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 Abstract: 

 Introduction:  Morbidity  and 
 mortality  due  to  motorcycle 
 accidents  are  still  becoming  a  major 
 problem  that  cannot  be  solved.  A 
 common  cause  of  deaths  in 
 motorcycle  road  accidents  is  due  to 
 head,  facial  and  neck  injuries.  One  of 
 the  simple  ways  to  overcome  this 
 problem  is  using  a  helmet,  but  the 
 types  of  helmet  that  confers  the  best 
 protection  is  not  specified.  This 
 review  aimed  to  evaluate  the  best 
 type  of  helmet  in  reducing  mortality 
 and  morbidity  rate  due  to  head-facial 
 and  cervical  trauma.  Material  and 
 Methods:  A  Systematic  review 

 evaluating  the  most  prominent  helm 
 in  conferring  protection  was  carried 
 out  using  PRISMA  statement 
 guidelines.  Studies  search  were  was 
 conducted  using  search  engine 
 ScienceDirect,  ProQuest,  and 
 PUBMED  database  with  criterion 
 papers  published  in  English  between 
 2009  to  2019  and  comparing  full  face, 
 partial  face,  and  open  face  helmet 
 effectivity  in  conferring  protection. 
 Appraisal  tools  of  selected  studies 
 using  Centre  for  Evidence-Based 
 Medicine  (CEBM)  appraisal  tools. 
 Result  and  Discussion  :  From  the 
 search,  1477  studies  were  identified 
 and  finally  obtained  8  studies  that 
 fulfill  the  criterion.  Studies  are 
 organized  according  to  comparison 
 of  a  full-face  helmet  with  partial  face 
 helmet  and  full-face  helmet  with 
 partial  face  helmet.  Studies  show 
 that  a  full-face  helmet  gives 
 significant  protection  against 
 head-facial  and  cervical  injury. 
 However,  because  many  of  the  study 
 criteria  are  not  uniformed,  the  need 
 for  further  study  with  better  quality  is 
 a  must.  Conclusion  :  Full-face 
 helmets  reduce  head-facial  and  neck 
 injuries  better  than  other  helmets  in 
 motorcycle  accidents  thus  reducing 
 the morbidity and mortality rate. 

 Keywords:  head-facial injuries, 
 helmet, motorcycle accidents 
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 Introduction: 

 The  World  Health  Organization 
 stated  that  every  minute,  three 
 people  die  worldwide  due  to  road 
 traffic  accidents.  1  A  Road  traffic 
 accident  has  still  become  unsolved 
 problems  and  it  is  predicated  as  the 
 most  common  cause  of  death  in 
 children  and  young  productive 
 adults  (age  5-29  years)  on  a  trauma 
 basis  thus  causing  a  high  burden  in 
 many  aspects,  especially  in  economic 
 basis.  1  Moreover,  the  rate  of  events, 
 and  also  the  morbidity  and  mortality 
 rates,  keep  increasing  every  year  and 
 it  is  known  that  it  is  three  times 
 higher  in  low-middle  income 
 countries  than  in  high-income 
 countries,  especially  in  Thailand, 
 Malaysia,  and  Indonesia.  1-2  In 
 Indonesia,  the  mortality  rate  due  to 
 road  traffic  accidents  from  2010  until 
 2014  is  increasing  with  motorcycles 
 being  the  most  commonly  used 
 vehicle  in  the  accidents  (627.116  units 
 or  70%  from  all  of  the  vehicles  used).  2 

 These  data  are  supported  by 
 empirical  facts  that  motorcycles  are 
 the  most  commonly  used  vehicles  in 
 many low-middle income countries. 

 From  1990  until  2018,  the  most 
 common  cause  of  deaths  due  to 
 motorcycle  road  accidents  has  not 
 changed.  3  Head  and  neck  injuries 
 were  the  cause  of  death  of  more 
 than  53%  motorcycle  accidents  in  the 

 world  and  recent  reports  from 
 Cochrane  review  also  stating  that 
 craniocerebral,  facial,  and  neck 
 injuries  were  common  too.  3-4  In 
 Indonesia,  Indonesian  Health 
 Department  (DepKes)  stated  that 
 head-cervical  traumas  related  to 
 motorcycle  accidents  were  the  most 
 common  cause  of  death  (74%) 
 followed  by  hip  and  lower  limb 
 traumas  (10%).  2  Based  on  these 
 problems,  factors  which  caused  the 
 high  rate,  morbidity,  and  mortality 
 rate  due  to  road  traffic  accidents, 
 especially  motorcycle-related,  must 
 be evaluated. 

 Referring  to  the  epidemiological 
 triangle  which  is  modified  from 
 Haddon’s  matrix,  three  main  factors 
 are  related  to  each  other  in 
 determining  the  incidence  of  road 
 accidents,  namely  agent  (the 
 human),  host  (vehicle  factor),  and 
 environment  (the  road.  5  In 
 low-middle  income  countries,  and 
 also  supported  by  data  on  Indonesia, 
 undisciplined  behavior  is  the  leading 
 cause  of  the  incidence,  morbidity, 
 and  mortality  rate  increase  in  road 
 accidents  and  the  commonest 
 undisciplined  behavior  that  is  still 
 being  neglected  in  Indonesia  is  the 
 usage  of  helmets.  2-5  One  of  the 
 effective  preventive  strategies  of 
 motorcycle  accident  severity  is  to  use 
 a  helmet  while  riding  a  motorcycle 
 due  to  its  protective  effect  on  death 
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 and  head  injuries  based  on  Cochrane 
 review  with  OR  0.58  and  0.31, 
 respectively.  4 

 Three  common  types  of  the  helmet 
 that  are  currently  approved  by  SNI 
 (Standart  Nasional  Indonesia), 
 namely  full-face,  open  face,  and 
 partial  face  helmet.  But  the  law  in 
 many  countries,  including  Indonesia, 
 is  not  specifying  the  types  of  helmet.  6 

 Whereas  a  case-control  based  review 
 conducted  by  Lam,  et  al  in  Taiwan 
 shows  that  the  types  of  helmet  that 
 are  used  by  the  motorcyclist  does 
 influence  the  outcome  of  the 
 motorcycle  accidents  patients 
 including  the  rate  of  head-facial 
 fracture  and  cervical  spine  injury 
 compared  to  non-helmet  user  (OR  = 
 0.19,  95%  CI  and  OR  =  0.35%,  95%  CI 
 respectively).  7  Based  on  these 
 problems,  we  have  an  initiative  to 
 find  which  helmet  is  the  best  to 
 overcome  the  high  morbidity  and 
 mortality  rate  due  to  motorcycle 
 accidents  with  an  idea  stated  on  a 
 systematic  review.  This  study  aimed 
 to  review  what  is  the  best  helmet 
 type  to  prevent  head  and  cervical 
 injuries  in  motorcycle  accidents  thus 
 could  support  and  determine  the 
 best  helmet  type  that  may  be 
 documented  and  implemented  in 
 the  helmet  law,  especially  in  low 
 middle-income  countries  such  as 
 Indonesia. 

 Material and Methods: 

 A  systematic  review  of  large 
 observational  studies  comparing  the 
 protective  effect  of  full-face,  open 
 face,  and  partial  face  helmet  against 
 head-facial  and  cervical  traumas  in 
 motorcycle  road  accidents  was 
 carried  out  using  the  PRISMA 
 (Preferred  Reporting  Items  for 
 Systematic  Reviews  and 
 Meta-Analyses)  statement  rules.  We 
 searched  works  of  literature 
 published  in  Pubmed,  ScienceDirect, 
 and  ProQuest  databases  with 
 keywords  “motorcycle  accident  (s), 
 helmet,  head  injury  (s),  cervical  injury 
 (s)  and  only  papers  published  in 
 English  from  2009  until  2019  which 
 are  included.  The  eligible  studies 
 were  1)  those  which  are  comparing 
 the  full-face  helmet  with  other  types 
 of  helmet  (open  face,  and  partial 
 face)  on  motorcyclists  who  had  traffic 
 accidents  2)  the  outcomes  of  studies 
 involved  head-facial  and  cervical 
 injuries  (including  spinal  cord 
 injuries).  We  appraised  eight 
 Selected  studies  by  using  the  Centre 
 for  Evidence-Based  Medicine  (CEBM) 
 appraisal  tools.  The  literature 
 selections  were  summarized  in 
 Figure 1  . 
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 Figure 1.  Diagram flow of study search and selection  criteria. 

 Results: 

 From  1477  published  papers  from 
 Pubmed,  ScienceDirect,  and 
 ProQuest  databases,  we  include  1154 
 studies  because  the  other  studies  are 
 not  published  in  English  and 
 published  below  2009.  Of  those,  we 
 finally  include  eight  eligible  and  valid 
 studies  because  of  the  other  studies 
 discussing  other  topics  besides  the 
 comparison  of  full-face,  open  face, 
 and  partial  face  helmet  in  preventing 
 head-facial  and  cervical  injuries, 
 unsuitable  study  design,  studies  not 
 found,  and  study  duplication.  The 
 final  eligible  and  valid  studies  (n=8) 
 then  were  reviewed  here  and  the 
 results were summarized in  Table 1. 

 Full-face  Helmet  Versus  Partial 
 Face Helmet 

 This  systematic  review  is 
 comparing  the  effectiveness  of  the 
 full-face  helmet  and  many  types  of 
 helmet,  one  of  them  is  a  partial  type 
 helmet.  7,8,11,13  There  were  four  studies 
 from  Malaysia,  Taiwan,  and  the 
 United  States  comparing  the  full-face 
 helmet  against  partial-type  helmet. 
 The  output  evaluated  were  head  and 
 neck  injuries  (  Table  1)  .  Overall, 
 wearing  a  full-face  helmet  compared 
 to  a  partial  helmet  could  reduce  the 
 incidences  of  cervical  and  head 
 injuries  by  17%  compared  to  four 
 prior  studies  that  evaluated  here 
 (95%  CI  p-value  <0.001).  And  also,  all 
 of the participants that are included 
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 were  all  of  the  studies  taken  as  a 
 cohort-based  study  with  the  five 
 latest  year  publications  that  were 
 included.  9,10,11,12,14  The  setting  of  the 
 studies  also  varies  from  countries 
 with  many  sets  of  the  event  thus  the 
 validity  of  helm  use  in  preventing 
 motorcycle  accidents  has  better 

 external  validity.  The  weakness  of  the 
 studies  was  conducted  with  few 
 subjects  and  some  studies  that 
 included  in  the  cohort  are  only 
 patients  who  have  been  admitted  to 
 the  hospital  that  cooperate  with  the 
 researcher.  The  summary  can  be 
 evaluated in  Table 3. 

 Table 2.  Summary of comparison of 
 Full-face Helmet Versus Partial Face 
 Helmet on Head-facial and Cervical 
 Trauma on Motorcyclists Who Had 

 Accidents based on This Review. 

 Outcomes 

 Yes  No  Total 

 Full-face 
 helmet 

 626  5042  5668 

 Partial 
 helmet 

 938  4666  5,604 

 Total  1564  9708  5,996 

 Table 3.  Summary of comparison of 
 Full-face Helmet Versus Open Face 
 Helmet on Head-facial and Cervical 
 Trauma on Motorcyclists Who Had 

 Accidents based on This Review. 

 Outcomes 

 Yes  No  Total 

 Full-face 
 helmet 

 759  4060  4819 

 Open 
 face 

 helmet 

 285  595  880 

 Total  1044  4655  5,996 

 Discussion 

 Road  traffic  accidents  until  now  still 
 become  unsolved  problems,  and 
 most  of  the  incidents  are  caused  by 
 motorcycle  accidents,  especially  in 
 low-middle  income  countries 
 worldwide.  1-2  Many  actions  can  be 
 done  to  overcome  the  burden  of 
 these  problems  and  based  on  the 
 current  review,  using  a  helmet  is  one 
 of  the  best  ways  to  reduce  the 

 morbidity  and  mortality  rate  of 
 motorcycle  accidents.  4  Here,  we 
 reviewed  the  best  helm  that  can  be 
 used  to  reduce  the  burden  of 
 motorcycle accidents. 

 This  review  of  large  observational 
 studies  found  that  the  overall 
 full-face  helmet  is  the  most 
 prominent  to  prevent  head  and 
 cervical  injuries  in  motorcycle 
 accidents.  7-14  The  Full-face  helmet 
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 could  ameliorate  the  outcomes  of 
 the  victim  compared  to  other  helmet 
 types  of  helmet  either  in  preventing 
 fracture  or  brain-spinal  cord  injuries. 
 But,  it  does  not  mean  that  the 
 full-face  helmet  did  not  have 
 disadvantages.  Lam,  et  al  stated  that 
 a  full-face  helmet  is  heavier  thus 
 causing  discomfort.  7  The  Full-face 
 helmet  also  reduces  the  eye  view  of 
 the  rider  compared  to  the  other 
 helmet.  The  main  finding  of  this 
 systematic  review  is  that  a  full-face 
 helmet  was  better  than  either  partial 
 or  open  face  helmet  in  preventing 
 head-facial  and  cervical  injuries  of 
 motorcycle  riders  in  an  accident.  The 
 risks  of  head-facial  and  cervical 
 injuries  (including  neurological 
 deficit)  were  lower  by  17%  when 
 compared  with  a  partial-helmet  and 
 24.26%  when  compared  with  an 
 open face helmet.  7-14 

 The  reason  why  a  full-face  helmet 
 could  confer  better  protection, 
 especially  in  head  injuries,  is  that 
 three  causative  factors  determining 
 the  prognosis  of  motorcycle-related 
 accidents  are  helmet  wearing, 
 helmet  fixation  status  and  visor 
 damage.  8  It  is  highlighted  that 
 helmet  fixation  is  a  stronger 
 predictor  in  determining  the  head 
 injury  than  helmet  types.  Usage  of 
 the  full-face  helmet  could  prevent 
 dislodgement  due  to  its  effect  in 
 fixating  the  head  of  the  user.  The 

 problems  arising  from  these  cases 
 are  that  the  removal  of  the  full-face 
 helmet  may  be  harder  and  causes 
 discomfort  due  to  more  heat  and 
 moisture  in  tropical  countries,  such 
 as  Indonesia.  8  Moreover,  it  needs 
 support  from  the  government  in 
 promoting  and  cutting  the  cost  of 
 the  full-face  helmet,  especially  in 
 low-middle  income  countries  to 
 prevent  more  burden  caused  by 
 disability  or  death  due  to  motorcycle 
 accidents. 

 There  were  some  limitations  to  this 
 review.  First,  the  outcome  criterion 
 was  not  uniformed  in  the 
 comparison  between  all  helmets  due 
 to  different  specific  types  of 
 head-facial  and  neck  injuries.  Second, 
 the  eligible  participants  vary  among 
 studies  based  on  inclusion  and 
 exclusion  criteria  and  there  was  still 
 no  study  conducted  in  Indonesia, 
 which  is  one  of  the  main  aims  in  this 
 review implementation. 

 Our  findings  are  in  agreement  and 
 consistent  with  previous  literature 
 comparing  the  protective  effect 
 between  full-face,  partial,  and  open 
 face  helmets  conducted  by  Liu,  et  al 
 in  2008  published  on  Cochrane 
 review.  4  This  systematic  review 
 suggests  that  using  a  full-face 
 helmet  offers  the  best  solutions  to 
 overcome  high  morbidity  and 
 mortality  rate  due  to  head-facial  and 
 cervical  trauma  due  to  its  protective 

 102 



 advantages.  4  By  implementing  the 
 law  of  using  full-face  helmet,  namely 
 in  Indonesia,  we  are  one  step  closer 
 to  achieve  sustainable  development 
 goals  for  road  safety  (SDGs),  namely 
 good  health  and  well-being  by 
 halving  the  number  of  global  deaths 
 and  injuries  from  road  traffic  crashes 
 and  sustainable  cities  and 
 communities  by  providing  access  to 
 safe,  affordable,  accessible,  and 
 sustainable  and  safe  transport 
 system for all.  1 

 Conclusion: 

 In  General,  this  review  concludes  that 
 a  full-face  helmet  reduces  head-facial 
 and  neck  injuries  better  than  other 
 helmets  in  motorcycle  accidents  thus 
 reducing  the  morbidity  and  mortality 
 rate.  Policymakers  may  need  to 
 specify  the  full-face  helmet  as  the 
 recommended  helmet  especially  in 
 low-middle income countries 

 Declarations 

 Ethics  approval  and  consent  to 
 participate 

 Not applicable. 

 Availability of data and material 

 Not applicable. 

 Conflict of interests 

 The  authors  report  no  relationships 
 that  could  be  construed  as  a  conflict 
 of interest. 

 Funding 

 Not applicable. 

 Authors' contributions 

 - 

 103 



 References 
 1.  World  Health  Organization. 

 Global  action  plan  on  physical 
 activity  2018-2030:  more  active 
 people  for  a  healthier  world. 
 World  Health  Organization; 
 2019 Jan 21. 

 2.  Djaja  S,  Widyastuti  R,  Tobing  K, 
 Lasut  D,  Irianto  J.  Situasi 
 Kecelakaan  Lalu  Lintas  Di 
 Indonesia,  Tahun  2010-2014. 
 Jurnal  Ekologi  Kesehatan.  2016 
 Jul 6;15(1):30-42. 

 3.  Faduyile  F,  Emiogun  F,  Soyemi 
 S,  Oyewole  O,  Okeke  U, 
 Williams  O.  Pattern  of  injuries 
 in  fatal  motorcycle  accidents 
 seen  in  Lagos  State  University 
 teaching  hospital:  an 
 autopsy-based  study.  Open 
 access  Macedonian  journal  of 
 medical  sciences.  2017  Apr 
 15;5(2):112. 

 4.  Liu  BC,  Ivers  R,  Norton  R, 
 Boufous  S,  Blows  S,  Lo  SK. 
 Helmets  for  preventing  injury 
 in  motorcycle  riders.  Cochrane 
 database  of  systematic 
 reviews. 2008(1). 

 5.  Goniewicz  K,  Goniewicz  M, 
 Pawłowski  W,  Fiedor  P.  Road 
 accident  rates:  strategies  and 
 programmes  for  improving 
 road  traffic  safety.  European 
 journal  of  trauma  and 
 emergency  surgery.  2016  Aug 
 1;42(4):433-8. 

 6.  Indonesia.  Undang-undang  RI 
 No.  14  Tahun  1992  Tentang 
 Lalu-lintas  dan  Angkutan 
 Jalan. VisiMedia; 2009. 

 7.  Lam  C,  Lin  MR,  Chu  SF,  Tsai  SH, 
 Bai  CH,  Chiu  WT.  The  effect  of 
 various  types  of  motorcycle 
 helmets  on  cervical  spine 
 injury  in  head  injury  patients:  a 
 multicenter  study  in  Taiwan. 
 BioMed  research  international. 
 2015;2015. 

 8.  Ramli  R,  Oxley  J,  Hillard  P, 
 Sadullah  AF,  McClure  R.  The 
 effect  of  motorcycle  helmet 
 type,  components  and  fixation 
 status  on  facial  injury  in  Klang 
 Valley,  Malaysia:  a  case  control 
 study.  BMC  emergency 
 medicine. 2014 Dec;14(1):17. 

 9.  Cini  MA,  Prado  BG,  de  Fragas 
 Hinnig  P,  Fukushima  WY, 
 Adami  F.  Influence  of  type  of 
 helmet  on  facial  trauma  in 
 motorcycle  accidents.  British 
 journal  of  oral  and  maxillofacial 
 surgery.  2014  Nov 
 1;52(9):789-92. 

 10.  Brewer  BL,  Diehl  III  AH, 
 Johnson  LS,  Salomone  JP, 
 Wilson  KL,  Atallah  HY,  Feliciano 
 DV,  Rozycki  GS.  Choice  of 
 motorcycle  helmet  makes  a 
 difference:  a  prospective 
 observational  study.  Journal  of 
 trauma  and  acute  care  surgery. 
 2013 Jul 1;75(1):88-91. 

 104 



 11.  Erhardt  T,  Rice  T,  Troszak  L,  Zhu 
 M.  Motorcycle  helmet  type  and 
 the  risk  of  head  injury  and 
 neck  injury  during  motorcycle 
 collisions  in  California. 
 Accident  Analysis  &  Prevention. 
 2016 Jan 1;86:23-8. 

 12.  Albuquerque  CE,  Arcanjo  FP, 
 Cristino-Filho  G,  Lopes-Filho 
 AM,  de  Almeida  PC,  Prado  R, 
 Pereira-Stabile  CL.  How  safe  is 
 your  motorcycle  helmet?. 
 Journal  of  Oral  and 
 Maxillofacial  Surgery.  2014  Mar 
 1;72(3):542-9. 

 13.  Yu  WY,  Chen  CY,  Chiu  WT,  Lin 
 MR.  Effectiveness  of  different 
 types  of  motorcycle  helmets 
 and  effects  of  their  improper 
 use  on  head  injuries. 
 International  journal  of 
 epidemiology.  2011  Mar 
 9;40(3):794-803. 

 14.  Sung  KM,  Noble  J,  Kim  SC, 
 Jeon  HJ,  Kim  JY,  Do  HH,  Park 
 SO,  Lee  KR,  Baek  KJ.  The 
 preventive  effect  of  head  injury 
 by  helmet  type  in  motorcycle 
 crashes:  a  rural  Korean 
 single-center  observational 
 study.  BioMed  research 
 international. 2016;2016. 

 105 


