
















VII 

 

Conferences ........................................................................................ 140 

Award ................................................................................................. 142 

  



file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777924
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777925
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777926
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777926
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777926
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777927
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777928
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777929
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777930
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777931
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777931
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777932
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777932
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777933
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777933
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777934
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777934
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777935
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777936
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777937
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777937
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777938
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777939
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777940
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777940
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777941


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777942
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777942
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777943
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777944
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777945
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777945
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777946
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777947
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777948
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777948
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777949
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777949
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777949
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777950
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777950
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777951
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777951
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777951
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777952
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777952
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777953
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777953
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777953
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777954
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777954
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777955
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777955


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777956
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777956
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777956
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777957
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777957
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777957
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777958
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777958
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777959
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777959
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777960
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777960
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777961
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777961
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777962
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777962
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777963
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777964
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777964
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777964


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777965
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777965
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777965
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777966
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777966
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777967
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777968
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777968
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777969
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777969
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777970
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777971
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777972
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777973
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777973
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777974
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777975
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777975
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777975
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777976
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777976
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777976
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777976
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777976
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777977
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777977
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777977
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777977


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777977
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777977
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777978
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777978
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777979
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777979
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777979
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777979
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777979
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777979
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777980
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777981
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777982
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777982


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777982
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777982
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777983
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777983
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777983
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777984
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777984
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777984
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777984
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777985
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777985
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777985
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777986
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777986
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777987
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777987
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777988
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777988
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777988
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777988
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777989
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777989
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777990
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777990
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777991
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777991
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777991
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777991


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777992
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777992
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777992
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777992
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777993
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777993
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777993
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777993
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777994
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777994
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777994
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777994
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777995
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777995
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777995
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777996
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777997
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777997
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777998
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777998


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777998
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777998
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777998
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777999
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777999
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777999
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126777999
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778000
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778000
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778000
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778000
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778001
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778001
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778001
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778001
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778002
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778002
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778003
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778003
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778003
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778003
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778003
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778004
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778004
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778004
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778005
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778005


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778005
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778005
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778006
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778006
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778006
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778007
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778007
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778007
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778007
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778007
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778008
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778008
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778008
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778008
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126778008


file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776708
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776709
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776710
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776710
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776710
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776711
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776711
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776712
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776713
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776714
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776715
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776715
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776715
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776716
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776716
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776717
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776717
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776717
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776718
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776718
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776718
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776718
file:///F:/00Study/03paper/202212_Thesis/博論.docx%23_Toc126776719
























12 

 

 

 

 

  

Fig. 1.8 Ligament positions with the anterior view (modified from Kapandji, 1974). 

Fig. 1.9 Ligament positions with the posterior view (modified from Kapandji, 1974). 
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Fig. 1.24 iFuse implant system 

(Miller et al., 2013). 

Fig. 1.22 Anterior fixation. (Left) Model. (Center) X-ray image. (Right) CT scan 

(Murakami et al., 2007a). 

Fig. 1.23 Posterior fixation. 
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Table 2.4 Walking phases. 

Fig. 2.3 (a) The yellow arrows indicate where the joint moments are applied, the red 

arrows indicate where the surface loads are applied, and (b) the blue point indicates where 

the pelvis is fixed (Toyohara et al., 2020). 
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Fig. 2.4 Resultant displacement distribution of pelvis excluding femora (top 2 lines) and 

pelvis surrounding sacroiliac joints (bottom 2 lines) on a representative example 

(Toyohara et al., 2020). 

Fig. 2.5 Change of mean values of maximum resultant displacement in pelvis excluding 

femora (Toyohara et al., 2020). 
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2.3.3 Displacement of sacroiliac joints 

During the stance phase (phases 1, 2, 3), the SIJ cartilage was mainly deformed 

cranially centered on the lower part of the SIJ cartilage and the ilium went away from the 

sacrum on the same part. Meanwhile, during the swing phase (phases 4, 5), the SIJ 

cartilage was mainly deformed caudally centered on the upper part of the SIJ cartilage 

and the ilium went away from the sacrum on the same part (Fig. 2.6). The maximum 

displacement of the SIJ cartilage was approximately 0.3 mm and 0.6 mm during the swing 

and stance phase (phases 1, 2, 3), respectively (Fig. 2.7). 

  

Fig. 2.7 Change of mean values of maximum resultant displacement of right and left SIJs 

(Toyohara et al., 2020). 
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2.3.4 Equivalent stress on sacroiliac joints 

In the cartilage model, equivalent stresses were concentrated in the front of the SIJ 

cartilage throughout all walking phases and increased to approximately 5.8 MPa in the 

upper part of the SIJ cartilage during the stance phase (phases 1, 2, 3) (Fig. 2.8). During 

phase 2, where only a single leg supports the whole-body weight, the equivalent stresses 

increased remarkably to approximately 3.8 x the extent compared to the other walking 

phases and averaged 5.8 MPa (Fig. 2.9). In the swing phase (phases 4, 5), the equivalent 

stress was similar at the lower aspect of the SIJ cartilage compared to the stance phase 

(phases 1, 2, 3) at approximately 1.0 MPa and the maximum values decreased as a whole. 

Regarding the maximum equivalent stress of the right SIJ cartilage, the values at phase 2, 

when the maximum equivalent stress was highest, averaged 41.2 MPa in the bone model, 

i.e., in phase 2 the values of the bone model increased to approximately 700% of the 

cartilage model. 

  

Fig. 2.8 Equivalent stress distribution of right sacroiliac joints (SIJs) on a representative 

example viewed from sacral sides (Toyohara et al., 2020). 
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Fig. 2.10 Comparison of (a) the mean loads and (b) the mean load rates on ligaments of 

the right part of the pelvis between the bone and cartilage model. The loads of ligaments 

are the sum of each ligament, which has 2 to 30 spring components. Here, the loads on 

pubic ligament PL, anterior longitudinal ligament LLA, and posterior longitudinal 

ligament LLP were halved due to their location at the center of the spinopelvic complex 

(Toyohara et al., 2020). 
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Fig. 3.3 Surface models of a sacrum (blue, left) and ilium (red, right). The dark areas 

indicate surface regions. 

Fig. 3.4 Investigation procedure of articular gap height distribution. 
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3.2.3 Joint sliding test 

Preparation of test model 

The SIJ articular surface models were placed on a base (100 mm wide, 100 mm long, 

2 mm depth) (Fig. 3.5). All surface models were 3D printed in ABS resin using a 3D 

printer (da Vinci 1.0 Pro 3D Printer, XYZ printing Inc., Tokyo, Japan). The printed 

models were exposed to acetone in vapor form for one hour to get smooth surfaces (Fig. 

3.6). After drying sufficiently, casts were made with silicon (Elastosilm M8012, Wacker 

Asahikasei Silicone Co., Ltd., Tokyo, Japan) and the articular surface models were 

duplicated with polyester resin (PROST Co.,LTD., Ibaraki, Japan) (Fig. 3.7). 

 

  

Fig. 3.5 Surface models with bases of a sacrum (blue, left) and ilium (red, right). 
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Fig. 3.6 Surface models of ABS resin after acetone vapor process. (Left) A sacrum and 

(right )ilium. 

Fig. 3.7 Surface models of polyester resin. (Left) A sacrum and (right) ilium. 
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Fig. 3.12 Shear coefficients at four displacement points from initial positions (a) on the 

in-vivo conditions and (b) on all conditions. Inf.: inferior, Sup.: superior, Ant.: anterior, 

Post.: posterior. 
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direction perpendicular to the pulling direction was 14 N (to posterior) on the in vivo 

condition, 14 N (to superior) on the nutation condition and 20 N (to superior) on the 

counter-nutation condition.  

Fig. 3.14 Repositioning on the posterior to anterior (1st line), anterior to posterior (2nd 

line), inferior to superior (3rd line) and superior to inferior (4th line) directions. The 

horizontal axes are maximum pulling force in increments of 2N. The vertical axes are 

finnal posision returned 0 N on (a) parallel and (b) perpendicular to pulling directions. 

Inf.: inferior, Sup.: superior, Ant.: anterior, Post.: posterior. 
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Fig. 4.10 Maximum equivalent stress in sacroiliac joints on surgical sides (Toyohara et 

al., 2022b). 

Fig. 4.9 Equivalent stress distribution of the contact surfaces in sacroiliac joints on 

surgical sides (Toyohara et al., 2022b). 
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Thus, posterior acetabular coverage improvement reduced the minimum normal stress (r 

= 0.13 (upper), 0.83 (posterior)) (Fig. 4.14). 

 

Fig. 4.12 Normal stress distribution on the normal direction of the contact surfaces in 

sacroiliac joints on surgical sides (Toyohara et al., 2022b). 

Fig. 4.13 Minimum normal stress in sacroiliac joints on surgical sides (Toyohara et al., 

2022b). 
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Fig. 4.15 Sacrotuberous ligament (ST), sacrospinous ligament (SS), interosseous 

sacroiliac ligament (ISL) and posterior sacroiliac ligament (PSL) loading on the surgical 

sides of all patients (Toyohara et al., 2022b). 
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Fig. 4.16 The scatter plots of reduction of sacrotuberous ligament (ST) and sacrospinous 

ligament (SS) loading on the surgical sides vs. improvement of acetabular head index (a) 

(c) on upper coverage and (b) (d) on posterior coverage (Toyohara et al., 2022b). 
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Fig. 4.17 The scatter plots of increase of interosseous sacroiliac ligament (ISL) and 

posterior sacroiliac ligament (PSL) loading on the surgical sides vs. improvement of 

acetabular head index (a) (c) on upper coverage and (b) (d) on posterior coverage 

(Toyohara et al., 2022b). 
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Fig. 5.8 Scheme of pelvic deformation. The innominate bone was rotated outward by 

using pelvic belts (Toyohara et al., 2022a). 

Fig. 5.7 Horizontal displacement of the innominate bones shown from an anterior (1st 

line) and posterior (2nd line) view. The positive directions are the directions that the 

arrows point to, to right on the models. The scale bar: 100 mm. S: superior, L: left, R: 

right (Toyohara et al., 2022a). 
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5.3.3 Displacement of sacroiliac joints 

When the pelvic belt was applied in the numerical model, the mean total 

displacement of the SIJs decreased by 5% to 11% compared with the control condition 

(Figs. 5.11, 5.12). In particular, it decreased in the front belt (right: - 10%, left: - 9%) and 

the padded belt (right: - 11%, left: - 8%). The decrease in the back belt was lower than 

that in the others (right: - 8%, left: - 5%). 

 

 

  

Fig. 5.10 The comparison of mean minimum principal stress rates for the control 

condition. Right and left mean right and left sacroiliac joints, respectively (Toyohara et 

al., 2022a). 
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Fig. 5.11 Resultant displacement distribution of right (1st line) and left (2nd line) 

sacroiliac joint cartilage shown from left and right, respectively. The very low 

displacement area (blue area) increased with pelvic belts. The scale bar: 40 mm (Toyohara 

et al., 2022a). 

Fig. 5.12 The comparison of mean resultant displacement rates for the control. Right and 

left mean right and left sacroiliac joints, respectively (Toyohara et al., 2022a). 
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