

recommendation (Dianat et al., 2013; Al-hazzaa, 2006; Amiri et al., 2012).  The 

failure of this recommendation has led to inconsistency and development of multiple 

guidelines with has not yielded the desired solution (Dockrell et al., 2013).  Yet, the 

feasibility of further downsizing the school bag is questionable as it is impossible for 

the children to go to school without any load. A scenario that would have fit that 

assertion would be the digitization of education for which educational materials will 

be in electronic form.  This however seems to be unrealistic presently as the cost of 

such endeavour is high and many developing and underdeveloped countries will find 

it difficult to cope with as they are yet to provide the basic school necessities 

(Oyewole et al., 2010).  The developed countries will also consider household 

economy as parents belongs to different economic class.  There is also the issue of 

education pedagogy as laptop or e-learning will alter the present cognitive learning 

development as children seems not to enjoy significant benefit or improvement in 
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learning outcome due to the use of e-learning or exposure to virtual learning 

environment despite the high financial requirement (Piccoli et al., 2001; Hiltz, 1994; 

Hara, 2000). 

 

The inconsistency in the methodology has also lead to the believe that the 

problem is being exaggerated with call for development of better systematic and 

evidence based guidelines thereby calling for a more stringent approach towards 

proffering a solution (King et al., 2011; Adams and Dolan, 2005; Cardon and 

Federico. Balagué, 2004; Dockrell et al., 2013).  Most researchers have attempted to 

proffer solution based on findings from specific factors without considering 

interacting tendencies of various factors affecting human performance and 

behaviour.  These myopic approach might be responsible for the present complex 

and limited understanding of the problem of backpack and back pain (Yang et al., 

2011; Smith and Leggat, 2007; Kurtz and Edidin, 2006) and the inability to establish 

the cause and effect relationship between backpacks and related syndromes (Atreya 

et al., 2010). 

 

 

1.3 Problems and the Research Questions 

 

Considering the diversities of the risk factors in determining the safe working 

load (SWL) across different disciplines, its application across race and age lines also 

need to be thoroughly investigated to justify its validity.  This diversity may be the 

result of cultural, anthropometric, biomechanical, physiological and psychosocial 

factors inherent among people and since it is now widely accepted that technical 

approaches alone are inadequate to reduce accident rates to desired level (Paul and 

Maiti, 2008).  This might explain why multidisciplinary researches are yet to justify 

the 10-15% recommendation and findings from them seem contradictory (Golriz and 

Walker, 2011; Bauer and Freivalds, 2009).  Researches leading to these 

recommendations are believed either to be both subjective and limited in scope or the 

objective ones are from simulation rather than real life situations.   
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The sampling size used to drawn those conclusions are also limited and the 

recommendations were mostly based on studies involving adolescents.  Just like 

there is no safe or similar work limits for adults of different tasks in different 

countries, the generalisation of recommendations for all children need to be properly 

investigated since the samples used in most studies leading to the recommendations 

are adolescents (Smith and Leggat, 2007) who are from developed countries (Jeffries 

et al., 2007; Dianat et al., 2014).   

 

There exists the possibility of the recommendation failing among primary 

school children who has tenderer spine, which is the main load carrying structure in 

human.  Anatomically, vertebral body of younger children are more cartilaginous 

than bony and the spaces between their intervertebral discs are larger (Kim et al., 

2008).  These features are expected to reverse with age (Rodriguez and Poussaint, 

2010) and the spine is expected to grow sporadically until 18 years and maturing 

about 24 years (Grimmer and Williams, 2000).  The difference in the anatomy of the 

spine might play a significant role in the weakness of the recommendation which has 

already been reported not to be beneficial to younger school children (Dianat et al., 

2013).  Hence, back pain being a multifactorial problem (Marras, 2008) requires a 

multifaceted approach in arriving at a solution. 

 

Hence, this research will seek to provide answers to the following questions: 

i. What level of interaction exists among identified factors associated 

with the occurrence of back pain among primary schoolchildren using backpack? 

ii. Are there significant effect and interaction of age and gender on the 

backpack behaviour of primary schoolchildren? 

iii. Do racial differences play a significant role in the backpack- back 

pain behaviour among children? 

iv. Is the ratio of bag weight to body weight sufficient to determine a safe 

weight for the children?  Or are there other variables suitable for measurement? 
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1.4 Objective of the Research 

 

The overall objective of this research is to critically analyse the effect of 

backpack usage on back pain among primary school children with the aim of 

confirming if the existing recommendation of safe working load is applicable to all 

the age groups;  or if need be, to recommend an appropriate one. The specific 

objectives are as follows: 

a. To develop a multifactorial model describing the interaction among 

various factors associated with the backpack back pain problem.  

b. To establish that body mass index play a significant role in the 

occurrence of back pain among primary school children in order to determine if body 

mass index is a better criterion than percentage body weight for safe working load 

recommendation 

c. To develop a backpack back pain predictive model for primary school 

children. 

 

 

1.5 Scope of the Research 

 

The research will be focus on the following  

i. Prepubescent children in Primary schools. Their ages range between 7 

and 12 years. Although the back pain problem cut across geographical boundaries, 

the study’s sample population is also limited to Malaysian schoolchildren from three 

races of Malay, Chinese and Indian. 

ii. The study will also focus on non-specific back pain which refers to 

back pain without known or specific diagnosed cause. This is the commonly 

investigated area for non-medical personnel.  

iii. The study will also be cross sectional in design. However, a 

systematic approach in which both subjective and objective variables was used in 

identifying the effect of the backpack weight on the children’s perception of back 

pain and related variables was utilised during the research.  
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1.6 Significance of the Research/Contribution 

 

The findings of this thesis will help to establish an effective backpack usage 

scheme among primary school children.  It will also highlight the direct effect 

relationship between backpack safe weight and factors associating it with back pain. 

This thesis provides explanation for some of the complexity associated with the 

backpack back pain studies thereby helping to eliminate some of the 

misinterpretations associated with the problem. It will also enlighten parents and 

school authorities on the need to pay more attention on the backpack usage of the 

children and backpack manufacturers could also incorporate the recommended 

weight limits into backpack designs. 

 

 

1.7 Organisation of this Thesis 

 

This thesis is made up of seven chapters.  The present chapter is the first and 

it provides an insight into the background of the problem necessitated this research.  

It also contains the research questions and the objectives set out for achievement in 

the thesis.  The chapter also highlights the scope and significance of the research.  It 

concludes with the definition of some terms associated with the research. 

 

The review of some of the recent findings in the literature associated with the 

backpack-back pain problem and various factors identified to be associated with it 

were presented in Chapter Two.  The chapter also review the various methodologies 

currently employed in related studies which provides a good platform essential for 

proper methodological development. 

 

Chapter Three builds on the reports in previous chapter to develop a robust 

conceptual model made up of constructs identified to be significantly associated with 
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the backpack-back pain problem.  The analytical tools essential for the achievement 

of the objectives were also presented and justified for the research. 

 

Chapter Four provide a detail step to step methodology followed in order to 

achieve the objectives laid out in the research.  It also provides literature justification 

for the mixed methodology used in the research.  The analytical procedures carried 

out were clearly enumerated and justification provided for them where necessary. 

 

The results of survey and various measurements were presented in Chapter 

Five. It starts with the findings of the descriptive statistics needed to understand the 

behaviour of the sample population before presenting the univariate and multivariate 

findings aimed at unravelling the complexities associated with variables in the 

research.  The chapter concludes with the result of the sEMG analysis of the effect of 

different weight on the muscles in the affected body regions. 

 

Chapter Six discusses the result and uses logical reason based on related 

findings to recommend a new safe weight for the primary school children.  Chapter 

seven summarises the findings in the research and the recommendations made.  It 

also contains limitation and areas that need to be further investigated in ensuring the 

suitability of the modern for larger population sample.      

 

 

1.8 Definition of Terms   

 

i. Musculoskeletal disorder (MSD) refers to any abnormality in the body 

system arising from wrong body positioning during work. 

 

ii. Prepubescent refers to the childhood stage before puberty or 

adolescent.    
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iii. Adolescent is the childhood stage before an individual is referred to as 

an adult. 

 

iv. Non-specific back pain refers to pain felt in the back without definite 

cause. 

v. Holistic Model: a model developed through comprehensive 

consideration of the various interconnected components or factors associated with it.  

vi. Erector Spinae: the group of posterior muscles that runs vertically 

through the back of humans and extends the vertebrae column for postural stability. 

vii. Isometric contraction: refers to muscular force generation without 

changes in muscle length. 

viii. Back pain Prevalence: The widespread rate at which back pain occurs 

within a study population or in a particular population. 

 

 

1.9 Conclusion  

 

This chapter highlights the importance of this research. The present 

recommendations at solving the problem were identified and their limitations were 

highlighted. This makes it possible to set some research objectives which can lead to 

proffering possible recommendations that will lead to the elimination of the problem. 

 

The next chapter provides a detailed literature review on the issues and 

factors associated with the backpack-back pain problem. 
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