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The aim of study is to investigate the biomechanical pattern of sit-to-stand and
stand-to-sit movement in children aged 4 to 12 years and young adults. Seventy-six
participants were separated into 4 groups as following: (1) 18 children aged 4-6 years; (2) 19
children aged 7-9 years; (3) 20 children aged 10-12 years; (4) 19 adults aged 18-25 years. All
participants performed their preferred pattern of sit-to-stand and stand-to-sit movement.
The results showed that two patterns of sit-to-stand movement were found including sit-to-
stand with and without feet moving backward. Children performed sit-to-stand with and
without feet moving backward while adults only performed sit-to-stand with feet moving
backward. The proportion of children who did sit-to-stand with feet moving increased as the
children were older. For sit-to-stand movement, children aged 4 to 9 years completed the
task faster than children aged 10 to 12 years and adults. Children aged 4 to 9 years moved
trunk forward faster and had more hip flexion than children aged 10 to 12 years and adults.
Moreover, the maximum knee extension moments in children aged 4 to 9 years were less
than adults. For stand-to-sit movement, children aged 4 to 9 years showed less knee flexion
than adults. In addition, the children aged 4 to 9 years showed lower maximum knee
extension and ankle dorsiflexion moments as compared to adults. Therefore, the children
aged 10 years and older would perform sit-to-stand and stand-to-sit movement like adults.
This information was useful to help the clinicians to assess and interpret the sit-to-stand and
stand-to-sit capability of the children to see how their performance deviated from the
typical children. Moreover, this information can be used as the supporting document for

clinical decision making in order to apply an appropriate treatment.

Department:  Physical Therapy Student's Signature

Field of Study: Physical Therapy Advisor's Signature

Academic Year: 2017



Vi

ACKNOWLEDGEMENTS

I would like to express my deepest appreciated to Assistance Professor Suijitra
Boonyong, Ph.D., my advisor for her valuable guidance, recommendations,
encouragement, and support from the initial to the final level which enabled me to

accomplish this thesis.

| would like to express a great thank to my external examiner, Aj. Chatchada

Chinkulprasert, Ph.D for her valuable suggestion and helpful advises.

I would like to express a great thank to Asst. Prof. Dannaovarad Chamonchant
and all academic staffs at Department of Physical Therapy, Chulalongkorn University, for

teaching and giving me good advice.

Many thanks to all participants and their parents of this study for their sacrifices
time to participate in my thesis

| am indebted to Miss Duangporn Suriyaamarit for my research assistants,

helpful suggestion and all the support.

| am indebted to all my friends who have cheered me up and spent nice time
with me. Thanks Mr. Kitiphong Kanjanathanalert, Miss Nampung kumsupsiri, and Mrs.Nalin

Khumlee for all support.

Special thankfulness to Mr. Vasapol teravanapanth for Matlab writing and all

helpful advice.

I would like to thank for the research fund, The 90th Anniversary of
Chulalongkorn University (Ratchadaphiseksomphot Endowment Fund).

Finally, | would like to express my gratefulness to my beloved family for their

encouragement during difficulty times and for always being there for me.



CONTENTS

Page

THAT ABSTRACT <.ttt iv
ENGLISH ABSTRACT .ottt Vv
ACKNOWLEDGEMENTS ..ottt vi
CONTENTS <ttt vii
LIST OF TABLES .t Xii
LIST OF FIGURES ..ottt Xiv
CHAPTER 1 INTRODUCTION ....ititiiiiiicisistieieteists ettt 1
1.1 Background and rationNale. ..o 1
1.2 Objective Of This STUAY ....ccciiiiieieeie et 2
1.3 Hypothesis of the STUAY ... 2
1.4 SCOPE Of The STUAY ..ttt 2
1.5 Brief method ... i e T oottt 2
1.6 Advantage Of the STUAY ...coueeeeee s 3
CHAPTER 2 LITERATURE REVIEW ..ottt ettt 4
2.1 Introduction. SaRULALUNGRURN. SINMAVEDRSLLY. .. a4
2.2 Gross motor development in typical children.........cccicccce, a4
2.3 MOTOT CONTIOL..cuiiiiiiii e 6
2.4 Sit-tO-Stand MOVEMENT .....c.iiiiiiiiii e 7
2.0.1 Phases Of SIt-T0-STaNGd......ceeuririieieieieees e 7

2.4.2 Biomechanics of sit-to-stand movement ..., 9

2.5 Stand-to-Sit MOVEMENT.....c.iiiii e 10

2.5.1 Phases of stand-to-Sit MOVEMENT ..c..oovieeeeeee e 10



viii

Page

2.5.2 Biomechanics of stand-to-sit movement.........cccoeriecniccee 11
2.6. Development of standing up and sitting down movement..........c.cccccoeviennne. 12
2.7 Factor influencing sit-to-stand and stand-to-sit movement ..........cccccccovvicnnnee 13
2.7. 1 INTNSIC FACTONS woeieieieieie ettt 13
2.7.2 EXENNSIC FACOIS ..ot 16

2.8 Framework Of this STUAY ......cciuiieieieieieeec e 18
CHAPTER 3 MATERIALS AND METHOD .......cuciiiitiiinieitieieieteieie et 20
3.1 INErOAUCTION ..ttt 20
3.2 SEUAY AESIGN ..ttt ettt es ettt es s s s s s 20
3.3 5aMPLE SIZE .o o o BT 0 S e 20
B ParTiCIDANTS oottt ettt ettt e 20
3.4.1 Inclusion criteria for healthy children..........ccooooiiiiiiiieeeeece e, 21
3.4.2 Inclusion criteria for healthy young adulS..........cccoeeirirrrrrrrcceee, 21
3.4.3 EXCLUSION CHEEMIA ..ttt 22

3.5 SCrE@NING TOOLS w.vvieiee e 22
3.5.1 SCre@NING OIS ..ottt 22
3.5.2 Obesity SCreening tOOUS ....c.cueiirireeeee e 23

3.6 INSTIUMENTATION ...eouiiiiii e 23
3.6.1 Motion analysis system (Motion Analysis Crop., Santa Rosa, CA). .............. 23
3.6.2 FOICe PLlatfOrMS ..o 23
3.6.3 RefleCtive Markers ..o 23
3.6.0 Adjustable DENCN ... 24

3.6.5 MEASUINNG TAPE ..ttt 24



Page
3.6.6 AQNESIVE TAPES . .vviiieieiee e 24
3.7 Motion Analysis System ProCeAUIE ... 28
3.8 The StUAY OULCOMES ....oiiiiiii e 28
3.9 TESHING PrOCEAUIES......cveiitieeie ettt 29
3.9.1 Participant preparation ... et 29
3.9.2 Data COURTTION ....ciiiiiicee e 32
3.10 Data PrOCESSING. ..ttt ettt ettt ettt s et eeteeeaene e 34
3.10.2 Times at transition POINT ..o 35
3.10.3 Joint angular POSITION .....c.cuiiiiiiiee e 36
3.10.4 JOINt @aNQULAT VELOCITY ...ttt 36
3.10.5 JOINT MOMENT ...t 36
3,11 Data @NALYSIS oottt 37
CHAPTER 4 RESULTS .ottt et bttt eseees 38
4.1 Introduction ............ Bl Ml e 38
0.2 PAtICIPANTS .ttt ettt ettt ettt ettt ettt nas 38
4.3 Sit-to-stand and stand-to-sit movement strategies...........ooeeeerrrrriiscee, 40
4.4 Kinematic pattern of sit-to-stand movement ... a1
4.4.1 Times of sit-to-stand MOVEMENT........ciiiiece e a1
4.4.2 Joint angle position at each transitional point of sit-to-stand
MOVEIMENT ..ottt ettt s a2
4.4.3 Trunk anguLar VELOCITIES. .....c.ovrirreeeiee e 43
4.5 Kinematic pattern of stand-to-sit movement ... 61

B.5.1 TIMES OFf MOVEIMENT ..ttt ettt eae st eeeesesaen 61



Page

4.5.2 Joint angle position at each transitional PoiNt ..., 62

4.5.3 Trunk anguULar VELOCIIES. .......oveueviiiiieieieicse e 63

4.6 Kinetic pattern of sit-to-stand movemeNnt ... 73
4.7 Kinetic pattern of stand-to-sit MovemMENt ..o 81
CHAPTER 5 DISCUSSION. ...cuttititieeiie ettt 88
5.1 INTrOAUCTION o 88
5.2 Participants’ CharaCteristiCS ....coiiiiiieii e 88
5.3 Synergies pattern of sit-to-stand and stand-to-sit movement .........cccccccoeennne. 88
5.4 Age-related differences in sit-to-stand biomechanics ........ccccecevviveeceiinicicee, 89
5.5 Age-related differences in stand-to-sit biomechanics ..., 92
5.6 Implication of study for clinical PractiCe........cocoviviiiiiiiececeeeeeee e, 93
5.7 Limitation of this STUAY ..o 93
5.8 FUMNEr STUAY ..ot 94
CHAPTER 6 CONCLUSION ettt ettt 95
REFERENCES ...ttt 96
APPENDIX ...ttt 101
APPENDIX A ETHICAL APPROVAL ...ttt 102
APPENDIX B PARTICIPANT’ INFORMATION SCREENING SHEET (PARENT) ....c.cvvvvmenes 103
APPENDIX C PARTICIPANT” INFORMATION SCREENING SHEET (ADULT)...cccvvvevrnnnes 107
APPENDIX D INFORM CONSENT FORM (PARENT) ....curviiiiieieieierieieeissee e 112
APPENDIX E INFORM CONSENT FORM (ADULT)....cvuiiieiiieiiieieeeeieeieieeeieeeiseee e 114
APPENDIX F SCREENING QUESTIONAIRE FOR CHILDREN ..ot 116

APPENDIX G SCREENING QUESTIONAIRE FOR ADULTS.....cociiiiiiiiicccireiciccees 118



Xi

Page
APPENDIX H DATA CILLECTION SHEET ..ottt 120
APPENDIX | THAI CHILDREN’S GROWTH CHART ..ottt 121
APPENDIX J SAMPLE SIZE CALCULATION ...ttt 125
APPENDIX K RELIABILITY .ottt 127



Xii

LIST OF TABLES

Page

Table 3.1 Marker positions (Helen Hays marker set model and additional marker).... 31
Table 4.1 Characteristics of the participants in this study (N=77) ....cccooiviriniines 39
Table 4.2 Anthropometric characteristics of participants (Mean = SD).......ccccoecvveeriennes 39

Table 4.3 The number of participants who performed sit-to-stand and stand-to-sit

with and without moving feet strategies in each group. ......cccccevvirvnnnnecee 40

Table 4.4 Times of movement in sit-to-stand with and without feet moving

backward pattern (Mean £ SD). ...t a4

Table 4.5 Trunk and pelvis angle position at each transitional point in sit-to-stand

with and without moving feet Patter........oiiiiii a5

Table 4.6 F-test and p-value of angle joint position in sit-to-stand with moving

LTSy 0= 1 =] o T UPUOOOPO 0N crersr st s S TPV a6

Table 4.7 F-test and p-value of angle joint position in sit-to-stand without moving

Table 4.8 Hip, knee and ankle angle position at each transitional point in sit-to-

stand with moving feet pattern (degree): Mean=SD ........ccccooiieieiieieieiieeeeee 56

Table 4.9 Hip, knee and ankle angle position at each transitional point in sit-to-

stand without moving feet pattern (degree: Mean=SD). .......cccooovveiieiiieiiieiieeeee. 57

Table 4.10 The maximum of trunk angular velocity of sit-to-stand with and

without moving feet (degree/second: Mean=SD). ......ccvierieriinieineeeeee s 61

Table 4.11 Times of movement in stand-to-sit with and without moving feet

PALEEIN (MEANZESD). oo 63

Table 4.12 Trunk and pelvis angle position at each transitional in stand-to-sit with

and without Moving feet pPattern........cc e 64


file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709788
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709788
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709792
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709792
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709793
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709793

Xiii

Table 4.13 F-test and p-value of angle joint position in stand-to-sit with and

WItNOUE MOVING FEET ...t 65

Table 4.14 Hip, knee and ankle angle position at each transitional in stand-to-sit

with moving feet pattern (degree: MeaN=SD)......c.ovuviiriiriieieese s 68

Table 4.15 Hip, knee and ankle angle position at each transitional in stand-to-sit

without moving feet without moving feet pattern (degree: Mean+SD). .........cccoceurinnne. 69

Table 4.16 the maximum of trunk angular velocity of stand-to-sit with and

without moving feet (degree/second: Mean=SD). .....cevieienienienee s 73

Table 4.17 F-test and p-value of maximum joint moment in sit-to-stand with and

WITNOUL MNOVING FRET.....iiiieei et 74

Table 4.18 Peak of hip, knee and ankle angle moments in sit-to-stand with

moving feet pattern (N/Kg: MEaNESD). ....covuiuiuiiriieitieieie e 78

Table 4.19 Hip, knee and ankle angle moments in sit-to-stand without moving

feet pattern (N/KQ: MEANESD). ...ttt 79

Table 4.20 The contribution of maximum hip extension, knee extension, and

ankle plantar flexion moments in sit-to-stand movement (%: Mean+SD)..................... 80

Table 4.21 F-test and p-value of maximum joint moments in stand-to- sit with

and WIthOUE MOVING fEET ... 82

Table 4.22 Hip, knee and ankle angle moment in stand-to-sit with moving feet

PAttErn (N/KG: MEANZESD). .....uiuiuieiiiiiieiie e 85

Table 4.23 Hip, knee and ankle angle moment in stand-to-sit without moving feet

PALEN (N/KG: MEANESD). .. 86

Table 4.24 The contribution of maximum hip extension, knee extension, and

ankle plantar flexion moments in stand-to-sit movement (%: Mean+SD).......c..cccccc.... 87


file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709798
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709798
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709799
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709799
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709802
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709802
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709803
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709803
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709806
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709806
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709807
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709807

XiV

LIST OF FIGURES

Page
Figure 2.1Framework of the STUAY ...cccooioieiiiiiieee s 19
Figure 3.1 video cameras (RAPLOr E) ..o 24
Figure 3.2 Two Bertec force plates model (Bertec Crop., Columbus, OH).......ccoccuc.e.. 25
Figure 3.3 Twenty-four markers on base pad and six markers with pedestatl................ 25
Figure 3.4 Adjustable Chail. ... e 26
Figure 3.5 MEASUNNG TDE ...ttt 26
FIGUre 3.6 AQNESIVE TAPES ...iieiiiiieieicieee ettt ee 27
Figure 3.7 Marker POSITIONS ....cueiiieieieees ettt 30
Figure 3.8 The sit-to-stand and stand-to-sit position. (A.) The starting position of
sit-to-stand movement. (B.) The end of sit-to-stand movement and the starting
position of stand-to-sit MOVEMENT. ...t 33
Figure 3.9 The five body segment and the angle, a) is trunk angle; b) is pelvis
angle; c) is hip angle; d) is knee angle, and d) is ankle angle .........cocoeeiicieiicieicinen 35

Figure 4.1 This graph showed percentage of the movement times in four phases

OF SIt-TO-STANT MNOVEIMENT . .ttt ettt e e et e e e eeaeenaeen 42

Figure 4.2 The graph show main group effect of joint angle in sit-to-stand with

moving feet at TU1 as following; A, hip; B, knee; C, ankle ......cccovviiiiiiiciicccce 49

Figure 4.3 The graph show main group effect of joint angle in sit-to-stand with

moving feet at TU2 as following; A, hip; B, knee; C, ankle .....cooiiiiiiiiicccccce, 50

Figure 4.4 The graph show main group effect of joint angle in sit-to-stand with

moving feet at TU3 as following; A, hip; B, knee; C, ankle ..o, 51

Figure 4.5 The graph show main side effect of joint angle in sit-to-stand with

moving feet at TU1 as following; A, knee; B, ankle.......ccoveveveiiiicieieiiiieeee 52


file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709819
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709819
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709820
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709820
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709821
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709821
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709822
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709822
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709823
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709823

XV

Figure 4.6 The graph show main side effect of joint angle in sit-to-stand with

moving feet at TU2 as following; A, knee; B, ankle........cccoovvveiviviriiiiicccceeeeee 52

Figure 4.7 The graph show main side effect of joint angle in sit-to-stand with

moving feet at TU3 as following; A, hip; B, knee; C, ankle ......cccovviiiiiiiicccccee 53

Figure 4.8 The graph show main side effect of joint angle in sit-to-stand without

moving feet at TU1 as following; A, knee; B, ankle........cccoevviviviviviiiiiiicccceceee 54

Figure 4.9 The graph show main side effect of joint angle in sit-to-stand without

moving feet at TU2 as following; A, anKLe .......ccoveieeirieiice e 54

Figure 4.10 The graph show main side effect of joint angle in sit-to-stand without

moving feet at TU3 as following; A, knee; B, ankle ... 55

Figure 4.11 Mean of trunk angle during sit-to-stand movement with moving feet in

different age groups. (A = TU1, 0 = TU2, * = TU3)...ccoieiieieeieeeeeeee e 58

Figure 4.12 Mean of pelvis angle during sit-to-stand movement with moving feet

in different age groups. (A = TU1, 0 = TU2, * = TU3) ...ooioiiieieceeee e 58

Figure 4.13 Mean of Hip angle during sit-to-stand movement with moving feet in

different age groups. (A = TU1, 0 = TU2, * = TU3)...ccoioiieiieieeceeeee e 59

Figure 4.14 Mean of knee angle during sit-to-stand movement with moving feet in

different age groups. (A = TUL, 0 = TU2, * = TU3)...ooiiioiiieieeeeeeeeeee e 59

Figure 4.15 Mean of knee angle during sit-to-stand movement with moving feet in

different age groups. (A = TU1, 0 = TU2, * = TU3)...ocoioiiieieeieeee e 60

Figure 4.16 Mean of trunk velocity during sit-to-stand movement with moving feet

in different age groups. (A = TUL, 0 = TU2, * = TU3) ..o 60

Figure 4.17 This graph showed percentage of the movement times in four phases

OF SEANA-TO-STE MOVEIMENT. .ottt ettt ettt et eae e sae s 61

Figure 4.18 The graph show main group effect of joint angle in stand-to-sit

movement with moving feet as following; A, hip; B, knee; C, ankle.........cccooeeernennne. 66


file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709824
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709824
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709825
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709825
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709826
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709826
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709827
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709827
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709828
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709828
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709829
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709829
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709830
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709830
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709831
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709831
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709832
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709832
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709833
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709833
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709834
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709834
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709835
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709835
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709836
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709836

XVi

Figure 4.19 The graph show main group effect of hip joint angle in stand-to-sit

movement WIthoUt MOVING fEET. ..o 67

Figure 4.20 The graph show main side effect of joint angle in stand-to-sit with

moving feet at TD1 as following; A, knee; B, ankle ....ccoovviiiioeceeee 67

Figure 4.21 Mean of trunk angle during stand-to-sit movement with moving feet in

different age groups. (0 = TDL) oo 70

Figure 4.22 Mean of pelvis angle during stand-to-sit movement with moving feet

in different age groups. (O = TD1) cuoieiiirierieeee e 70

Figure 4.23 Mean of hip angle during stand-to-sit movement with moving feet in

different age groups. (0 = TDL) ..ottt 71

Figure 4.24 Mean of knee angle during stand-to-sit movement with moving feet in

different age groups. (0 = TDT) ..iuvieiieeiiiieieieieeeesie e 71

Figure 4.25 Mean of ankle angle during stand-to-sit movement with moving feet

in different age groups. (O = TD1) coiirieiriiiiiiienieie et 72

Figure 4.26 Mean of trunk velocity during stand-to-sit movement with moving feet

in different age groups. (0 = TD1) c.oiiiiiriee e 72

Figure 4.27 The graph show main group effect of joint moment in sit- to-stand

movement with moving feet as following; A, knee; B, ankle.......ccccoeviivivieiciiiinicicee, 75

Figure 4.28 The graph show main group effect of joint moment in sit- to-stand

movement without moving feet as following; A, hip; B, ankle.........cccoveiiiiiicciennen 76

Figure 4.29 The graph show main side effect of maximum ankle joint moments in

sit-to-stand With MOVING FEET ... 77

Figure 4.30 The graph show main side effect of maximum ankle joint moments in

sit-to-stand without moving feet as following; A, hip; B, knee ......cooeeviivniice 7

Figure 4.31 The graph show main group effect of joint moment in stand-to-sit

movement with moving feet as following; A, knee; B, ankle.......ccceeiivivicicciicicicee, 83


file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709837
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709837
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709838
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709838
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709839
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709839
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709840
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709840
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709841
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709841
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709842
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709842
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709843
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709843
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709844
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709844
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709845
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709845
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709846
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709846
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709847
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709847
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709848
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709848
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709849
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709849

XVii

Figure 4.32 The graph show main group effect of joint moment in stand-to-sit

movement without moving feet as following; A, knee; B, ankle.........ccccovvrereienennnnnen. 83

Figure 4.33 The graph show main side effect of maximum ankle joint moments in

stand-to-sit with moving feet as following; A, hip; B, kN€e ....ccovvviiiviviiiiice 84


file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709850
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709850
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709851
file:///D:/thesis%20project/after%20propasal/thesis%20book/thesis/2017-12-6%20editthesis%20book%20and%20edited%20literature%20review.docx%23_Toc500709851

CHAPTER 1
INTRODUCTION

1.1 Background and rationale

‘Sit-to-stand’ and ‘Stand-to-sit” movement are the most commmon activities in
daily life as they are transitional movements. They involved complex motor tasks
characterized by transferring from one static posture to another. In motor
development, the transitional movement is an important skill to enhance more
complex mobility and functional skills (1, 2). To achieve the standing up and sitting
down tasks, an individual requires a good coordination of movement, a good motor
control, including (a) progression for desire directions and generate force, (b) postural
control to keep his/her stability while performing the task, and (c) adaptation when

the environmental is changed.

The first performance of standing up in children was reported at about 1 year
of age (3). Previous study reported that the pattern of standing up in children of age
between 1 and 1.5 year showed a decreased peak trunk flexion and ankle dorsiflexion
movement over months of age. A frequency of successful trails also increased over
months of age. Consequently, the development of standing up has gradually improved
with age (4). Children aged between 9-10 years, showed an increase in angular velocity
of trunk flexion, and vertical ground reaction force during standing up compared with
younger children (5). Furthermore, 5-6 years old children showed no difference in
movement time of standing up when compared to adults. However, the angular
displacement and velocity of standing up in 5-6 years old children was different from
adults (6). Presently, there has not been study of the development of standing up in
kinetics aspect. Furthermore, there is still a gap of the kinematic data of the

development of standing up in some age range.

For stand-to-sit movement, the previous studies had investigated the pattern
of sitting down movement in adult population. The results showed that sitting down

movement spent more time than standing up movement (7, 8). On the other hand,



there is a lack of evidence in either kinematic or kinetic data in the development of

the sitting down movement in children.

Since the knowledge of standing up and sitting down movement in normal
development are very important to help the clinician to understand how well children
in different age can perform tasks. Then, clinicians can properly apply clinical
assessment and clinical treatment in children with delayed development. Therefore,
this study aims to investigate the kinematic and kinetic pattern of standing up and
sitting down in typical children age between 4 — 12 years old and also comparing these

patterns with young adults.

1.2 Objective of this study

To study the kinematic and kinetic pattern of sit-to-stand and stand-to-sit

movement in typical children with different age groups and young adults.

1.3 Hypothesis of the study

Typical children of different age groups and young adults would be performing
sit-to-stand and stand-to-sit movement with different the kinematic and kinetic

pattern.

1.4 Scope of the study

This study investigated the kinematic and kinetic pattern of sit-to-stand and
stand-to-sit movement in healthy typical children aged between 4 - 12 years and

adults aged between 18 -25 years in Bangkok metropolitan area.

1.5 Brief method

Sixty typical children aged 4 to 12 years old and twenty healthy young adults
aged 18 to 25 years old who were eligible in this study. They and their parents (for



children participants) were signed the consent form. Firstly, the anthropometrics were
assessed by researcher who is a physical therapist. Secondly, they were asked to attach
thirty markers on their skin. Finally, they were asked to perform sit to stand to sit

movement while recording by the motion analysis systems.

1.6 Advantage of the study

Knowing normal pattern of sit to stand to sit movements in children may
provide an important knowledge of normal development of sit-to-stand and stand-to-
sit. The results from this study, thus, may help the clinicians to assess sit to stand to

sit capability of the children or apply appropriate treatments in the clinic.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

The literatures were reviewed to support the study that associate of aged with

sit-to-stand and stand-to-sit movements. Basic knowledge and other important details

are explained following the topics.

1.

2.

Gross motor development in typical children

Motor control

Sit-to-stand movement

- Phases of sit-to-stand

- Biomechanics of sit-to-stand movement

Stand-to-sit movement

- Phases of stand-to-sit movement

- Biomechanics of stand-to-sit movement
Development of sit-to-stand and stand-to-sit movement
Factor influencing sit-to-stand and stand-to-sit movement
- Intrinsic factors

- Extrinsic factors

2.2 Gross motor development in typical children

The development in the first year of life, the infants learn how to upright the

posture. The first year development has been described into four periods. First period

is when the infant’s age between 1 to 3 months old. The infants develop the ability

to control their head in midline and in antigravity position. Second period is when the

infant’s age between 4 to 6 months old. The infants develop forearm and arm support



as well as upper trunk control. They learn to prone with hand support and shift weight
in several directions. They are able to maintain themselves in sitting with propped arm.
Third period is when the infant’s age between 7 to 9 months old. The infants learn to
control lower trunk and pelvis in an upright position. The infants use hands to pull
themselves to stand up. However, in sitting down, their eccentric control does not
develop to control the lowering part that is why they drop into sitting position. In
addition, the infants are able to crawl in this period. Final period is when the infant’s
age between 10 to 12 months old. The infants learn to control lower extremities and
they are able to get up into an upright position, standing, and further cruising, walking,

and squatting down with guarding of upper extremities.

During the second year of life, the functional motor skills are more specifically
developed to an anthropometric characteristics and individual’s play and work (9).
Children aged between 2 and 3 years are able to walk well, kick a ball, run, climb up
and downstairs and jump off the bottom step (9, 10). In 3 years old children, the skills
of these movements are increasing. When the children are ascending stairs, they can
alternate their feet and control the speed. The running movement would be
developed to be true running that is characterized by having both feet off the ground
simultaneously at the short period of time. In this year of life, children are able to ride
a tricycle. Four years old children can walk downstairs with reciprocal feet and hold
rail. Five years old children can skip, jump, rope and long jump about 2 feet. After 6
years old, children are constantly developing the motor skills. They try activities
exceeding their ability. They can climb, dance, hop, push, and pull safely. Sports and
playground games become the important roles to improve child’s motor skills

especially speed, agility and precision (9, 10).

Movement abilities associated with developmental sequence are the results of
motor control (9-11). The performance of movement such as sitting, standing, walking
and moving from sitting to standing and standing to sitting were developed as nonlinear

and interaction between intrinsic and extrinsic factors (1, 9, 11).



2.3 Motor control

The definition of motor control is an ability to direct the mechanism essential
to movement. The movements were emerged from interaction between three factors:
the individual, the task, and the environment factors. The individual factors were
related to perception, action, and cognition. The perceptual system provided the
body’s position and movement in space with respect to environment. For action, the
movement was described with in particular actions or activities. The understanding of
the nervous system such as motor cortex, brainstem, cerebellum, and basal ganslia,
which able to know the interaction of movement and action. The coordination
between the nervous system, muscular system and sensory system were help to desire
map of body in space and plan of movement to specific muscles for produce forces
that effective to control the body position. The cognitive process was related to
perception and action. The cognitive included attention, planning, problem solving,

motivation, and emotion (1).

The task factors were described by considering the tasks in 5 groups. First,
grouping by the movement of the base of support that stay still or in motion: stability
task such as sitting or standing, quasimobile task such as standing up or sitting down
and mobility task such as walking or running. Second, grouping by clinical environment,
the tasks were routine grouping consisting of bed mobility, transferring task, and
activities of daily living. Third, grouping by the regulation of neural control mechanism,
there were discrete movement tasks and continuous movement tasks. Forth, tasks
were grouped by its manipulation. The task manipulation was demanded for stability
while performing the same task but in different situations. For examples, standing,

standing and lifting heavy load, or standing and lifting light load (1).

The environment factors have been divided into regulatory and non-regulatory
features. The regulatory features were a specific environment that could be known the
size, shape, weight, and characteristics. The non-regulatory features were nonspecific

environment such as background noise and moving environment. The environment



factors could either support or obstruct while did the task. Therefore, the

understandings of environment features were essential to movement performance. (1)

Furthermore, the essential requirement for successful standing up and sitting
down was consisted of progression, postural control, and adaptability. The progression
was an ability to desire direction of movement generated force, and coordinate
rhythmic pattern of muscles during movement by coordination between the
neuromuscular system and musculoskeletal system. The anticipatory mechanism or
the feed forward strategies was the mechanism that body used to control the body
prior to doing the task (12). The requirement of postural control was an ability to keep
his/her stability and appropriate posture while performing the task. The information
from individual sensory system can determine the body’s position and movement in
space with respect to environment. They are consisted of visual, vestibular, and
somatosensory systems. For the sensory strategies is an oreanization of information
from the sensory system to control the posture in difference tasks. In standing on the
firm surface, they required a feedback control from somatosensory system 70%, visual
system 20% and vestibular system 10% (1, 13). In other movements or situations, the
sensory reweighting was used to adaptive the individual sensory proportion (14). For
the adaptation was an ability to modify movement interaction of environment such as

chair height, or support surface alignment (15-17).

Therefore, the present study aimed to investigated in standing up and sitting
down task performed with environmental control. Therefore, the individual factor was

the main factor which interaction for motor control.

2.4 Sit-to-stand movement
2.4.1 Phases of sit-to-stand

Movement analysis of standing up was described in two different perspectives
such as kinematics and kinetics. In order to make the analysis of movement more
clearly, the task has been divided into several events or phases depending on the

outcome measurements (18).



For kinematic measurement, the study of Alexander and associate (19) (19)
divided sit to stand movement into two phases. The first phase started by trunk moving
away from a backrest until the head reached its maximum anterior position. The
second phase, then, started after the end of first phase until fully standing upright
position. Meanwhile, Schenkanman (20), lkeda (21) and Nikfekr (22) and their
association (20-22) divided sit to stand movement into four phases by trunk movement
and ankle movement. The first phase is a flexion phase of standing up. It started from
trunk forward flexion to seat off. The second phase is a transition phase started from
seat off and ended at either maximum ankle dorsiflexion or trunk flexion. The third
phase was an extension phase. It was started after the end of second phase until
standing steady. Lastly, stabilization phase was a maintaining in standing steady for a
while. In the study of children, Park eun sook and associate (23) had divided standing
up movement into five phases by trunk movement and ankle movement. Phase |,
forward trunk flexion begun at initiation of trunk flexion. The ending of Phase | and
start of Phase Il were at the point of the maximal hip flexion. The end of phase Il was
at the point of knee abruptly extended and the hip lifting off the chair. In phase lll,
started right at the end of phase Il until the maximal ankle dorsiflexion. In phase VI,
this phase started at the maximal ankle dorsiflexion and ended at standing up with
trunk and knee fully extend. Phase V is a stable standing phase. It started right after

the end of the fourth phase and ended when an individual in stable standing pose.

For kinetic measurement, the study of Hirschfeld and associate (24) (24)
divided sit to stand task in two phases by using the force obtained from seat sensors.
The first phase started at the beginning of sitting and ended when the force
disappeared at the seat off. In studies of Roebroeck (25), Riley (26) and their associate
(25, 26), they also divided phase of sit to stand into three phases; flexion, transition,
and extension phases. They use center of mass movement to divide phases. When
center of mass moves in forward direction, it was defied as flexion phase. However,
there was an unclear definition of the ending point of the flexion phase. For extension
phase, it started at the center of mass move in vertical direction. For transition phase,

it was between flexion and extension phase. In addition, in 1990, Kralj and associate



(8) divided standing up movement pattern into four phases of movement by using
the changing of momentum and the components of ground reaction force in Fig 2.1
as criteria. The first phase was the initiation phase that began with a rapid change of
momentum until vertical ground reaction force had positive change. The second phase
was seat unloading phase. It started out at the end of the initiation phase to seat off
when the anterior shear force reached to maximum. The third phase is ascending
phase. After seat off, the ascending phase started. When the knee was fully extended,
it indicated either the end of the ascending phase or the beginning of the stabilization
phase. When the vertical ground reaction force was equal to the body weight, it was

defied as the end of stabilization phase.

Accordingly, the present study used kinematic and kinetic measurement for
phase dividing. Therefore, the event of sit to stand movement was divided into 4
phases by trunk movement and ankle movement. Firstly, flexion phase began with the
trunk forward flexion to prior seat off. Secondly, transition phase started at seat off
and end at maximum vertical ground reaction force. Thirdly, extension phase, this
phase started after ending of second phase to quiet standing. Lastly, stabilization

phase, it began after hip extension velocity reached 0°/sec.

2.4.2 Biomechanics of sit-to-stand movement

In the previous studies, the standing up movement started from quiet sitting
position. The beginning of the task began when the trunk initiation moved. The trunk
flexion was increased while thigh, shank and foot performed like a remained stationary
(25) until the trunk reached to maximum flexion. Then, knee slightly extended,
followed by, the buttocks moved up from a chair and the ankle reached to the
maximum dorsiflexion. The trunk and knee further extended into upright standing

position.

When the trunk was flexed, the upper body momentum and the center of
mass (COM) were generated and move in forward direction (7, 20, 25). The COM

horizontal velocity increased and reached to the maximum prior seat off. At the
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maximum ankle dorsiflexion, the COM was moved to the maximum anterior point (20).
The body weight was transferred from a chair to feet (27). The flexion momentum of
the upper body was changed to be the flexion momentum of the total body and led
to upwardly and anteriorly moving of the total body. Consequently, the COM velocity
was decelerated in horizontal direction and accelerated in vertical direction (20). When
the vertical velocity of COM reached to the maximum, the velocity was performed

deceleration (25).

The lower extremity muscle activities which activated during standing up
movement. Tibialis anterior were activated first at the beginning of the sit to stand
movement. Before seat off, biceps femoris, rectus femoris, vastus medialis, vastus
lateralis, and soleus muscles were begun to activate (25, 28). The EMG activity level of
these muscles were increased and reached to maximum at seat off except the tibialis
anterior muscle, which the EMG activity level were decreased (25, 28). In addition,
when trunk and knee were extend, the EMG activity level of rectus femoris, vastus
medialis, and vastus lateralis were decreased, except the soleus and gastrocnemius

muscles, their EMG activity level were similar (25, 28).

2.5 Stand-to-sit movement
2.5.1 Phases of stand-to-sit movement

There have been a few biomechanical studies focusing on sitting down
movement (2, 7, 8, 29-33). For describing the phases of the sitting down movement,

two different perspectives such as kinematics and kinetics have been described.

For kinematic measurement, Wang (30) and Ashford (33) and their association
have divided sitting down movement into two phases such as trunk flexion and trunk
extension phases (30, 33). The trunk flexion phase started at the beginning of trunk
flexion. When the trunk was beginning to extend, it was defined as ending of the flexion
phase and the beginning of the extension phase. Moreover, the study of Manckoundia

and associates (2) (2) has divided sitting down movement in two phases: downward
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phase and backward phase by the movement of shoulder. The downward phase
started at the initiation of shoulder movement and ended when the vertical
component of shoulder was dropped less than 5% of its maximum value. The
backward phase was started after ending of downward phase until shoulder velocity
decreased below 5% of its maximum value. However, the study of Dubost (29) and
Mourey (31) and their associate did not describe phase of sitting down. They described

only when the seat on occurring (29, 31).

For kinetic measurement, Kralj and associate (8) has separated sitting down
movement in four phases by using the changing of momentum and the components
of ground reaction force (8). The first phase was the initiation phase that began with
posture that chages into stooping posture and ended with the vertical ground reation
force lower than 98% of body weight. The second phase was descending phase. It
started from the ending of the initiation phase until the buttock contacted the chair.
The third phase was seat loading phase. It started when the buttock contacted the
chair. The body weight was transfer from legs to the seat. The ending of this phase
defied as anterior-posterior shear force reached its minimum. The last phase is

stabilization phase, when the trunk bended back to quiet sitting position.

Accordingly, the present study used kinematic measurement to define two
phases of sitting down movement: flexion and extension phases. The trunk movement
and buttock seat on chair were used as a criteria. Firstly, flexion phase began from
initiation of trunk movement until seat on that buttock down initial contact on chair.
Secondly, extension phase, this phase was right after seat on and upright sitting

posture.

2.5.2 Biomechanics of stand-to-sit movement

For described the biomechanics of stand-to-sit movement, the phases of stand-
to-sit movement were categorized into two phase: flexion and extension phase. The

flexion phase began from initiation of trunk movement until seated that buttock down
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on initial contact to the chair. The extension phase, the definition of this phase was

after seat on and upright sitting posture.

In the flexion phase, the starting movement was quiet standing. The standing
posture was transferred to stoop posture. Trunk and knee movement were increased
in flexion (7, 8). In this phase, forward trunk flexion was contributed to stability control
along the antero-posterior axis (29). Maximum trunk flexion was occurred at the time
of seat on, while maximum ankle dorsiflexion occurred just before the seat on (29, 33).
When buttock contacted to the seat, the body weight was transfered to seat. Then,

trunk was extended to upright sitting posture.

The muscle activation in flexion phase consisted of hamstring, gluteus
maximus, erector spinae, and rectus abdominis muscles. These muscles activation
happened throughout this phase. Tibialis anterior was activated after beginning of
flexion phase and activated throughout the phase. However, quadriceps muscles was
activated at the beginning of this phase and deactivated just over half way of the
flexion phase. After the buttock contacted the seat, gluteus maximus and rectus
abdominis remain active during this phase. Meanwhile, hamstrings and tibialis anterior
were activated throughout flexion phase until there were deactivated just after the

middle of extension phase (33).

2.6. Development of standing up and sitting down movement

The first performance of standing up were occurred children around 12 months
old (4). During the development of standing up movement, the number of successful

trials and the movement pattern were gradually improve with age (3, 4).

Previous study reported that the pattern of sit to stand was different in children
with different age groups and also in children who have less and more time to practice
skills. McMillan and Scholz (3) (3) studied in infants post acquisition time of sit to stand
(12 - 16 months old). Infants 2 weeks post acquisitions used forward up pattern, which

occurs when infants slide the buttocks forward on seat with minimal trunk flexion and
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then stand. In contrast, infants 18 weeks post acquisition were developed to use

diagonal up pattern that infant flexes trunk prior to lift off.

Movement times of sit to stand were increased with age until 6-7 years old.
The movement time in 6-7 years old children were similar as it was in adults. However,
children aged 4-5 years old have more variability of movement time than younger and
older age group (5, 6). In 9-10 years old children, they showed an increase in angles
displacement, the angular velocity of trunk flexion, and vertical ground reaction force
during standing up compared with young children (5). Furthermore, 5-6 years old
children showed no difference in movement time of standing up compared to the

adults (6).

Moreover, the movement of sitting down spent more time than standing up
movement (7, 8). Meanwhile, there has not been any study reported the development

of the sitting down in children.

Therefore, the performance of standing up and sitting down movement were
related to age. The present study investigated how the children learn to perform the
standing up and sitting down movement while dealing with gravity or other forces

related to movements.

2.7 Factor influencing sit-to-stand and stand-to-sit movement

During standing up and sitting down movement, children must control center
of mass within the base of support (1). If they have an impairment of postural control
during standing up and sitting down movement, they would fall down (28). There have
been 2 factors that affect standing up and sitting down movement which consist of

intrinsic and extrinsic factor (34, 35).

2.7.1 Intrinsic factors

The intrinsic factors that consist of individual factor and strategy of

movement. In the example of individual factor are age, and obesity (4-6, 34).
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Strategy of movement is an individual movement such as speed, foot position, trunk

or knee position, and movement (3, 28).

2.7.1.1 Age

Development of standing up and sitting down movement were associated
with the postural control development. For children aged 3 three years old, the
sensory predominance was shifted from visual sensory to somatosensory. The sensory

integration was completely developed at 7 years old (1).

Previous studies reported that the pattern of standing up was different with
age (3, 5, 6). McMillan and Scholz (3) (3) studied in infants post acquisition time of sit
to stand (12 — 16 months old). The results showed that the infants had used different
pattern in standing up. In the first period of performance, children performed forward
up pattern to stand up. After the first period, children performed diagonal up pattern
to stand up.

The trunk forward flexion displacement and velocity were increased in 9-
10 years old children when compared with 4-5 years old children. The vertical ground
reaction force during standing up in children aged 9-10 years had greater than younger

children (5).

Therefore, this study separated children in three different age groups. The
youngest children would be age between four and six years old, a period of transition
in balance, the children were learning to control balance by sensory reweighting. They
used too much of visual orientation to control their posture and undeveloped reweight
process of sensory information(36, 37). The second group would be age from seven to
nine years old (1). By seven years old, the children had completely developed the
postural control like adults (1, 5). In contrast, the reweighting process of
visual/somatosensory inputs was also maturing. The third group, the children aged
between ten and twelve would have more experiences of standing up and sitting down

movement (5). Meanwhile, the inter-modal reweighting process and forward direction
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of balance were fully developed(38, 39). Maybe the patterns of the movements will

be developed as adult performance.

2.7.1.2 Obesity

In obese populations, the biomechanics of standing up movement was
different from normal populations. They moved the feet more backward and
minimally flexed the trunk. Relatively, the moment were load on knee joint more than
hip joint (40). In frontal plane, obese increased movement of hip abduction during

standing up resulting in an increased hip abduction moment (41).

2.7.1.3 Strategy of movement

The different foot positions were affected movement of standing up
movement. The anterior and posterior foot position were investigated in previous study
(28, 42). The anterior foot position placed the foot align below to knee joint (reduce
knee flexion). The posterior foot position is foot placed aligned posteriorly to knee
joint (increased knee flexion). When the foot placement with reducing knee flexion,
the movement time of standing up task was more than the foot placement with
increasing knee flexion (28). The hip extension moment were increased when foot
placement with reducing knee flexion as compare to foot placement with increasing
knee flexion. The ankle plantar flexion moment was increased when foot placement
with increasing knee flexion as compare to foot placement with reducing knee flexion

(28, 42).
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2.7.2 Extrinsic factors

The extrinsic factors are different in environment such as chair characteristics
(a type of chair, the height of the chair, back rest and arm rest), floor, footwear, and

external loading (35, 43, 44).

2.7.2.1 Chair characteristics

Most researchers investigated the impact of using different chair and how it
affected the standing up movement such as height of the seat, armrest, backrest, and
chair type. The height of chair was focused on a lower chair (the height less than 100%
of lower leg length) and a higher chair (the height more than 100% of lower leg length)
(16, 17). The range of hip, knee, and ankle motion was decreased maximum flexion
when standing up from higher chair (16). The peak vertical ground reaction forces were

greater during standing up from lower chair than from higher chair (17).

The effect of armrest related the standing up movement occurred when
used the armrest. The study of Alexander et al (1991) reported that healthy young
participants and healthy older participants performed similar movement of trunk
flexion while used or did not use hand (19). The lower moment of hip and knee

extension moment were reduced when performing standing up task (35).

The influence of backrest of chair were not concerned in previous study of
standing up and sitting down movement (16, 31). The backrest was used to manage
starting position of standing up task. These studies were not comparable the trunk

position with or without backrest.

2.7.2.2 Supporting surface alignment

Assaiante et al (2013) (15) studied standing up and sitting down movement
in three different support surfaces with two visual conditions. The supporting surfaces
were horizontal support surface (H), support surface tilted 10° to right in medial lateral

direction (LAT), and tilted forwardly in the antero-posterior direction (AP). The visual
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conditions were eyes opened and eyes closed. The result showed that there was no
effect of vision on standing up and sitting down movement in children aged 7-10 years
old and adults. However, there were the effects of support surface inclination. Adults
performed decreased trunk flexion during standing up in AP condition when compared
with H condition. In contrast, children did not change in trunk flexion movement during
standing up in AP condition. For standing up movement, both children and adults
showed decreased trunk extension when the support surface was tilted forwardly. For
sitting down movement, both children and adults were decreased trunk flexion and

extension during sitting down with the surface that was tilted forwardly.

2.7.2.3 External forces

The external forces that affected standing up movement such as back
loading was investigated by Seven et al (2008) (43). When standing up with carrying a
backpack weighted 20% of participants’ body weight, the ankle dorsiflexion at the
initiation of movement and the maximum ankle dorsiflexion were significantly
increased with respect to standing up without adding an external load. The hip flexion
at the initiation of movement and the maximum hip flexion were significantly increased
with respect to standing up without external loading. The ankle plantar flexor and knee
extensor moment were significantly increased for standing up with external loading as

compared to standing up without external loadins.

The influence factors that affected standing up and sitting down movement
were consisted of intrinsic factors: age, obesity (4-6, 34), and strategy of movement (3,
28) and extrinsic factors: chair characteristics (a type of chair, the height of the chair,
back rest and arm rest), supporting surface alignment, and external loading (35, 43, 44).
In this study, age was investigated whether it would be a factor that affects standing
up and sitting down movement while the other factors were controlled, as they are

confounding factors.
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2.8 Framework of this study

This study focuses on the development of sit-to-stand and stand-to-sit
movement in typical children. Figure 1 shows factors that affects biomechanics of sit-
to-stand and stand-to-sit movements. A summary for this study can be described as

followed:

The influence factors of sit-to-stand and stand-to-sit consist of intrinsic and
extrinsic factors. The intrinsic factors consist of age, anthropometrics, and dynamic
postural control. The extrinsic factors consist of chair characteristics, supporting surface,
and external forces. This study focused on the development of sit-to-stand and stand-
to-sit movement. Accordingly, the factor of age was a main effect of this study. The
other factors were confounding factors that were controlled. Biomechanical analysis
was used to explain the pattern of the sit-to-stand and stand-to-sit movement.
Therefore, the outcome measurements were as follow: 1) kinematic variables: total
time of movement, movement time in each phase, joint angle position and velocity,

2) kinetic variables: joint moment.
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Figure 2.1Framework of the study



CHAPTER 3
MATERIALS AND METHOD

3.1 Introduction

This chapter describes the study design, sample size, participants’
characteristics, screening tools, instrumentations, study outcomes, procedure, data

processing and data analysis.

3.2 Study design

A cross — sectional study

3.3 Sample size

The number of sample size was calculated from G*Power program version
3.1.9.2 based on the result of the pilot study (Appendix E). Total sample size was eighty

participants. The study was separated in to 4 groups, twenty participants in each group.

3.4 Participants

Sixty typical children and twenty adults who are eligible for this study were
recruited from Bangkok metropolitan area by leaflets and social networks. The
volunteers who are interested to join the study were interviewed by telephone about
health history, weight and height. The researcher made an appointment with the

volunteers who passes the inclusion criteria by phone interview for testing.

AUl participants were informed about the testing procedure before participating in the
study. Participants who were eligible to the study and their parents had read and
signed the consent form before participating in the study (Appendix A). Participants
were separated into 4 groups. For each group, the number of participants were in equal

proportion for both male and female. The groups are consisted of
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Group 1: Children aged between 4 and 6 years old.

Group 2: Children aged between 7 and 9 years old.

Group 3: Children aged between 10 and 12 years old.

Group 4: young adult aged between 18 and 25 years old.

3.4.1 Inclusion criteria for healthy children

—_

. Children participants aged between 4 and 12 years old

. Aged appropriate standard weight and height, based on the growth chart

from Thailand ministry of republic health department of health (45)
Able to follow commands or instructions
Do not have allergic reaction to adhesive tape

No history of obvious musculoskeletal disorders which affect ability to
stand or complete the tasks such as pain, limited range of motion
fracture, deformity, noticeable scoliosis, and leg discrepancy different

more than 2 centimeters

No history of obvious neurological disorders such as seizure, numbness,
or muscles weakness
Do not have a visual problems or participants who could be corrected

with eyeglasses or contact lens.

3.4.2 Inclusion criteria for healthy young adults

—

Adult participants aged between 18-25 years old
Body mass index < 23.0 kg/m? (46)
Able to follow commands or instructions

Do not have allergic reaction to adhesive tape

. No history of obvious musculoskeletal which affect ability to stand or

complete the tasks disorders such as pain, limited range of motion
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fracture, deformity, noticeable scoliosis, and leg discrepancy different
more than 2 centimeters
6. No history of obvious neurological disorders such as seizure, numbness,

or muscles weakness

7. Do not have a visual problems (except for participants who could be

corrected with eyeglasses or contact lens)

3.4.3 Exclusion criteria

1. Taking the medicines that affect to their ability of postural control

within 24 hours prior to testing

2. Unable to complete the task

3.5 Screening tools
3.5.1 Screening forms

Two screening forms created by researcher for children participants and young
adult participants, respectively (Appendix A & B) were used to screen for the eligible
participants. The forms consist of 2 parts to obtain about health history and
anthropometric data (Appendix F and appendix G). In the part of health history, the
researcher interviewed each participant about aged, weight, height and inclusion
criteria by phone. For the anthropometric data, physical examinations were performed

in the experiment day.
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3.5.2 Obesity screening tools

3.5.2.1 Thai children’s growth chart
The Thai children’s growth chart was developed by the Department of
Health, the Thai Ministry of Public Health (45). This chart was used to classify whether

children have height and weight appropriated to aged and gender (Appendix ).

3.5.2.2 Body mass index classification

The body mass index for Asian populations was developed by World
Health Organization in the Western Pacific Region. They suggested that the cut offs for
over weight in Asian-Pacific regions were more than or equal to 23.00 kg/m2(46). This

was used to indicate whether adult participants have normal weight.

3.6 Instrumentation
3.6.1 Motion analysis system (Motion Analysis Crop., Santa Rosa, CA).

Eight video cameras (Raptor E) (Figure 3.1.), Frame rate was set at 120 Hz and
speed shutter was set at 1/1000 sec. Cortex software version 2.6.2 was used to collect

the movement data.

3.6.2 Force platforms

Two Bertec force plates model (Bertec Crop., Columbus, OH) were used in this
study. The size of force plate is 600 x 400 mm. The sampling rate was set at 1200 Hz
(Figure 3.2).

3.6.3 Reflective markers

Thirty reflective markers were placed on participant’s body. Other two
reflective markers were placed on adjustable bench (Figure 3.3). The size of markers
was 12.5 mm. The twenty-four markers were marker on base pad. The other six markers

were marker on pedestal.
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3.6.4 Adjustable bench

The adjustable bench was made from metal without backrest and arm rest.

(Figure 3.4).
3.6.5 Measuring tape

The measuring tape was used to measure anthropometric data of participants

(Figure 3.5).

3.6.6 Adhesive tapes

Two types of adhesive tapes were used in this study: double side tape, and

microporous surgical tape (Figure 3.6).

Figure 3.1 video cameras (Raptor E)
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Figure 3.2 Two Bertec force plates model (Bertec Crop., Columbus, OH)

Figure 3.3 Twenty-four markers on base pad and six markers with pedestal



Figure 3.4 Adjustable chair

Figure 3.5 Measuring tape
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Figure 3.6 Adhesive tapes
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3.7 Motion Analysis System Procedure

The system calibration was the most important step in the process of
preparation system. The process in calibration system can be separated into two steps.
The first step is static calibration which uses L-frame with precisely four located
markers. In the process, the L-frame is placed on the corner of the force plate and all
the cameras detected all of markers on the L-frame. This corner of force plate was
designed as an origin of the global coordination system (0,0,0). This calibration step
was exacted the position of each cameras in x,y,z coordinates. The second step of
calibration system is dynamic calibration which uses wand with precisely three located
markers. The length of wand was set at 500 millimeter measuring from end marker to
end marker. The process of wand calibration is waved the wand up and down and side
to side through the volume for 60 seconds. If the results of wand length is between
499.98 and 500.02 millimeter. It was accepted because the wand length is very close

to original wand length.

3.8 The study outcomes

The independent variable in this study was age. Four different age groups

consist of three groups of children and a group of adults.

The primary dependent variables in this study were kinematic and kinetic
variables. The kinematic variables consist of total time movement, movement time in
each phase, the pattern of joint movement: hip, knee, and ankle joint displacement
and velocity. The kinetic variables consist of peak moment of joint angle: hip, knee,
and ankle joint after seat off in standing up movement and before seat on in sitting

down movement.
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3.9 Testing procedures
3.9.1 Participant preparation

All participants were asked to change the clothes to tank top, shorts and swim
cap that the researcher has prepared for them. Each type of clothes (three type; tank
top, shorts and swim cap) is made from the same materials. Then, the physical
therapist asked participants to test their dominant stance leg by following activities;
kick a ball, picking up a small object from floor, and tracing shape on the floor. The
side of leg that used to stand at least two out of three task was determined as a
dominant stance leg (47). Then their height, weight, sitting height, leg length (ASIS to
medial malleolus), thigh length (greater trochanter to lateral femoral condyle), lower
leg length (joint space of knee to floor), foot length and foot width were measured by
the researcher who is a physical therapist (Appendix H). On the lower limb, there were

measured on the dominant stance leg.

Thirty reflective markers were placed on participant’s body as described by
Helen Hays marker set model (Figure 3.7) (Table 3.1) (48). And additional marker was
place on right greater trochanter for measure the time when the buttock is on/off the
chair. To establish accuracy of marker positions, the researcher was trained and then

tested the intra-rater reliability before data collection (Appendix K).



Figure 3.7 Marker positions
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Table 3.1 Marker positions (Helen Hays marker set model and additional marker)

31

Marker position Placement

1. Top of the head On the center top of the head, in line with the back
and front markers

2. Back of the head On the front and back of the head at same height

3. Front of the head above the floor

4. Left shoulder Tip of the Acromion Process

5. Right shoulder

6. Left elbow Lateral Epicondyle of the Humerus

7. Right elbow

8. Left wrist Centered between the styloid Processes of the Radius

9. Right wrist and ulna

10. Offset Right scapular

11. Left ASIS Anterior Superior Illiac Spine

12. Right ASIS

13. Sacrum Superior Aspect at the L5-sacral interface

14. Left thigh On lower thigh below the mid-point, for greatest

15. Right thigh visibility by all camera

16. Left lateral knee Along the flexion/extension axis of rotation at lateral

17. Right lateral knee | femoral condyle

18. Left shank On lower shank below the midpoint, for greatest

19. Right shank visibility by all cameras

20. Left lateral ankle Along the flexion/extension axis of rotation at lateral

21. Right lateral ankle | malleolus

22. Left heel Posterior calcaneus at same height from floor as toe

23. Right heel marker

24. Left toe Center of the foot between the 2" and 3"
metatarsals
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Marker position Placement
25. Right toe
26. Left medial ankle Medial malleolus

27. Right medial ankle

28. Left medial knee Medial femoral condyle

29. Right medial knee

30. Right Greater Right greater trochanter

trochanter

3.9.2 Data collection

Sit-to-stand and stand-to-sit movements were recorded by the motion analysis
system and the two force platforms. Two reflective markers were placed on the right
side at each end of the seat to create a reference line for indicating when seat on and
off occurred. An adjustable chair without backrest and armrest was used. The height
of bench was set at 100% of lower leg length in each participant (Measure from lateral
knee joint space to the floor in standing position). The seat depth was set at 25% of

thigh length (42).

The starting position was sitting on the adjustable bench and arms cross the
chest. Both feet placed at the feet mark position on force platforms that feet keep
shoulder width apart and the lateral malleolus was align with the center of knee joint
(Figure 3.8) (28). The participant was asked to perform standing up with preferred
speed, standing steady for 5 seconds and then, sitting down. The verbal command is
“ready and standing up” for starting a movement and after quiet standing 5 seconds

the verbal command is “ready and sitting down up”

While performing the sit-to-stand and stand-to-sit movement, participants were
asked to perform the task with self-select pattern that the foot placement was not
constrained except to ensure that each foot was placed on each force plate. A few
trials of sit to stand to sit movement were allowed through the participants familiar

with study protocol. The three successful trials of each standing up and sitting down
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task was collected(d, 17). For the children aged between 4 and 6 years old, their parent

able to standing in front of their child and encourage them.

Seat depth:
25% of thigh length.

Seat height:
100% of lower leg
length.

seat height: —

100% of lower leg
length.

Figure 3.8 The sit-to-stand and stand-to-sit position. (A.) The starting position of sit-to-
stand movement. (B.) The end of sit-to-stand movement and the starting position of

stand-to-sit movement.
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3.10 Data processing

The three complete data of each movement were used to analyze movement.
The fourth order Butterworth digital filter at cut off frequency 6 Hz was used to clean
up and smooth data. The four segment model included foot, shank, thigh, and trunk.
The positions of segment orientation were defined by lines connecting the head of
third metatarsal and ankle, ankle and knee, knee and hip, hip and shoulder

respectively (Figure 3.9).

Sit-to-stand movement was separated into 4 phases of movement by five
transitional points (TUO-TU4) as following: TUO, the initiation point of trunk flexion or
feet slight backward (time at horizontal velocity of shoulder marker or ankle marker >
0.1 m/sec); TU1, the point at knee joint abruptly extension occurring (the right grater
trochanter marker move up from a reference line formed by two markers placed on
seat); TU2, the point at the vertical ground reaction forces reached to maximum on
both of force plates; TU3; shoulder move highest; TU4 end of standing up (time at

vertical and horizontal velocity of right greater trochanter marker < 0.1 m/sec).

Stand-to-sit movement was divided into two phases of movement by three
transitional points (TDO-TD2) as follow: TDO, the point at the initiation of hip or knee
flexion (time at vertical and horizontal velocity of shoulder or right greater trochanter
marker > 0.1 m/sec); TD1, the point at seat on when the buttock contacts on the
bench (the right grater trochanter marker move down close to a reference line formed
by seat markers), TD2, the point at the end of stand-to-sit (horizontal velocity of

shoulder marker < 0.1 m/sec.).

Total movement time of sit-to-stand and stand-to-sit were converted to 100%
and average kinematic and kinetic curves were used to plot graph. MATLAB software
and Motion Analysis KinTools RT were performed to calculate the values of the

dependent variables and plot graph.
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Figure 3.9 The five body segment and the angle, a) is trunk angle; b) is pelvis angle; c)

is hip angle; d) is knee angle, and d) is ankle angle

3.10.1 Total movement time

Sit-to-stand movement, the total time movement was recorded between
starting at TUO and ending at TU4. For stand-to-sit movement, the total time of
movement was between starting of flexion phase (TD0) and ending of extension phase

(TD2). The total time of each movement was presented in second (s).

3.10.2 Times at transition point

For sit-to-stand movement, movement time was measured at TU1, TU2, and
TU3. For stand-to-sit movement, movement time was measured at TD1. The times at

transition point was presented in percentage (%).
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3.10.3 Joint angular position

Five body segments model was used to contribute the angles. The joints angle
was consisted of trunk, pelvis, hip, knee, and ankle angle. For trunk and pelvis angle
were measure angle between segments and the vertical line of global reference
coordinate system. The hip, knee and ankle angle was measure angle between
longitudinal axes of two segments in sagittal plane (Figure 3.9).The hip joint angle was
defined by the angle between trunk axis and the thigh axis. The knee ankle joint was
defined by the angle between thigh axis and shank axis. The ankle joint angle was
defined by the angle between shank axis and foot axis. The relative angle is usually
used to calculate in clinical situations because it provides a more practical indicator of
joint position and function (49). For sit-to-stand, the joint angular position of trunk,
pelvis, hip, knee, and ankle were measured at the three transition points (TU1, TU2,
and TU3). For stand-to-sit movement, the joint angular position of trunk, pelvis, hip,
knee, and ankle were measured at the TD1 transition point. The joint angular position

was presented in degree (°).

3.10.4 Joint angular velocity

Joint angular velocity or speed is a vector that describes the time rate of change
of angular position. In generally, the angular velocity presents in degree per second
(°/s). For sit-to-stand and stand-to-sit movement, peak flexion angular velocity of trunk

during each movement was calculated.

3.10.5 Joint moment

In children age between 4 and 12 years old, fifteen body segment masses and
radius of gyration that estimated by Jensen’s formula were used (50). For adults age
between 18 and 25 years old were used Winter’s formula of masses and radius gyration
(51). The joint moments were normalized by body weight for each subject and

presented in newton meter per kilogram (N m/kg)
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For sit-to-stand movement, peak moment of hip and knee extension was
measured. Peak ankle joint plantar flexion was measured after the time transitional

point at TU1 was occurred.

For stand-to-sit movement, joint moment was measure at peak moment of hip
and knee joint flexion and peak ankle joint dorsiflexion. There were measured when

the task was occurred until TD1.

3.11 Data analysis

Data analysis was performed with the SPSS version 17.0 software for windows.
The significant level was set at less than 0.05. Descriptive statistic was used to report
participant’s characteristics in each group. All data presented as mean and SD. The
one-way ANOVA was used to compare the demographic data, total time of movement,
times at transition point, joint angular position of trunk and pelvis, and trunk velocity.
For joint moment and joint angular position of hip, knee, and ankle were used two-
way ANOVA to examine main effects and interaction effects; group (four different aged
group) X side (dominant and non-dominant stance leg). Pairwise comparison was
carried out using Bonferroni corrections to compare joint moment and joint angular

position of hip, knee, and ankle.
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CHAPTER 4
RESULTS

4.1 Introduction

This study investigated the kinematic and kinetic patterns of sit-to-stand and
stand-to-sit movement in three-age groups of children and adults by using 3D motion
analysis system. Time of the movement, kinematics variables, trunk angular velocity
and moment were used to describe the different pattern of sit-to-stand and stand-to-

sit movement between age groups.

4.2 Participants

Eighty participants who were recruited in this study were separated into 4
groups based on the following age: (1) children aged 4-6 years (n = 20); (2) children
aged 7-9 years (n = 20); (3) children aged 10-12 years (n = 20); and (4) adults aged 18-
25 years (n = 20). Unfortunately, two participants in group 1, one participant in group
2 and one participant in group 4 had no ground reaction force data which was used to
indicate the phases of movement. Therefore, their kinematic and kinetic data were not
obtained from data processing. Hence, the results of the study came from 18 children
in group 1, 19 children in group 2, 20 children in group 3 and 19 adults in group 4.
Group characteristics including aged, gender, and dominant stance leg was described
in Table 4.1. Most participants showed dominant stance leg on the left side except for
2 participants in group 2 and group 3. The anthropometric data of participants including
weight, height, upper leg length, lower leg length, ASIS width, sitting height, foot length,
foot width, and also bench height were showed in Table 4.2. Most variables significantly

increased with increasing age.



Table 4.1 Characteristics of the participants in this study (n=77)

Group 1 Group 2 Group 3 Group 4
(n=18) (n=19) (n = 20) (n=19)
Age
5.8+0.90 8.56+0.73 11.66£0.70  22.41+198
(Years : Mean + SD)
Gender (Female : Male) 9: 10:9 10: 10 10:9
Dominant leg stance
0:18 1:18 1:19 0:19
(Right : Left)
Abbreviation: SD, standard deviation; n, Number of participants
Table 4.2 Anthropometric characteristics of participants (Mean + SD)
Group 1 Group 2 Group 3 Group 4
(n=18) (n=19) (n = 20) (n=19)
Weight, kg 20.53+3.28  26.50+4.66°  39.47+856"7  56.42+5.367
Height, cm 112.40+7.10  126.95+4.78°  146.01£9.67>°  165.68+6.79°°"
Upper leg length, cm  31.41+2.43  36.35+2.23°  42.90+350°°  48.60+3.43%%"
Lower leg length, cm  25.2542.01  29.15+2.22°  34.38+294°° 38824231
ASIS width, cm 17.75+137  18.12+2.72 21.38+1.90"° 24.08+1.38°%"
Sitting height, cm 70.64+6.87  76.58+5.41°  87.29+4.94°°  98.20+4.02°%
Foot length, cm 16.93+2.82  19.73+1.63°  22.22+1.47°° 24.03+1.45%%"
Foot width, cm 7.90+2.45 8.08+0.49 8.95+0.72 9.67+0.68°%"
bench height, cm 29.42£2.68  34.45+2.03°  40.50+2.87°  45.08+2.67%

Abbreviation: SD, standard deviation; n, Number of participants; kg, kilograms; cm, centimeter

3Significant different between group 1 and group 2 (p < 0.05), "Significant different between group 1 and group 3

(p < 0.05), “Significant different between group 1 and group 4 (p < 0.05), %Significant different between group 2

and group 3 (p < 0.05), ®Significant different between group 2 and group 4 (p < 0.05), ‘Significant different between

group 3 and group 4 (p < 0.05)



4.3 Sit-to-stand and stand-to-sit movement strategies
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Two strategies of sit-to-stand were found in this study including sit-to-stand

with and without moving feet. Sixty-nine out of eighty participants performed sit-to-

stand with moving feet backward. The number of participants who used each strategy

were illustrate in Table 4.3. In this study, stand-to-sit movement was consequently

performed following the two sit-to-stand strategies since all participants were asked to

perform sit-to-stand and then, from that standing position, they were asked to perform

stand-to-sit without resetting the starting position like the distance between the seat

and the feet. Therefore, the kinematic and kinetic patterns of sit-to-stand and stand-

to-sit were evaluated according to the strategies that the participant had used in sit-

to-stand task.

Table 4.3 The number of participants who performed sit-to-stand and stand-to-sit

with and without moving feet strategies in each group.

Group 1 Group 2 Group 3 Group 4
(n =18) (n=19) (n=20) (h=19)
Sit-to-stand
With moving feet: n (%) 13 (72.22%)  15(78.95%) 18 (90%) 19 (100%)
Without moving feet: n (%) 5(27.78%)  4(21.05%) 2 (10%) 0 (0%)
Stand-to-sit
With moving feet: n (%) 13 (72.22%)  15(78.95%) 18 (90%) 19 (100%)
Without moving feet: n (%) 5(27.78%)  4(21.05%) 2 (10%) 0 (0%)

Abbreviation: n, Number of participants; %, percent
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4.4 Kinematic pattern of sit-to-stand movement
4.4.1 Times of sit-to-stand movement

Time of the movement included total movement time and percent of the total
movement time at each transitional point (TU1, TU2, and TU3). TU1 indicated when
abrupt knee joint extension occurring was confirmed by the right grater trochanter
marker moved up from a reference line which formed by two markers placed on seat.
TU2 was the point where the vertical ground reaction forces reached to the maximum
on both force plates. TU3 indicated when shoulders were moved at the highest level.

The results were illustrated in Figure 4.1 and Table 4.4.

For sit-to-stand movement with moving feet backward, One-way ANOVA
analysis revealed that the total time of movement proved significant differences
between groups (p < 0.05). Group 1 and 2 had similar the total movement. Meanwhile,
TU1 and TU2 time spent in Group 1 and 2 were less than in group 3 and group 4 (p <
0.05). Besides, percent of the total movement time at each transitional point (TU1,
TU2, and TU3) showed significant differences between groups (p < 0.05) as shown in
Table 4.4. Group 1 and 2 had similar percent of the total movement time at TU1 and
TU2. Meanwhile, TU1 and TU2 occurred earlier in Group 1 and 2 as compared to group
3 and group 4 (p < 0.05). The total movement time at TU3 in group 1 occurred earlier
than group 4. In contrast, sit-to-stand without feet moving backward, the total time of
movement and percentage of times at transitional point were no significant differences

among groups (p > 0.05).
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M Phase | (TUO -TU1)

M Phase Il (TU1-TU2)
H Phase Ill (TU2 -TU3)
M Phase IV (TU3 -TU4)

18-25 years

7-9 years

4-6 years

0% 20% 40% 60% 80% 100%

Figure 4.1 This graph showed percentage of the movement times in four phases of

sit-to-stand movement.

4.4.2 Joint angle position at each transitional point of sit-to-stand

movement

The joint angle positions of trunk, pelvis, hip, knee, and ankle joints at each
transitional point of sit-to-stand movement were illustrated in Table 4.5, Table 4.8,
Table 4.9, Figure 4.10, Figure 4.11, Figure 4.12, Figure 4.13, and Figure 4.14. In sit-to-
stand with moving feet, the position of the trunk was not significantly different among
groups at TU1 of sit-to-stand movement (p > 0.05). At TU2, the significant differences
among groups were found that group 2 had greater trunk flexion than group 3 had. For
the pelvis position, the significant differences among groups were found at TU1 and

TU2. Group 1 had more anterior pelvic tilt than group 3 and group 4 had (p < 0.05).

For hip, knee, and ankle joint positions, two-way ANOVA analysis demonstrated
that there were group main effects for hip, knee, and ankle joint positions at TU1, TU2
and TU3 (Table 4.6, Figure 4.1, Figure 4.2, and Figure 4.3). However, the side main
effects were found for knee and ankle joint positions at TU1, TU2, but not TU3 (Table
4.6, Figure 4.4, Figure 4.5, and Figure 4.6). Group x side interaction effects were not

found for any parameters.
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At TU1 and TUZ2, post hoc analysis revealed that the position of hip and knee
joints in group 1 and group 2 were significantly less in flexion than group 3 and group
4 (p < 0.05). However, the position of the ankle joint in group 1 and group 2 was

significantly greater in plantarflexion than group 3 and group 4 (p < 0.05).

At TU3, the position of the hip joint in group 1 was greater in extension than
that in group 3 (p = 0.02). The position of the knee joint in group 1 was significantly
less in flexion as compared to group 2 (p = 0.02). The less knee flexion position was
also found in group 2 as compared to group 3 and group 4 (p < 0.05). Furthermore,

the greatest dorsiflexion position of the ankle joint was found in group 4 (p < 0.05).

In sit-to-stand without foot moving, the position of the trunk and pelvis at TU1,
TU2, and TU3 were not found significant differences among groups (p > 0.05). In
addition, two-way ANOVA analysis revealed that there was no significant group and
group x side interaction effects for any parameters (p > 0.05). However, the side main
effects were found for hip joint position at TU3, knee and ankle joint positions at TU1,

TU2 and TU3 (Table 4.7, Figure 4.7, Figure 4.8, and Figure 4.9).

4.4.3 Trunk angular velocities

The maximum trunk angular velocity occurred during the beginning of the
movement, TUO, and TU1 in both patterns of sit-to-stand. The results were illustrated
in Table 4.10 and Figure 4.15. For sit-to-stand with moving feet, the maximum of trunk
angular velocity were significantly different between groups 1 and group 4. In group 1,
the maximum trunk ansgular velocity was the highest as compared to the other groups.
Conversely, in sit-to-stand without feet moving, the maximum trunk angular velocities

were not significantly different among groups (p > 0.05).
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Table 4.5 Trunk and pelvis angle position at each transitional point in sit-to-stand

with and without moving feet pattern

. Joint angle displacement

Group 1 Group 2 Group 3 Group 4
(degrees: Mean+SD)
With moving feet pattern (n=13) (n = 15) (n=18) (n=19)
Trunk
- TUl 35.50+4.03 36.90+8.90 30.53+9.01 31.27+7.55
-TU2 42.54+6.32 43.50+9.94 33.72+10.70° 37.10+8.65
-TU3 71.83+2.89 7.29+4.26 4.59+3.69 5.08+3.07
Pelvis
-TUl 24.57+6.70 23.18+8.84 15.61£10.23°  14.59+7.88°¢
-TU2 31.68+8.92 29.56+8.98 20.83+11.38° 21.48+7.93°
-TU3 18.88+7.63 18.78+5.74 15.30+4.50 15.31+4.96
Without moving feet pattern (n = 5) (n=4) (n=2) (n=0)
Trunk
- TU1 38.76+6.41 44.18+3.53 38.33+1.98
-TU2 45.03+6.29  44.65+20.23 50.07+6.13
-TU3 6.74+2.76 6.35+4.10 5.00+6.93
Pelvis
- TUl 21.91+4.94 24.91+4.17 22.83+10.76
-TU2 2795+2.87  28.27+11.19 34.29+4.34
-TU3 15.36+6.85 11.12+7.51 13.66+15.34

Abbreviation: SD, standard deviation

3Significant different between group 1 and group 3 (p < 0.05) , Significant different between group 1 and group 4

(p < 0.05), “Significant different between group 2 and group 3 (p < 0.05), YSignificant different between group 2
P S Sroup S

and group 4 (p < 0.05)



Table 4.6 F-test and p-value of angle joint position in sit-to-stand with moving feet

pattern.
F P
TU1
- hip
Groups F120 = 13.06 0.00
Sides F122= 0.00 0.97
Groups x Sides Fi122 = 0.01 1.00
- knee
Groups Fiai20 = 29.13 0.00
Sides Foip= 11.46 0.00
Groups x Sides Fii = 0.24 0.89
- ankle
Groups Fa120) = 25.93 0.00
Sides Fi1o= 15.09 0.00
Groups x Sides Fii22 = 0.17 0.92
TU2
- hip
Groups Fi20 = 12.94 0.00
Sides Fu2p=0.01 0.91
Groups x Sides Fii22 = 0.01 1.00
- knee
Groups Fia02 = 15.20 0.00
Sides Foip=11.83 0.00
Groups x Sides Fs.122 = 0.08 0.97
- ankle
Groups F120) = 21.20 0.00
Sides Fuim=19.11 0.00
Groups x Sides Fi.120 = 0.19 0.90




F P
TU3
- hip
Groups Fi122 = 3.10 0.03
Sides Fai= 3.19 0.08
Groups x Sides Fs.122 = 0.02 1.00
- knee
Groups F3120) = 8.186 0.00
Sides Fei 102 = 23.58 0.00
Groups x Sides F.122 = 0.06 0.98
- ankle
Groups F3.120) = 6.05 0.00
Sides Foop= 14.36 0.00
Groups x Sides Fii22 = 1.02 0.39

Table 4.7 F-test and p-value of angle joint position in sit-to-stand without moving

a7

feet
F P
TU1
- hip
Groups Fio1e = 12.20 0.11
Sides Fi16 = 0.00 0.99
Groups x Sides Fioie = 0.01 0.99
- knee
Groups Fioie = 1.83 0.19
Sides Faie= 5.47 0.03
Groups x Sides Fiie = 0.16 0.85
- ankle
Groups Fioie = 4.73 0.02
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F P
Sides Fiig=7.90 0.01
Groups x Sides Foie = 0.07 0.93
TU2
- hip
Groups Foie = 1.49 0.26
Sides Fi16 = 0.00 0.94
Groups x Sides Foie = 0.00 1.00
- knee
Groups Foie = 2.07 0.16
Sides Fiig=1.14 0.30
Groups x Sides Foie = 0.03 0.97
- ankle
Groups Foie = 2.22 0.14
Sides Foig= 9.27 0.01
Groups x Sides Fii1e = 0.02 0.98
TU3
- hip
Groups Foig = 1.11 0.35
Sides Fi16 = 0.52 0.48
Groups x Sides Foie = 0.00 1.00
- knee
Groups Fioig = 1.33 0.29
Sides Fiig= 7.07 0.02
Groups x Sides Fiie = 0.08 0.93
- ankle
Groups Foie = 1.11 0.35
Sides Fuie= 7.66 0.01
Groups x Sides Fi16 = 0.06 0.95
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Figure 4.5 The graph show main side effect of joint angle in sit-to-stand with
moving feet at TU1 as following; A, knee; B, ankle

*  significant different between dominant and non dominant stance leg
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Figure 4.6 The graph show main side effect of joint angle in sit-to-stand with

moving feet at TU2 as following; A, knee; B, ankle

*, significant different between dominant and non dominant stance leg
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Figure 4.8 The graph show main side effect of joint angle in sit-to-stand without

moving feet at TU1 as following; A, knee; B, ankle

¥, significant different between dominant and non dominant stance leg
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Figure 4.9 The graph show main side effect of joint angle in sit-to-stand without

moving feet at TU2 as following; A, ankle

¥, significant different between dominant and non dominant stance leg
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Figure 4.10 The graph show main side effect of joint angle in sit-to-stand

without movine feet at TU3 as following; A, knee; B, ankle

*  significant different between dominant and non dominant stance leg
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Figure 4.11 Mean of trunk angle during sit-to-stand movement with moving feet in

different age groups. (A = TU1, o = TU2, * = TU3)
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Figure 4.12 Mean of pelvis angle during sit-to-stand movement with moving feet

in different age groups. (A = TU1, o = TU2, * = TU3)
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Figure 4.13 Mean of Hip angle during sit-to-stand movement with moving feet in

different age groups. (A = TU1, o = TU2, * = TU3)
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Figure 4.14 Mean of knee angle during sit-to-stand movement with moving feet

in different age groups. (A = TU1, o = TU2, * = TU3)
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Figure 4.15 Mean of knee angle during sit-to-stand movement with moving feet in

different age groups. (A = TU1, o = TU2, * = TU3)
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Figure 4.16 Mean of trunk velocity during sit-to-stand movement with moving

feet in different age groups. (A = TU1, o = TU2, * = TU3)
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Table 4.10 The maximum of trunk angular velocity of sit-to-stand with and without

moving feet (degree/second: Mean+SD).

Group 1 Group 2 Group 3 Group 4
With feet moving 125.45+15.35 117.58+18.76  105.69+22.74  100.90+21.13°
Without feet moving 55.74+7.96 64.07+7.36 48.78+11.37

Abbreviation: SD, standard deviation

“Significant different between group 1 and group 4 (p < 0.05)

4.5 Kinematic pattern of stand-to-sit movement
4.5.1 Times of movement

The time of movement in stand-to-sit movement included total movement
time and percent of the total movement time at each transitional point (TD1) were
illustrated in Figure 4.17 and Table 4.11. TD1 indicated when the buttock contacts on
the bench. For stand-to-sit with feet moving pattern, the total time of movement and
percent time at TD1 were shown no significant differences between groups (p > 0.05).
Moreover, the total time of movement and percent time atTD1 in stand-to-sit without

moving feet showed no significant different between groups (p > 0.05).

] M Phase Il
4-6 years
T T T T T 1
0% 20% 40% 60% 80% 100%

Figure 4.17 This graph showed percentage of the movement times in four phases

of stand-to-sit movement.
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4.5.2 Joint angle position at each transitional point

The results of joint angle position at each transitional of stand-to-sit movement
were illustration in Table 4.12, Table 4.14, Table 4.15, Figure 4.19, Figure 4.20, Figure
4.21, Figure 4.22, and Figure 4.23. Trunk and pelvis angle at TD1 transitional point of
group 2 were shown significant different between group 4 when perform stand-to-sit

with moving feet (p < 0.05) as shown in Table 4.12.

Moreover, two-way ANOVA analysis demonstrated that there were group main
effects for hip, knee, and ankle joint positions at TD1 (Table 4.13 and Figure 4.16).
There were significant different between groups as following: group 1 and group 3;
group 1 and group 4; group 2 and 3; and group 2 and group 4 (p < 0.05). In group 3
and group 4 hip and knee were more flexed than group 1 and group 2. For ankle joint,
group 1 and group 2 were more dorsiflex than group 3 and group 4. Moreover, the side

main effects were found for knee and ankle joint at TD1 (Table 4.13 and Figure 4.17).

In additional, stand-to-sit without moving feet was illustration at Table 4.12 and
Table 4.15. There were no significant differences between group both of trunk and

pelvis angle at TD1.

At TD1, two-way ANOVA analysis demonstrated that there were group main
effects for hip angle displacement (Table 4.13 and Figure 4.18). The result shown, group
3 was significantly different from ¢roup 1 and group 2. However, two-way ANOVA
analysis showed that there was no significant group, side, and group x side interaction

effect for other parameters as shown in Table 4.13.



4.5.3 Trunk angular velocities
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For stand-to-sit movement, the maximum trunk ansular velocity occurred

during the first phase of the movement. The results were illustrated Table 4.16 and

Figure 4.24. For stand-to-sit with moving feet, the significant different among group

were found that group 1 had faster maximum of trunk angular velocity than group 3

and group 4. Moreover, group 2 had faster maximum of trunk angular velocity than

group 4 had. (p < 0.05).

Table 4.11 Times of movement in stand-to-sit with and without moving feet pattern

(Mean+SD).
Group 1 Group 2 Group 3 Group 4
With moving feet pattern (n=13) (n=15) (n=18) (n=19)
- Total time of movement (sec.) 1.81+0.52 1.98+0.40 2.16+0.77 2.01+0.22
- Percent times at TD1 (%) 52.81+14.35  49.92+8.15  51.80+14.27 58.41+6.98
Without moving feet pattern (n=5) (n=4) (n=2) (n=0)
- Total time of movement (sec.) 1.62+0.32 168+0.23 2.18+0.20
- Percent times at TD1 (%) 50.91+13.67 58.63+10.68  49.59+1.53

Abbreviation: n, Number of participants; SD, standard deviation; sec, seconds; %, percent
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Table 4.12 Trunk and pelvis angle position at each transitional in stand-to-sit with

and without moving feet pattern.

Joint angle position

Group 1 Group 2 Group 3 Group 4
(degrees: Mean+SD)
With moving feet pattern (n=13) (n =15) (n=18) (n=19)
Trunk
-TD1 31.69+11.44 37.25+7.17 29.53+12.16 27.35+8.24°
Pelvis
-TD1 20.09+10.74  22.86+8.43 14.91+6.07 14.59+8.39°
Without moving feet pattern (h=5) (h=4) (h=2) (n=0)
Trunk
-TD1 33.74+10.17 34.73+4.35 47.45+8.14
Pelvis
-TD1 18.31+6.43 14.63+2.92 27.03+1.87

Abbreviation: SD, standard deviation

Significant different between group 2 and group 4 (p < 0.05)



Table 4.13 F-test and p-value of angle joint position in stand-to-sit with and without

moving feet

F P
With moving feet
-TD1
- hip
Groups Fa120) = 6.97 0.00
Sides F122= 0.02 0.90
Groups x Sides Fs120 = 0.07 0.98
- knee
Groups Fi20) = 34.44 0.00
Sides Fiip= 835 0.01
Groups x Sides Fe2 = 0.32 0.81
- ankle
Groups Fia122 = 19.28 0.00
Sides Foip=12.19 0.00
Groups x Sides F120 = 0.12 0.95
Without moving feet
-TD1
- hip
Groups Foie = 1.39 0.01
Sides Fr1 16 = 0.02 0.90
Groups x Sides Foie = 0.02 0.98
- knee
Groups Fo1e = 0.72 0.50
Sides Fiig=1.99 0.18
Groups x Sides Fioie = 0.01 0.99
- ankle
Groups Fioie = 1.69 0.22
Sides Fuie= 2.67 0.12
Groups x Sides Foie = 0.15 0.86
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Figure 4.19 The graph show main group effect of hip joint angle in stand-to-sit
movement without moving feet.
*  significant different between group 1 and group 3; **, significant different

between group 2 and group 3.
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Figure 4.20 The graph show main side effect of joint angle in stand-to-sit with

moving feet at TD1 as following; A, knee; B, ankle

*, significant different between dominant and non dominant stance leg
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Figure 4.21 Mean of trunk angle during stand-to-sit movement with moving feet in

different age groups. (o = TD1)
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Figure 4.22 Mean of pelvis angle during stand-to-sit movement with moving feet in

different age groups. (o = TD1)
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Figure 4.23 Mean of hip angle during stand-to-sit movement with moving feet in

different age groups. (o = TD1)
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Figure 4.24 Mean of knee angle during stand-to-sit movement with moving feet in

different age groups. (o = TD1)
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Figure 4.25 Mean of ankle angle during stand-to-sit movement with moving feet in

different age groups. (o = TD1)
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Figure 4.26 Mean of trunk velocity during stand-to-sit movement with moving feet

in different age groups. (o0 = TD1)
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Table 4.16 the maximum of trunk angular velocity of stand-to-sit with and without

moving feet (degree/second: Mean+SD).

Group 1 Group 2 Group 3 Group 4
With feet moving 135.22+28.27 113.73+17.68 97.22+30.38° 88.33+25.51> ¢
Without feet moving 135.79+48.81 131.28+25.25 106.74+18.75

Abbreviation: SD, standard deviation, 3Significant different between group 1 and group 3 (p < 0.05), Significant
different between group 1 and group 4 (p < 0.05), “Significant different between group 2 and group 4 (p < 0.05),

4.6 Kinetic pattern of sit-to-stand movement

For sit-to-stand movement, the peak moments of hip and knee extension and
ankle plantar flexion were measured as shown in Table 4.18 and Table 4.19. In sit-to-
stand with moving feet, the peak hip and knee extension moments occurred between
TU2 and TU3. Then, the peak ankle dorsiflexion occurred between TU3 and TU4. For
sit-to-stand with moving feet, two-way ANOVA analysis demonstrated that there were
group main effects for peak knee extension and ankle dorsiflexion (Table 4.17 and
Figure 4.25). As a result, the peak knee extension moment, in group 1 and group 2
were significantly greater than group 4 (p < 0.05). Beside, group 1 was significant greater
than group 3 (p < 0.05). For the peak ankle dorsiflexion moment, group 1 and group 2
were significantly less than group 3 (p < 0.05). However, two-way ANOVA analysis
shown that there was found sides main effects for only peak ankle moment (Table
4.17 and Figure 4.27). Peak ankle moment was significantly greater in dominant leg

than non-dominant leg.

Furthermore, sit-to-stand without moving feet, two-way ANOVA analysis
demonstrated that there were group main effects of peak knee extension and ankle
plantar flexion (Table 4.17 and Figure 4.26). The peak knee flexion in group 1 and group
2 was significantly greater than groups 3. Moreover, the peak ankle plantar flexion was
significantly different between groups as following: group 1 and group 2; group 1 and
group 3; and group 2 and group 3 (p < 0.05). The peak ankle plantar flexion in group 2

had shown the least among groups. Beside, group 2 was significant less than group 3.
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Moreover, two-way ANOVA analysis demonstrated that sides main effects were found
for only hip and knee maximum moment (Table 4.17 and 4.28). Peak hip and knee

moment were greater in non-dominant leg stance.

Table 4.17 F-test and p-value of maximum joint moment in sit-to-stand with and

without moving feet

F P
With moving feet
- Maximum hip moment
Groups Fiai02) = 2.75 0.05
Sides Faop = 0.37 0.54
Groups x Sides Fs.122 = 0.06 0.98
- Maximum knee moment
Groups F3.120) = 6.08 0.00
Sides Fai22= 0.78 0.38
Groups x Sides Fs122 = 0.08 0.97
- Maximum ankle moment
Groups F120 = 104.26 0.00
Sides Foiop= 1598 0.00
Groups x Sides Fa122 = 0.43 0.73
Without moving feet
- Maximum hip moment
Groups Fo16 = 6.29 0.01
Sides Faie = 4.39 0.05
Groups x Sides Foie = 2.04 0.16
- Maximum knee moment
Groups Foie = 1.44 0.27
Sides Faig= 7.17 0.02
Groups x Sides Fi16 = 0.05 0.96
- Maximum ankle moment
Groups Fo16 = 82.58 0.00
Sides Faig=0.72 0.41

Groups x Sides Foie = 0.07 0.93
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Figure 4.27 The graph show main group effect of joint moment in sit- to-stand

movement with moving feet as following; A, knee; B, ankle

¥, significant different between group 1 and group 4; **, significant different
between group 1 and group 3; *** significant different between group 2 and
group 4; ***significant different between group 3 and group 4; *****_ significant

different between group 1 and group 4
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Figure 4.28 The graph show main group effect of joint moment in sit- to-stand
movement without moving feet as following; A, hip; B, ankle

¥, significant different between group 2 and group 3; **, significant different
between group 1 and group 3; *** significant different between group 1 and

group 2
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Figure 4.29 The graph show main side effect of maximum ankle joint moments

in sit-to-stand with moving feet

*, significant different between dominant and non dominant stance leg
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¥, significant different between dominant and non dominant stance leg
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Table 4.20 The contribution of maximum hip extension, knee extension, and ankle

plantar flexion moments in sit-to-stand movement (%: Mean+SD)

Group 1 Group 2 Group 3 Group 4

(n=13) (n=15) (n=18) (n =19
Hip extension 60.27+6.94 56.87+7.48 43.98+12.03 41.95+6.50
Knee extension 20.63+7.21 26.96+10.16  43.03+14.81 48.40+7.46
Ankle plantarflexion 19.10+£3.41 16.17+£4.63 12.99+4.46 9.64+4.28
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4.7 Kinetic pattern of stand-to-sit movement

For stand-to-sit movement, joint moments consisted of peak moment of hip
and knee joint flexion and peak ankle joint dorsiflexion. These had occurred before
the buttock contact the bench. The results were shown in Table 4.21 and Table 4.22.
In stand-to-sit with moving feet, two-way ANOVA analysis, sroup main effects of peak
knee flexion and ankle dorsiflexion were demonstrated (Table 4.20 and Figure
4.29).The peak knee flexion and ankle dorsiflexion moment had significantly increased
with increasing age group (p < 0.05) as shown in Table 4.21. Moreover, two-way ANOVA
analysis demonstrated that sides main effects were found for hip and knee maximum

moment as illustration Table 4.20 and Figure 4.31.

Moreover, in stand-to-sit without moving feet, two-way ANOVA analysis
demonstrated that there were group main effects of peak moments of knee flexion
and ankle dorsiflexion (Table 4.20 and Figure 4.30). The peak moments of knee flexion
and ankle dorsiflexion in group 3 were significantly more than in group 1 and group 2
(p < 0.05) as illustration in Table 4.21. However, two-way ANOVA analysis demonstrated

that there were no side main effects for any parameter (Table 4.20).



Table 4.21 F-test and p-value

without moving feet

of maximum joint moments in stand-to- sit with and

F P
With moving feet
- Maximum hip moment
Groups F120) = 3.06 0.03
Sides Fai2= 4.99 0.03
Groups x Sides Fei22) = 129 0.28
- Maximum knee moment
Groups F3102 = 81.35 0.00
Sides Fa122= 19.62 0.00
Groups x Sides F.122 = 0.39 0.76
- Maximum ankle moment
Groups Fa120) = 846.03 0.00
Sides Faiop = 2.65 0.11
Groups x Sides Fei22 = 0.34 0.80
Without moving feet
- Maximum hip moment
Groups Fiois = 1.26 0.31
Sides Foig=3.10 0.10
Groups x Sides Foie = 1.09 0.36
- Maximum knee moment
Groups Fo16 = 48.95 0.00
Sides Fuie= 2.36 0.14
Groups x Sides Foie = 1.10 0.36
- Maximum ankle moment
Groups Fioie = 14.43 0.00
Sides Fuie= 097 0.34
Groups x Sides Foie = 0.96 0.41
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Figure 4.31 The graph show main group effect of joint moment in stand-to-sit

movement with moving feet as following; A, knee; B, ankle
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Figure 4.32 The graph show main group effect of joint moment in stand-to-sit

movement without moving feet as following; A, knee; B, ankle
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Figure 4.33 The graph show main side effect of maximum ankle joint moments in

stand-to-sit with movine feet as following: A. hip: B. knee

*, significant different between dominant and non dominant stance leg
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Table 4.24 The contribution of maximum hip extension, knee extension, and ankle

plantar flexion moments in stand-to-sit movement (%: Mean+SD)

Group 1 Group 2 Group 3 Group 4

(n=13) (n=15) (n=18) (n=19)
Hip extension 71.11+£11.74 59.90+11.09 40.44+13.73 38.98+7.63
Knee extension 21.28+9.32 26.54+8.57 43.88+9.91 44.28+6.24

Ankle dorsiflexion 7.61+4.35 13.55+3.22 15.68+5.21 16.74+3.06




CHAPTER 5
DISCUSSION

5.1 Introduction

This chapter presented a study discussing about participant’s characteristic,
pattern of movement, and times of movement, joint angle displacement, trunk
velocity, and joint moment in participants four age group. Furthermore, implication of
study for clinical practice, limitation of this study, and further study suggestion were

presented

5.2 Participants’ characteristics

In this study seventy seven participants were divided into four groups according
to their age: group 1, aged between 4 and 6 years; group 2, aged between 7 and 9
years; group 3, aged between 10 and 12 years; group 4, aged between 18 and 25 years.
The anthropometric characteristics including, weight, height, upper and lower leg
length, sitting height, and foot length were steadily increase with aged. The children
were properly grown with increasing age. In addition, the dominance stance leg was

found most on the left side in every group.

5.3 Synergies pattern of sit-to-stand and stand-to-sit movement

In this study, participants were allowed to perform their preferred sit-to-stand
movement. Sit-to-stand with and without feet moving backward was found among
participants. Sit-to-stand with feet moving was found in older children and all adults.
The numbers of children who performed sit-to-stand without feet moving were high
in the youngest children (group 1).The proportion of the sit-to-stand with and without
feet moving increased when the children grew older. The younger children have more

variable movement and they are in the period of postural control adjustment (36, 37).
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Therefore, patterns of movement were generally in various patterns. In contrast, adults
group had various experience performing movement so they were chosen the simple
pattern. In previous study, to sit-to-stand with feet backward was easier pattern than

sit-to-stand with feet align to knee joint (3, 42).

5.4 Age-related differences in sit-to-stand biomechanics

Although, two patterns of sit-to-stand movements were found in this study, the
number of participants who performed sit-to-stand movements without moving feet
was not enough to prove the kinematic and kinetic pattern of the movement.
Therefore, only the sit-to-stand movement with moving feet was emphasized in this

part of the discussion.

The total time of sit-to-stand with moving feet in children aged 4 to 6 and
children aged 7 to 9 was similar. In addition, both of them performed less time to
accomplish the sit-to-stand task as compared to adults. The result was similar to
previous study illustrating that the children at the age of 5 to 6 years old and 7 to 8
years old spent time to complete each task less than adults did (5, 6). In older children
and adults, they were taller than younger children. Moreover, the proportions of body
segment were differences between children and adults (50). Hence, the whole body
displacement during sit-to-stand in older children and adults were larger than the

younger children.

In this study, the sit-to-stand movement was described as 5 transitional points
(TUO - TU4) and four phases as following: phase |, between TUO (initiation of sit-to-
stand movement) and TU1 (the point at knee joint abruptly extension occurring); phase
I, between TU1 and TU2 (the point at the vertical ground reaction forces); phase Il
between TU2 and TU3 (shoulder move at highest level), phase IV, between TU3 and
TU4 (end of standing up). Overall, the pattern of sit-to-stand movement as considering
from the transitional point was not mature in children as young as 9 years. In children
aged 4 to 9 years, they moved their buttock out of the bench (TU1) and took weight

on their feet as the ground reaction force reached to maximum (TU2) earlier than
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children aged 10 to 12 years and adults did. Although, only the children aged 4 to 6
years were found that they moved their shoulder to the highest level (TU3) earlier
than adults did. The results suggested that children who were older than 9 years

maturely performed sit-to-stand when considering of the total time of movement.

In phase I, the flexion phase, it has required forward trunk movement with the
maximum angular velocity. Then, forward trunk velocity would generate the forward
momentum for preparing to transfer center of mass from siting position to standing
position (7, 8, 20, 25, 52). To accomplish this task, children aged 4 to 9 years moved
more at hip and pelvic, but moved less at their knee and ankle as compared to older
children and adults. Moreover, the trunk angular velocity in younger children was faster
than adults. Since younger children moved feet backward less than the older ones
and adults, the younger children used the strategy of the greater hip flexion and pelvis
anterior tilting with faster trunk angular velocity to efficiently generate the forward
momentum. This result was relevant to the previous study that sit-to-stand with feet
placed align to knee joint, the amplitude of hip flexion and peak hip angular velocity
were increased when compared to sit-to-stand with feet moving backward (28). The
results suggested that younger children used more hip flexion to move upper body

out of the bench.

In phase Il, the base of support are changing from the wide base of support
(buttock and two feet) in sitting to narrow base of support (two feet) in standing (27).
In previous study, during this phase the trunk was flexed and pelvic rotated anteriorly
to generate upper body momentum. The participant’s femur, shank, and feet
remained stationary (20, 26). In this study, during this phase, the hip flexion
continuously increased and reached to maximum at the end of this phase (TU2).
However, knee and ankle angle are not much different to phase I. Similar results from

the passive force from the momentum that occurred in the previous phase.

In phase Ill, an extension phase, all joints of interest are extended to the upright
position (23). In this study, the maximum moment of hip and knee extension occurred.
These patterns were also found in all groups. However, the children age 4 to 9 years

had less knee extension moments than children aged 10 to 12 and adults. Moreover,
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the children age 4 to 9 years were increasing plantar flexion more than children age
10 to 12 and adults. In previous studies, they found that sit-to-stand with excessive
trunk flexion was increased hip extension moment and ankle plantarflexion moment
and decreased knee extension moment (53). In addition, the children age 4 to 9 years
shown greater hip flexion during flexion phase (phase 1) and transitional phase (phase
II) than children age 10 to 12 years and adults did. The children aged 4 to 9 years were
generated more hip flexion to move their mass on to their feet phase | and Phase II.
This made the lever of arm at the knee decreased and the lever of arm at the hip and
the ankle increased. Then, children aged 4 to 9 years used more the maximum
moments at the hip extension and ankle plantar flexion to get their body into the

upright position.

In phase 1V, a stabilization phase was formed. Stabilization began when the
balance was adjust to make the body to stand steady (7, 8). This phase of sit-to-stand
movement required a good postural control to control the center of mass within the
base of support (1, 13, 15). In this study, the children age 4 to 6 years spend more time
to stand steadily. The postural control development in children younger than 7 years
old relied more on visual orientation to control their posture and undeveloped
reweight process of sensory information (36, 37). When they grew up, at about 7 to 10
years old, the reweighting process of visual/somatosensory inputs were also maturing.
After 10 years of age, the inter-modal reweighting process and forward direction of
balance were fully developed (38, 39). Therefore, the children who are younger than
6 years do not developed in postural control. The results suggested that children
younger than 6 years old required certain period of time to adjust position to control

their balance after standing up.
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5.5 Age-related differences in stand-to-sit biomechanics

In this study, stand-to-sit movement was orderly performed after sit-to-stand
movement. Therefore, the stand-to-sit movement with moving feet was used to
expand the pattern of movement in difference aged groups as same as sit-to-stand

movement.

The total time and the percent times at the buttock contact on the bench

(TD1) of stand-to-sit movement were similarly to adults since 4 years of age.

In this study, the stand-to-sit movement was described in 2 phases according
to 3 transitional points: TDO, TD1, and TD2. Phase | was began from TDO (initiation of
stand-to-sit movement) to TD1 (the buttock contact on the bench) and phase Il was

at TD1 and ended at TD2 (ending of stand-to-sit movement).

In phase I, there was a trunk flexion phase. The trunk and knee were increased
in flexion (7, 8). The trunk flexion may contribute to stability control along the anterio-
posterior axis (31). In this study, the children who older than 4 years were flexed trunk
with the same velocity as adults. However, the children aged 4 to 9 years had hip
flexion, knee flexion and dorsiflexion less than adults. The results were shown as same
as previous study that were study in older adults. The older adults used a smaller
trunk flexion stand-to-sit (29). Moreover, the children aged 4 to 9 years showed
maximum knee extension and ankle dorsiflexion moment less than adults. Although,
children aged 10 to 12 years had maximum knee extension and ankle dorsiflexion
moments more than younger children. Their maximum knee extension and ankle

dorsiflexion moments were still less than adults.

In phase Il, there was a trunk extension phase. The base of support is changing
from the narrow base of support (two feet) in standing to wider base of support
(buttock and two feet) in sitting. The trunk was extended after buttock contact the
chair (8, 30, 32). In this study, the children aged 4 to 12 years spent time during this
phase as same as adults. The results suggested that children who younger than 9 years
were not maturely perform stand-to-sit movement considering of the joints angle

movement and the maximum moments that they were used. However, the children
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aged 10 to 12 years were nearly mature to perform stand-to-sit movement. They move

their joints angle as same as adults but the maximum moments also different.

5.6 Implication of study for clinical practice

This study provided the kinematic and kinetic pattern of sit-to-stand-to-sit
movement in typical children. Younger children did not perform the same amount of
joint range of motion, moments, and trunk velocity as compared to older children and
adults. Hence, clinicians should be careful to diagnose children with delayed

development.

This information was useful to help the clinicians to assess and interpret the
sit-to-stand-to-sit capability of the children to see how their performance deviated
from the typical children. Moreover, this information can be used as the supporting
document for clinical decision making for clinicians in order to apply appropriate

treatments in the clinic.

5.7 Limitation of this study

In this study, participants performed sit-to-stand movement with preferred
pattern. Hence, the patterns were divided into moving feet and not moving feet. There
were less of participants performed sit-to-stand and stand-to-sit without moving feet.
Therefore, the patterns of sit-to-stand and stand-to-sit without moving feet were not

described the pattern of movement between aged groups.

Moreover, in this study, participants were sit-to-stand and stand-to-sit with arm
crossing on their chest. Therefore, there was marked that the different of hand free

and arm crossing on their chest during sit-to-stand and stand-to-sit movement.
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5.8 Further study

To know the different pattern in different age group, the procedure would need
to collect two pattern of movement. Furthermore, the movement of center of mass
(COM) should be measured because it may help to expand understanding about the

different in postural control among group.



CHAPTER 6
CONCLUSION

The present study determined the development of sit-to-stand and stand-to-
sit movement in typical children and adults. Four differences age group were recruited
in this study. The results show that two patterns of sit-to-stand movement were found
including sit-to-stand with and without moving feet. The proportion of sit-to-stand with
and without moving feet was increasing with aged. In sit-to-stand with moving feet,
children aged 4 to 9 years spent less time to accomplish the task. They slightly moved
their feet backward and more flexed their hip with faster moving trunk forward to
generate the momentum for driven themselves into upright position with more hip
extension and ankle plantar flexion moments and less knee extension moment. In
stabilization phase, children 4 to 9 years were spend more time to balance themselves
after ending of getting up. For stand-to-sit movement, children aged 4 to 9 years used
less motion of hip flexion, knee flexion and ankle dorsiflexion with less of maximum
knee extension and ankle dorsiflexion moments to lower down their body. These
results suggested that children showed the sit-to-stand and stand-to-sit movement

patterns like adults when they were older than 10years.
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Date of Approval : 21 September 2016 Approval Expire date : 20 September 2017

The approval documents including

1)
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The approved investigator must comply with the following conditions:
7L

ENEES

The research/project activities must end on the approval expired date of the Research Ethics Review
Committee for Research Involving Human Research Participants, Health Sciences Group, Chulalongkorn
University (RECCU). In case the research/project is unable to complete within that date, the project
extension can be applied one month prior to the RECCU approval expired date.

Strictly conduct the research/project activities as written in the proposal.

Using only the documents that bearing the RECCU's seal of approval with the subjects/volunteers (including
subject information sheet, consent form, invitation letter for project/research participation (if available).
Report to the RECCU for any serious adverse events within 5 working days

Report to the RECCU for any change of the research/project activities prior to conduct the activities.

Final report (AF 03-12) and abstract is required for a one year (or less) research/project and report within
30 days after the completion of the research/project. For thesis, abstract is required and report within 30
days after the completion of the research/project.

Annual progress report is needed for a two- year (or more) research/project and submit the progress report
before the expire date of certificate. Afier the completion of the research/project processes as No. 6.
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APPENDIX D
INFORM CONSENT FORM (PARENT)
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APPENDIX E
INFORM CONSENT FORM (ADULT)
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APPENDIX F
SCREENING QUESTIONAIRE FOR CHILDREN

Participant no.
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APPENDIX G
SCREENING QUESTIONAIRE FOR ADULTS

Participant no.
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APPENDIX H

DATA CILLECTION SHEET
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APPENDIX |
THAI CHILDREN’S GROWTH CHART

The Thai children’s growth chart boys aged between 2-7 years old was
developed by Department of Health, the Thai Ministry of Public Health
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The Thai children’s growth chart girls aged between 2-7 years old was
developed by Department of Health, the Thai Ministry of Public Health
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The Thai children’s growth chart boys aged between 5-18 years old was
developed by Department of Health, the Thai Ministry of Public Health
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The Thai children’s growth chart for girls aged between 5-18 years old was
developed by Department of Health, the Thai Ministry of Public Health
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APPENDIX J
SAMPLE SIZE CALCULATION
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The sample size was calculated by G*Power version 3.1.9.2. The calculation

of sample size based on the result from the pilot study. The power (1—B err prob)

was set at 80%. The alpha (err prob) was set at 0.05. The effect size was calculated

from mean of each independent variable. The independent variable of sit-to-stand

and stand-to-sit movement was described as followed:

Table j.1 Sample size of the study in each parameter

Total
Effect
Independent variable sample
size
size
Sit-to-stand movement
- Total time of movement 0.225 36
- The hip joint angular position: the point at
P s = - 11.525 84
maximal hip flexion
- The ankle joint angular position: the point at
6.354 36
maximal ankle dorsiflexion
- The peak hip flexion angular velocity 27.429 80
- The peak hip extension angular velocity 65.568 36
- The peak knee extension angular velocity 53.920 32
- The peak ankle dorsiflexion angular velocity 52.929 40
- The peak ankle plantarflexion angular velocity 46.678 88

Stand-to-sit movement
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Total
Effect
Independent variable sample
size
size
Total time of movement 0.2153 a8
The hip joint angular position: the point at
11.197 120
maximal hip flexion
The ankle joint angular position: the point at
6.874 a0
maximal ankle dorsiflexion
The peak hip flexion angular velocity 46.089 32
The peak hip extension ansular velocity 40.964 92
The peak knee flexion angular velocity 42.156 60
The peak knee extension angular velocity 32.877 56
The peak ankle dorsiflexion angular velocity 16.158 88
The peak ankle plantarflexion angular velocity 29.287 36
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Reliability of Three-dimensional Kinematic Measurement during Sit-to-stand
in Healthy Young Adults and Typical Children
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ABSTRACT

The motion analysis system was a famous system to assess kmematic movement. However, the errors can
influence from variability of people during repeatedly performed movement analysis, placement of markers, and
movement of markers over the skin. Therefore, this study aimed to standardize the motion analysis protocol and
determine the inter- and intra-tester reliability of three dimensional kinematic measurement of sit-to-stand (STS) in
healthy young adults and inter-tester reliability in typical children. A motion analysis system was used to assess
kinematic data of peak hip, knee, and ankle motion during 5T5 movement for analyzing reliability. The mira-class
correlation coefficient (ICC) was calculated the reliability. The result showed that all variables were good reliability
for mter- and intra-tester reliability i both groups. This protocol was feasible analysis of three-dimensional motion of

STS with minimize errors.
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Introduction

Over the years, three-dimensional motion analysis has become the most tools for both research and clinical
assessment to describe kinematics of movement. However, the errors of motion analysis can influence by two main
factors (Hopkins, 2000; Tsushima et al., 2003). The first factor is variability of people during repeatedly performed
movement analysis. The second factor may occur i a part of measurement such as placement of markers across
sessions (intra-tester) and across testers (inter-tester); movement of markers over the skin; and accuracy of motion
analysis system (Hopkins, 2000; Tsushima et al., 2003; Stagni et al., 2005; Benoit et al., 2006; Peters et al., 2010).
The errors caused by the second factor could be mimimized by training the researcher and conducting inter- and intra-
tester reliability test. For several studies, they have been investigated the reliability of kinematic data from three-
dimensional motion analysis in various movements such as walking, running, etc. (Kadaba et al., 1989; Ferber et al.,
2002; Tsushima et al., 2003; Collins et al., 2009).

Previous studies have showed that the movement of markers over the skin was affected by the tasks. The
marker movement was greater in sit-to-stand and stand-to-sit tasks than stair climbing or step up/down movement
(Stagni et al., 2005). Accordingly, for using the motion analysis system in sit-to stand (STS) movement in our further
study, the motion analysis protocol has been developed. Hence, the inter- and intra-tester reliability three dimensional
kinematic measurement should be determined to minimized errors associated with marker placement methods and
procedure before performing the study. Therefore, the purpose of this smdy was to standardize the motion analysis
protocol and determine the inter- and intra-tester reliability of three dimensional kinematic measures of 5TS
movement in healthy young adults. After the reliabilities in healthy young adults were met the good level, the inter-

tester reliability in typical children during STSS movement was further evaluated.

Objectives of the study

To standardize the motion analysis protocol and determine the inter- and intra-tester reliability of three
dimensional kinematic measures of STS movement in healthy young adults.

To standardize the motion analysis protocol and determine the inter-tester reliability of three dimensional

kinematic measures of 5TS movement in typical children.

Methodology

This study was cross-sectional study design. All study protocols were approved by the Ethics Review
Committee for Research Involving Human Research Subjects, Health Science Group, Chulalongkorn University. The
study procedure was fully explained to the participants. Then, the informed consent was obtained from them. All test
in this study were carried out at the Motor Control and Motion Analysis Laboratory, department of Physical therapy,

Faculty of Allied Health Sciences, Chulalongkorn University, Bangkok, Thailand.
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Participants

A convenience sample of ten healthy young adults (5 females and 5 males) and ten typical children (6
females and 4 males) participated in this study (Collins et al., 2009). In young adult participants, Body mass index
(BMI) were normal (< 23 kg/‘ml) (World Health Organization [WHQ], 2000). Their mean age, body weight and body
height were 25.4+3 89 years, 56.03+4.17 kg and 166.75+7.15 cm, respectively. For typical children, their weight and
height were appropriated with aged (Bureau of nutrition, department of health, ministry of public health, 1999). Their
mean age, body weight and body height were 7=1.89 years, 24.57+6.07 kg and 124.21=13.38 cm, respectively. None
of participants had a history of obvious musculoskeletal, neurological or any visual problem which affected ability to

complete the 5T?S task.

Instrument
Motion analysis system (Motion Analysis Crop., Santa Rosa, CA) and Cortex software version 2.6.2 were
used to capture the 5TS movement. The motion analysis consists of eight Raptor E cameras with frame rate at 120 Hz

and speed shutter 1/1000 sec.

Procedures

In healthy adult group, the test composed of 4 sessions with the same protocol conducted by tester 1 and
tester 2, respectively. Both testers were physical therapists and be well trained the whole process of the three
dimensional motion analysis of 5T'5S movement. Participants were required to wear tank top, shorts and swim cap.
Each session started with marker placement. Twenty-nine reflective markers were attached on the body landmark of
each participant by the tester. The positions of all reflective markers were described as Helen Hays marker set model
including top, front and back of the head, bilateral tips of acromion process, bilateral lateral epicondyles of humerus,
bilateral center between styloid process of radms and ulna, right scapular, bilateral anterior superior iliac spines
(ASIS), superior aspect at L5 sacral interface, bilateral thighs, bilateral lateral femoral condyles, bilateral shanks,
bilateral lateral malleoli, bilateral posterior calcaneus, bilateral center of foot between 2% and 3° metatarsals, bilateral
median malleoli and bilateral medial femoral condyles (Orthotrack, 2009).

The participants were required to sit on adjustable height bench with arms crossed and feet shoulder width
apart placed on the floor (Khemlani et al., 1999; Gillette, Stevermer, 2012). The height of bench was set at 100% of
participant’s lower leg length. The seat depth was set at 25% of participant’s thigh length (Khemlani et al., 1999).
Then, the participants were instructed to stand up from the chair with self-selected speed and did not allow to move
their feet. After standing up, participants had to stand still for 5 seconds and then sit down. The three successful trials
were collected. All markers were removed when finishing the data collection. In the 2% session, the tester 2 repeated
the whole process again after thirty minutes breaks within the same day. The 3" and 4" sessions were conducted in an
identical manner for the same participant on the other day within one week.

After the inter- and intra-tester reliability in adult population was achieved a good level, the 1st and 2

sessions were performed again in typical children group by tester 1 and tester 2, respectively.
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Data processing and data analysis

The fourth order Butterworth digital filter at cut of frequency 6 Hz was filtered the kinematic data. The peak
of hip flexion-extension, knee flexion-extension and ankle dorsiflexion-plantarflexion were computed for all further
analyses. Two-way random intra-class correlation coefficient (ICC) was used to evaluate inter-tester reliability. Two-
way mixed intra-class correlation coefficient was used to evaluate intra-tester reliability. The ICC values were
mterpreted as follows: the values less than 0.25 indicated no reliabilify, 0.25-0.50 indicated fair reliability, 0.51-0.75

indicated good reliability, and more than 0.75 indicated high reliability.

Results

The mean and standard deviation (SD) for peak hip, knee, and ankle motion in healthy young adults and
typical children were presented on table 1 and table 3 respectively. For the result of inter-tester reliability in healthy
adults and typical children were presented m table 2 and table 3 respectively. All joint angle motions, the inter-tester

reliability showed that no systemic differences (p > 0.05). The adult group, the ICC , ; values data were between

(23
0.86 and 0.98 as presented in table 2. The typical children group, the ICC , ;) values data were between 0.80 and 0.95
as presented in fable 3.

For the intra-tester reliability, All joint angle motion were showed that no systemic differences (p > 0.05).
The adult group, the tester 1, the ICC ;5 values data were between 0.83 and 0.96. The tester 2, the ICC 53 values

data were between 0.85 and 0.96 as presented in table 2.

Table 1 Mean + 5D of peak hip, knee, and ankle motion in sagittal plane in healthy young adults.

Tester 1 Tester 2
Joint angle motion
Day 1 Day 2 Day 1 Day 2
Peak hip flexion () 82.87+9.50 83.58+0.42 82.9319.10 84.7+8.63
Peak hip extension (7) 6.95+4.75 6.86+5.05 7.23£5.73 8.12+4.74
Peak knee flexion () 82.55+3.66 81.82+3.14 83.18+3.39 83.62+3.67
Peak knee extension () -5.41£2.79 -5.96+3.65 -4.43+3.54 -4.18+3.13
Peak ankle dorsiflexion () 83.58+2.42 83.62+2.29 82.64+2.62 83.8242.93

Peak ankle plantarflexion () 100.48+2.56 100.61+3.37 99.50+2.29 100.73+2.94
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Table 2 Intra-class correlation coefficient of intra-tester reliability and inter-tester reliability in healthy young adults.

Intra-tester reliability Inter-tester reliability
Joint angle motion Tester 1 Tester 2
ICC(2,3) P-value
1CC (33) P-value 1CC (3,3) P-value

Peak hip flexion 0.96 0.535 0.96 0.130 0.98 0.926
Peak hip extension 0.95 0.890 0.94 0.255 0.96 0.686
Peak knee flexion 0.83 0.396 0.85 0.590 0.94 0228
Peak knee extension 0.88 0428 0.95 0.575 0.90 0.111
Peak ankle dorsiflexion 0.85 0.935 0.96 0.070 0.86 0.068
Peak ankle plantarflexion 0.89 0.824 0.94 0.120 0.90 0.051

Table 3 Mean = 5D and Intra-class correlation coefficient of infer-tester reliability in peak hip, knee, and ankle motion in

sagittal plane in typical children.
Typical children Inter-tester reliability
Joint angle motion
Tester 1 (%) Tester 2 (") ICC (2,3) P value

Peak hip flexion 88.19+10.29 88.85+11.51 0.95 0.674
Peak hip extension 9.48+8.32 10.97+6.10 0.30 0.460
Peak knee flexion 78.54+5.04 78.89+4.99 0.88 0.754
Peak knee extension -6.53+8.60 -5.356.30 0.88 0.476
Peak ankle dorsiflexion 88.36+5.57 88.15+5.07 0.85 0.868
Peak ankle plantarflexion 102.68+4.17 102.20=3.54 0.82 0.634

Discussion and Conclusions

The purpose of this study was to standardize the motion analysis protocol and determine the inter- and intra-
tester reliability of three dimensional kinematic measures of STS movement in healthy yvoung adults. Moreover, this
study was determining the inter-tester reliability in typical children during STS movement. From the results of
present study, the inter- and intra-tester reliability of peak hip, knee, and ankle joint motions were good when
measuring m young adult populations. Therefore, this protocol was acceptable for analysis of three dimensional
motion of STS with mimimized errors. Then, we tested the mter-tester reliability in typical children. The results were
good reliability as well. Other investigators have reported similar results during running and walking in adults. Reed
et al. reported good intra-tester reliability in running movement when measuring peak hip, knee, and ankle motions in
sagittal plane (Ferber et al., 2002). In walking movement, Kadaba et al (1989) reported that the intra-tester reliability
were good level of joint angle motion in sagittal plane. In addition, Tsushima et al. (2003) reported good inter- and

intra-tester reliability of joint angle motion in sagittal plane.
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In this study, inter- and intra-tester reliability in healthy young adults were good reliable. Meanwhile, in
typical children, inter-tester reliability was good level as well. Previously, no known study reported the reliability of
STS movement in children and adult population. Since children were different from adults such as the shorter period
of attention, the variability of movement across the trials, and the body anthropometrics (Cahill et al, 1999).
Therefore, a highly trained physical therapist to perform the whole the process of three dimensional motion of 5T5 i
this study could minimize error associated with data collection. This finding supported that the protocol was suitable
for analysis of three dimensional motion of 5TS5 with minimize errors in young healthy adult and typical children
population. In addition, the motion analysis system gives the kinematic information of STS movement. The peak
values of jomt angle motion in sagittal plane were feasible analysis of three-dimensional motion of STS with

minimize errors.
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