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Abstract

Background and purpose: This review study and meta-analysis aimed at providing evidence on
helmet use and its efficacy on death and various types of head injuries caused by motorcycle crashes in
different countries.

Methods & Materials: Relevant databanks such as PubMed, Scopus, Web of Science, Science
Direct, Embase and some relevant websites were searched for suitable studies. Two authors
independently performed article selection, quality assessment and data extraction. Data analysis was done
in Stata Software V14 applying random effects model.

Results: Overall, 107 studies -with different qualities- were entered into the current systematic
review and 100 studies were entered into our meta-analysis. Total rate of helmet use in motorcycle riders
and occupants were 63% (95%CI: 56-69%) and 41% (95%CI: 33-48), respectively. The studies that
examined the effectiveness of helmet use in reducing head, face and neck injuries, (while controlling the
confounders) showed that wearing helmet could reduce the risk of death by 45% (OR= 0.55, 95%CI:
0.41-0.68) and the risk of head and face injuries by 57% (OR=0.43, 95% CI: 0.36-0.50). But it was found
that helmet may not considerably reduce the risk of neck injury.

Conclusion: In spite of the efficacy of helmet use on reducing the rate of deaths and head injuries
among motorcyclists after a traffic collision, its use is still low and varies in different countries. But, the

findings suggest that more use of helmets can facilitate global efforts to reduce road traffic injuries.
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Rate
Study of helmet se n %
) motorcyclsts (95% CI)  Weight
riders '
LUND (1989) , ® 0% 121
gnma (1995) ' o" gg 1.%1
orrad (1996) 121
Skakidou 1999) . X 024 120
Hung(b) (2006) . 035 121
Hungla) (2008 * ! 025 120
Sreedharan (2008) * ! 03t 120
Li (2008) . ! 032 121
Ledesrma(e) (2008) + ! 040 120
Ackaah (2010) [ 034 12
Zamari-Alvigh 2011) O 033 121
Ambak (2011) * 047 120
Bt (2011) I+ 081 120
Xeequn (2011) . 073(072,0.73 121
Yannis (2012) . 075 121
Nouen(7) (2013) I 028 121
Nouyen(B7) (2013) . 048 121
Suryawongpeisa (2013) [] 121
Jiatarakuipaisam (2013) . 121
Bachen (2013) . 121
Nauen(Y7) (2013) ] 121
Nawen(Y8) (2013) . . 121
Nauen(Y11) (2013) . 121
Naugen(Y9) (2013) ! ] 121
Nguyen(B11) (2013) ! . 121
Nauyen(@6) (2013) ! . 121
Nouen(D9) (2013) ! . 121
Nouen(D11) (2013) ' . 121
Nauyen(09) (2013) ] . 12
lquyen(08) (2013) | . 12
Akeatebala) (2014) . 121
Chiou 2014) | . 121
Fong (2016) * ' 12
Kamdegeyat (2015) - ' 120
Akeatebalb) (2015) -, 120
e [ 121
Ledesra(p) (2015) L. 121
Luven (2015) . 121
Kaky (2015) . 121
Heydar (2016) +* ! 120
Buckey (2016) ! . 121
Tosi(2016) ! . 121
Heméndez(V) (2016) ! . 121
Herdndez()(2016) ! . 121
Wadwaniya (2017) T 12
Bachari(T) (2017) ! 12
Bachni(N) (2017) . 121
Subloal (squared = 100.0%, p= 0.000) < 5665
i
pillons |
LUND (1989) . 119
Giima (1998) . - 120
Corrad (1996) . . 121
Skakidou (1995) - . 120
Hung(b) (2006) . 121
Hung(a) (2008) - ! 120
i (2008) . ! 121
Ackaah (2010) ¢ ! 121
Zamari Alavigh 2011) ! 121
Bratt (2011) - ! 120
Xeequn (2011) C 121
Yannis (2012) * 120
Bachen (2013) . ] 121
Suriyawongpeisa (2013) . i 121
Nouyen(07) (2013) . | 121
Jatarakuipaisam (2013) s 12
Nouen(B7) (2013) ., 121
Nauen(Y7) (2013) ) 12
Nauyen(Y8) (2013) L. 121
Nowen(Y1) (2013) L. 121
Nauen(Y9) (2013) - 121
Nauyen(11) (2013) . 121
Nguyen(DB) (2013) ! . 121
Nguyen(B11) (2013) : . 121
Nouyen(@e) (201 [] 121
Nouyen(09) (2013) ! . 121
Nauen(09) (2013) ! . 121
Akeatebala) (2014) g ' 121
Fong (2015) ] 121
Kauky (2015) . I 121
Ledesma(o) (2015) * 120
Luven (2015) * 120
Tosi (2016) * 120
Bachan(N) (2017) . ' 121
Bachari(T) (2017) . , 12
Wadwaniya (2017) - . 120
Subloal (squared = 100.0%, p= 0.000) < 041 2%
Overall (\squared = 100.0%, p = 0.000) ¢ 053(044,062) 10000
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Study ORof %
D death (95% Cl)  Weight
adjusted .
Rowland (1996) -— 061(038,098) 406
Christian (2003) - 023(0.14,038) 508
Hundley (2004) L. 056(045,070) 506
Nakahara (2005) -~ 026(0.10,062) 432
Sauter (2005) -~ 053(028,100) 368
Keng (2005) + 061(047,079) 490
Crompton(b) (2010) . 075(065,086)  5.13
Crompton(a) (2011) . 063(055,073) 518
Galanis (2016) -~ 036(0.19,063) 457
Carter (2016) +— 054(040,094) 426
Khor (2017) . 083(078,089) 528
Subtotal (+squared = 91.1%, p = 0.000) 3 055(041,068) 5151

)
unadjusted .
Luna (1981) — 057(0.18,153) 207
Heiiman (1982) -~ 032(0.15,065) 438
Bachuli (1988) -— 052(022,124) 281
Diemath (1989) —— 117(043,324) 068
Kelly (1991) -— 022(003,166) 162
Murdock (1991) —— 091(034,242) 112
Offner (1992) — 121(060,244) 136
Wagle (1993) b —— 026(003,248) 107
Ding (1894) — 0.14(002,101) 288
Orsay (1994) —-— 056(027,145) 3.9
Karlson (1994) —-— 069(041,118) 352
Kraus (1995) - 078(051,120) 378
Fledkamp (1997) — 038(008,193) 135
Brandt (2002) ——————— 084(0.17,419) 036
Ichikawa (2003) —_— 065(031,135) 276
Eastidge (2006) . 042(033,053) 515
Goslar (2008) -— 037(0.13,092) 344
Crandon (2009) -— 036(008,169) 164
J0U (2012) . 026(023,029) 531
Subtotal (+squared = 47.8%, p = 0.011) Q 044(033,055) 4849

I
Overall (I-squared = 93.4%, p = 0.000) [ 052(039,064)  100.00
NOTE: Weights are from rando effects analysis :
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Rate

Study ofhelmet use in
D motoreylists (95% CI)  Weight
Very high human development !
Skalidou (1999) L] ! 024 021, 026) 213
LUND (1989) # 098(0.97,09 213
Ledesmalo) (2015) . 0.70 068, 0.72 213
Ledesmaa) 2008) - 040 035, 0.49 211
Tosi(2016) L& 081(080,083 213
Lee 2015) . 049 (048, 0.50) 213
Yannis (2012) i 0.75 (074, 0.6 213
Buckley (2016) . 0.77(0.74,079) 213
Grima (1995) i ® 098097, 098) 213
Subtotal (\-squared = 99.9%, p = 0.000) <<  063(053,08) 1915

)
High human development !
Xuequn (2011) e 073(072,073 213
Li (2008) . 032 (032,033 213
Heméndez(l)(2016) X ® 098(0.97,099) 213
Heméndez(V) (2016) L® 082008108 213
Zamani-Alavigh (2011) . . 033 032,034 213
Heydai (2016) * 033 (029,039 211
Lunnen (2015) . 0.76 0.75, 0.7 213
Chiou (2014) % 089(088,089 213
Suryawongpaisa (2013) . 053 (053,05 213
Jwatanakulpaisam (2013) . 061 (059,062 213
Ambek (2011) . 047 (044,049 212
Subtolal (+squared = 100.0%, p =0.000) <= 062 (049,074 241
Medium human development !
Sreedharan (2008) - ! 031(0.26,037) 211
) o 1 ubwiw s
Akaatebalb) (2015) - | 046 (040,052) 210
Akaatebala) (2014) Ol 046 (045, 047 213
o e tmomow  on
onra I 89 (0.8, 0 :
Fong (2015) . ] 0.16 (0.13,0.18 213
Nguyen(B7) (2013) L 048 (047,048 213
Nguyen(88) (2013) ! ® 0.96(0.95, 097) 213
Nguyen(D9) (2013) ! # 0.98(0.98,098 213
Nauyen(B11) (2013) | ® 094(094,094 213
Nguyen(D9) (2013) . # 0.99(0.99, 0.99) 213
Nguyen(D11) (2013) . # 0.99(0.99, 0.99) 213
Nguyen(D8) (2013) , # 0.99(0.99, 099) 213
Nguyen(D7) (2013) . ' 028(027,028 213
Nauyen(Y9) (2013) i ®  091(091,091 213
Nauyen(Y8) (2013) % 082(081,08) 213
Nguyen(Y11) (2013) I ® 08508508 213
Nguyen(Y7) (2013) . 073 (072,074 213
Hung(a) (2008) . ' 025(021,028 212
Hung(b) (2006) . ! 035 (035,039 213
Subtotal (\-squared = 100.0%, p =0.000) < 064 057,071 482
Low human development X
Bachani(N) (2017) s 037 (037,039 213
Bachani(T) (2017) . 4 0.35 (035, 0.39 213
Bhatt (2011) 061 (0.56, 0,60 211
Kauky (2015) % 082(081,083 213
Kamulegeyat (2015) * ! 019 0.14,023) 212
Subtotal (squared = 100.0%, p =0.000) < 047 (035,058 1062
. |
Overall (-squared = 100.0%, p = 0.000) <> 062 (0.56, 0.69) 100.00

Y
NOTE: Weights ae fro landi)m flcts andly L ;
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Study Adjusted %

D OR(9%%Cl)  Weight
Head |

Romano (1991) - 0.26(0.18,0.39) 4.15
Tsai (1995) 0.26(0.14,0.48) 3.66
Gabella (1995) 0.41(0.21,0.81) 261
Rowland (1996) 0.32(0.21,0.50) 3.86
Christian (2003) 0.23(0.14,0.38) 4.04
Keng (2005) 0.39(0.37,0.40) 4.51
Sauter (2005) 0.43(0.28,0.67) 345

Kanitpong (2008)
Moskal (2008)
Crompton(a) (2010)
Wen-Yu Yu (2011)
Wen-Yu Yu (2011)
Galanis (2016)
Galanis (2016)
Carter (2016)
Bachani(T) (2017)
Kenji Inaba (2017)
Subtotal (I-squared =91.8%, p = 0.000)

-
-
-
P
.
.
. 040(0.37,044) 447
- 041(0.35,049) 434
. 0.35(0.33,0.38) 4.49
[— 0.10(0.02,0.55) 2.88
- 0.22(0.06,0.80) 2.14
* 0.31(0.25,040) 432
- 040(0.31,0.50) 421
-~ 043(0.32,059) 3.93
- 0.47(0.33,069) 3.58
. 049 (0.47,0.50) 451
0 036 (0.32,041) 65.15
-
-
*
0

Facial

Sauter (2005)

Moskal (2008)

Crompton(c) (2012)

Subtotal (I-squared = 52.9%, p = 0.119)

0.34(0.24,0.48) 4.04
0.33(0.27,0.40) 4.37
0.40(0.37,043) 4.48
0.37(0.32,042) 12.90

i
Neck i
Sauter (2005) | —— 0.90 (0.60, 1.30) 2.26
Moskal (2008) L —— 0.96(0.72,1.28) 276
Moskal (2008) ! —+— 1.16(0.81,1.67) 1.81
Crompton(a) (2010) . - 0.78(0.68,0.88) 4.18
Qoi (2011) — 0.05(0.00, 0.60) 2.64
Lam (2015) - 031(0.19,049) 382
Kenji Inaba (2017) ' . 1.02(0.99, 1.05) 4.48
Subtotal (l-squared = 95.5%, p = 0.000) e 0.73(047,099) 21.95
|
Overall (I-squared = 98.3%, p = 0.000) Q 0.44(0.36,0.51) 100.00
NOTE: Weights are from random effects analysjs
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