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Appendix S2. Search strategies on electronic databases 1 

A detailed search strategy was shown in Appendix S2 as follows: 2 

(1) Search strategy concerning the impacts of smoking and alcohol consumption on fracture healing, surgical site 3 

infection (SSI), and malunion was conducted for the initial search (Appendices S2.1.1a to e), the first updated 4 
search (Appendices S2.1.2a to e), the second updated search (Appendices S2.1.3a to e), and the third updated 5 

search (Appendices S2.1.4a to e). 6 

(2) Search strategy concerning the impacts of preoperative smoking cessation time, nicotine replacement therapy 7 
(NRT), and vaping on fracture healing, SSI, and malunion were conducted for the initial search (Appendices 8 

S2.2.1a to e) and the updated search (Appendices S2.2.2a to e). 9 

(3) Search strategies concerning the impacts of preoperative smoking cessation time, NRT, and vaping on bone 10 
healing were conducted for the initial search (Appendices S2.3.1a to e) and the updated search (Appendices 11 

S2.3.2a to e). 12 

(4) Search strategies concerning the impacts of preoperative smoking cessation time, NRT, and vaping on woun13 
d healing and wound complications were conducted for the initial search (Appendices S2.4.1a to e) and the upd14 
ated search (Appendices S2.4.2a to e). 15 

S2.1. Search strategies for the impacts of smoking and alcohol consumption on fracture healing, s16 
urgical site infection, and malunion 17 

S2.1.1. The first search strategy 18 

S2.1.1a. MEDLINE database (inception of database to October 2nd, 2019) 19 

# Searches Results 

1 exp Smoking/ 142,448 

2 exp "Tobacco Use Disorder"/ 10,822 

3 Nicotine$.ab,ti. 38,488 

4 Cigarette$.ab,ti. 68,089 

5 Smok$.ab,ti. 266,275 

6 tobacco$.ab,ti. 94,768 

7 1 or 2 or 3 or 4 or 5 or 6 367,986 

8 exp Alcohol Drinking/ 66,263 

9 exp Alcoholism/ 73,662 

10 exp Drinking Behavior/ 72,625 

11 (Dr?nk$ adj3 (Behavior$ or Alcohol$)).ab,ti. 22,655 

12 Alcoholism$.ab,ti. 26,529 

13 alcoholic$.ab,ti. 61,238 

14 (alcohol$ adj3 (dependen$ or disorder$ or drink$ or misuse or abuse$ or consumption)).ab,ti. 93,190 

15 8 or 9 or 10 or 11 or 12 or 13 or 14 218,381 

16 7 or 15 547,380 

17 exp Fractures, Bone/ 177,976 

18 Broken Bone$.ab,ti. 268 
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19 Bone Fracture$.ab,ti. 9,706 

20 Spiral Fracture$.ab,ti. 338 

21 Torsion Fracture$.ab,ti. 42 

22 exp Fracture Fixation/ 59,384 

23 Fracture Fixation$.ab,ti. 3,009 

24 Skeletal Fixation$.ab,ti. 522 

25 Fracture Reduction$.ab,ti. 2,262 

26 exp Fracture Healing/ 12,813 

27 (fractur$ adj3 healing).ab,ti. 9,296 

28 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti. 57,940 

29 exp Surgical Wound Infection/ 35,173 

30 Surgical Wound Infection$.ab,ti. 1,270 

31 Surgical Site Infection$.ab,ti. 9,621 

32 Postoperative Wound Infection$.ab,ti. 1,589 

33 (superficial adj2 SSI$).ab,ti. 310 

34 (deep adj2 SSI$).ab,ti. 320 

35 (Organ adj space SSI$).ab,ti. 223 

36 
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 
or 33 or 34 or 35 

276,386 

37 16 and 36 4,614 

38 limit 37 to humans 4,120 

 1 

S2.1.1b. EMBASE database (inception of database to October 2nd, 2019) 2 

No. Query Results 

#38 #37 AND 'human'/de 10,159 

#37 #16 AND #36 11,029 

#36 
#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #2
8 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 

439,010 

#35 (organ NEAR/1 'space ssi*'):ab,ti 435 

#34 (deep NEAR/2 ssi*):ab,ti 557 

#33 (superficial NEAR/2 ssi*):ab,ti 571 

#32 postoperative wound infection*':ab,ti 2,026 

#31 surgical site infection*':ab,ti 14,309 

#30 surgical wound infection*':ab,ti 1,615 

#29 surgical infection'/exp 46,243 

#28 
non?union:ab,ti OR nonunion:ab,ti OR un?united:ab,ti OR ununited:ab,ti OR delayed?union:ab,ti OR 

union:ab,ti OR malunion:ab,ti 
78,271 

#27 (fractur* NEAR/3 healing):ab,ti 11,699 

#26 fracture healing'/exp 48,776 
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#25 fracture reduction*':ab,ti 2,707 

#24 skeletal fixation*':ab,ti 614 

#23 fracture fixation*':ab,ti 3,389 

#22 fracture fixation'/exp 88,416 

#21 torsion fracture*':ab,ti 47 

#20 spiral fracture*':ab,ti 391 

#19 bone fracture*':ab,ti 13,397 

#18 broken bone*':ab,ti 359 

#17 fracture'/exp 310,363 

#16 #7 OR #15 801,490 

#15 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 291,059 

#14 
(alcohol* NEAR/3 (dependen* OR disorder* OR drink* OR misuse OR abuse* OR consumption)):a
b,ti 

132,128 

#13 alcoholic*:ab,ti 93,160 

#12 alcoholism*:ab,ti 38,539 

#11 (dr?nk* NEAR/3 (behavior* OR alcohol*)):ab,ti 31,868 

#10 drinking behavior'/exp 48,683 

#9 alcoholism'/exp 127,760 

#8 drinking behavior'/exp 48,683 

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 494,653 

#6 tobacco*:ab,ti 114,728 

#5 smok*:ab,ti 391,841 

#4 cigarette*:ab,ti 86,692 

#3 nicotine*:ab,ti 48,682 

#2 tobacco dependence'/exp 20,241 

#1 smoking'/exp 376,274 

 1 

S2.1.1c. Cochrane library database (inception of database to October 10th, 2019) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoke] explode all trees 385 

#2 MeSH descriptor: [Tobacco Use Disorder] explode all trees 1,516 

#3 (Nicotine*):ti,ab,kw 6,366 

#4 (Cigarette*):ti,ab,kw 7,739 

#5 (Smok*):ti,ab,kw 34,367 

#6 (tobacco*):ti,ab,kw 8,119 

#7 #1 or #2 or #3 or #4 or #5 or #6 36,995 

#8 MeSH descriptor: [Alcohol Drinking] explode all trees 3,611 

#9 MeSH descriptor: [Alcohols] explode all trees 35,871 
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#10 MeSH descriptor: [Drinking Behavior] explode all trees 3,736 

#11 ((Dr?nk* near/3 (Behavior* or Alcohol*))):ti,ab,kw 6,195 

#12 (Alcoholism*):ti,ab,kw 6,292 

#13 (alcoholic*):ti,ab,kw 6,503 

#14 ((alcohol* near/3 (dependen* or disorder* or drink* or misuse or abuse* or consumption))):ti,ab,kw 13,679 

#15 #8 or #9 or #10 or #11 or #12 or #13 or #14 53,749 

#16 #7 or #15 86,796 

#17 MeSH descriptor: [Fractures, Bone] explode all trees 5,511 

#18 (Broken Bone*):ti,ab,kw 145 

#19 (Bone Fracture*):ti,ab,kw 9,830 

#20 (Spiral Fracture*):ti,ab,kw 48 

#21 (Torsion Fracture*):ti,ab,kw 43 

#22 MeSH descriptor: [Fracture Fixation] explode all trees 1,619 

#23 (Fracture Fixation*):ti,ab,kw 3,473 

#24 (Skeletal Fixation*):ti,ab,kw 156 

#25 (Fracture Reduction*):ti,ab,kw 3,594 

#26 MeSH descriptor: [Fracture Healing] explode all trees 510 

#27 ((fractur* near/3 healing)):ti,ab,kw 1,386 

#28 ((non?union or nonunion or un?united or ununited or delayed?union or union or malunion)):ti,ab,kw 3,127 

#29 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,228 

#30 (Surgical Wound Infection*):ti,ab,kw 6,595 

#31 (Surgical Site Infection*):ti,ab,kw 3,147 

#32 (Postoperative Wound Infection*):ti,ab,kw 5,239 

#33 ((superficial near/2 SSI*)):ti,ab,kw 90 

#34 ((deep near/2 SSI*)):ti,ab,kw 76 

#35 ((Organ near/1 space SSI*)):ti,ab,kw 82 

#36 
#17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #
30 or #31 or #32 or #33 or #34 or #35 

24,406 

#37 #16 and #36 880 

 1 

S2.1.1d. CINAHL database (inception of database to October 10th, 2019) 2 

# Query Results 

S28 S12 AND S27 1,272 

S27 
S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 or 

S26 
39,143 

S26 TI Organ w1 space SSI* or AB Organ w1 space SSI* 78 

S25 TI deep w2 SSI* or AB deep w2 SSI* 126 

S24 TI superficial w2 SSI* or AB superficial w2 SSI* 115 
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S23 TI Postoperative Wound Infection* or AB Postoperative Wound Infection* 270 

S22 TI Surgical Site Infection* or AB Surgical Site Infection*  

S21 TI Surgical Wound Infection* or AB Surgical Wound Infection* 310 

S20 (MM "Surgical Wound Infection") 6,310 

S19 
TI ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) OR 

AB ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) 
17,200 

S18 TI fractur* w3 healing OR AB fractur* w3 healing 1,609 

S17 (MM "Fracture Healing") 1,460 

S16 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* o

r TI Fracture Reduction* or AB Fracture Reduction* 
1,806 

S15 (MH "Fracture Fixation+") 12,432 

S14 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral 
Fracture* or AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 

2,472 

S13 (MM "Carpal Fractures") 95 

S12 S4 or S11 221,951 

S11 S5 or S6 or S7 or S8 or S9 or S10 55,189 

S10 
TI ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) OR A

B ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) 
29,653 

S9 TI ( Dr?nk* w3 (Behavior* or Alcohol*) ) OR AB ( Dr?nk* w3 (Behavior* or Alcohol*) ) 6,175 

S8 TI Alcoholism* or AB Alcoholism* 4,370 

S7 (MH "Drinking Behavior+") 28,839 

S6 (MM "Alcoholism") 10,755 

S5 (MH "Alcohol Drinking+") 27,642 

S4 S1 or S2 or S3 201,263 

S3 
TI Nicotine* OR AB Nicotine* OR TI Cigarette* OR AB Cigarette* OR TI Smok* OR AB Smok*

 OR TI tobacco* OR AB tobacco* 
97,194 

S2 (MH "Substance Use Disorders+") 146,077 

S1 (MH "Smoking+") 63,985 

 1 

S2.1.1e. AMED database via EBSCOhost (inception of database to October 28th, 2019) 2 

# Searches Results 

S27 S10 AND S26 82 

S26 S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 1,478 

S25 TI Organ w1 space SSI* or AB Organ w1 space SSI* 1 

S24 TI Organ w1 space SSI* or AB Organ w1 space SSI* 0 

S23 TI deep w2 SSI* or AB deep w2 SSI* 1 

S22 TI superficial w2 SSI* or AB superficial w2 SSI* 1 

S21 Postoperative Wound Infection* or AB Postoperative Wound Infection* 10 

S20 Surgical Site Infection* or AB Surgical Site Infection* 20 

S19 Surgical Wound Infection* or AB Surgical Wound Infection* 9 
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S18 SU Surgical Wound Infection 8 

S17 
TI non?union or nonunion or un?united or ununited or delayed?union or union or malunion OR A

B non?union or nonunion or un?united or ununited or delayed?union or union or malunion 
1,035 

S16 TI fractur* w3 healing OR AB fractur* w3 healing 145 

S15 SU Fracture Healing 84 

S14 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* 

or TI Fracture Reduction* or AB Fracture Reduction* 
151 

S13 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral

 Fracture* or AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 
159 

S12 SU Fracture Fixation 791 

S11 SU Carpal Fractures 0 

S10 S1 or S2 or S3 or S5 or S6 or S7 or S8 or S9 48,959 

S9 
TI alcohol* w3 dependen* or disorder* or drink* or misuse or abuse* or consumption OR AB al

cohol* w3 dependen* or disorder* or drink* or misuse or abuse* or consumption 
46,456 

S8 TI Dr?nk* w3 Behavior* or Alcohol* OR AB Dr?nk* w3 Behavior* or Alcohol* 2,430 

S7 TI Alcoholism* or AB Alcoholism* 133 

S6 SU Drinking Behavior 58 

S5 SU Alcoholism 449 

S4 SU Alcohol Drinking 244 

S3 
TI Nicotine* OR AB Nicotine* OR TI Cigarette* OR AB Cigarette* OR TI Smok* OR AB Smo

k* OR TI tobacco* OR AB tobacco* 
1,545 

S2 SU Substance Use Disorders 163 

S1 SU smoking  

 1 

S2.1.2. The second search strategy (the first updated search) 2 

S2.1.2a. MEDLINE database (year of 2019 to July 7th, 2020) 3 

# Searches Results 

1 exp Smoking/ 146,898 

2 exp "Tobacco Use Disorder"/ 11,185 

3 Nicotine$.ab,ti. 40,161 

4 Cigarette$.ab,ti. 71,525 

5 Smok$.ab,ti. 279,443 

6 tobacco$.ab,ti. 99,356 

7 1 or 2 or 3 or 4 or 5 or 6 384,957 

8 exp Alcohol Drinking/ 68,851 

9 exp Alcoholism/ 74,920 

10 exp Drinking Behavior/ 75,315 

11 (Dr?nk$ adj3 (Behavior$ or Alcohol$)).ab,ti. 23,781 

12 Alcoholism$.ab,ti. 26,886 

13 alcoholic$.ab,ti. 63,894 
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14 (alcohol$ adj3 (dependen$ or disorder$ or drink$ or misuse or abuse$ or consumption)).ab,ti. 97,889 

15 8 or 9 or 10 or 11 or 12 or 13 or 14 227,022 

16 7 or 15 571,108 

17 exp Fractures, Bone/ 183,577 

18 Broken Bone$.ab,ti. 288 

19 Bone Fracture$.ab,ti. 10,296 

20 Spiral Fracture$.ab,ti. 343 

21 Torsion Fracture$.ab,ti. 42 

22 exp Fracture Fixation/ 61,391 

23 Fracture Fixation$.ab,ti. 3,236 

24 Skeletal Fixation$.ab,ti. 533 

25 Fracture Reduction$.ab,ti. 2,424 

26 exp Fracture Healing/ 13,353 

27 (fractur$ adj3 healing).ab,ti. 9,839 

28 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti. 61,320 

29 exp Surgical Wound Infection/ 36,308 

30 Surgical Wound Infection$.ab,ti. 1,304 

31 Surgical Site Infection$.ab,ti. 10,730 

32 Postoperative Wound Infection$.ab,ti. 1,627 

33 (superficial adj2 SSI$).ab,ti. 350 

34 (deep adj2 SSI$).ab,ti. 359 

35 (Organ adj space SSI$).ab,ti. 248 

36 
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32
 or 33 or 34 or 35 

287,122 

37 16 and 36 4,927 

38 limit 37 to humans 4,372 

39 limit 38 to yr="2019 - 2020" 274 

 1 

S2.1.2b. EMBASE database (year of 2019 to July 9th, 2020) 2 

No. Query Results 

#39 #37 AND 'human'/de AND [2019-2020]/py 1,230 

#38 #37 AND 'human'/de 10,773 

#37 #16 AND #36 11,660 

#36 
#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #2

8 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 
459,247 

#35 (organ NEAR/1 'space ssi*'):ab,ti 494 

#34 (deep NEAR/2 ssi*):ab,ti 613 

#33 (superficial NEAR/2 ssi*):ab,ti 631 
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#32 postoperative wound infection*':ab,ti 2085 

#31 surgical site infection*':ab,ti 15,840 

#30 surgical wound infection*':ab,ti 1,666 

#29 surgical infection'/exp 49,452 

#28 
non?union:ab,ti OR nonunion:ab,ti OR un?united:ab,ti OR ununited:ab,ti OR delayed?union:ab,ti OR 

union:ab,ti OR malunion:ab,ti 
81,831 

#27 (fractur* NEAR/3 healing):ab,ti 12,370 

#26 fracture healing'/exp 51,122 

#25 fracture reduction*':ab,ti 2,903 

#24 skeletal fixation*':ab,ti 628 

#23 fracture fixation*':ab,ti 3,632 

#22 fracture fixation'/exp 91,629 

#21 torsion fracture*':ab,ti 47 

#20 spiral fracture*':ab,ti 397 

#19 bone fracture*':ab,ti 14,168 

#18 broken bone*':ab,ti 380 

#17 fracture'/exp 324,200 

#16 #7 OR #15 838,072 

#15 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 302,502 

#14 
(alcohol* NEAR/3 (dependen* OR disorder* OR drink* OR misuse OR abuse* OR consumption)):a

b,ti 
137,940 

#13 alcoholic*:ab,ti 97,491 

#12 alcoholism*:ab,ti 39,109 

#11 (dr?nk* NEAR/3 (behavior* OR alcohol*)):ab,ti 33,227 

#10 drinking behavior'/exp 50,107 

#9 alcoholism'/exp 130,661 

#8 drinking behavior'/exp 50,107 

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 587,909 

#6 tobacco*:ab,ti 120,232 

#5 smok*:ab,ti 411,994 

#4 cigarette*:ab,ti 90,733 

#3 nicotine*:ab,ti 50,667 

#2 tobacco dependence'/exp 21,177 

#1 smoking'/exp 391,649 

 1 

S2.1.2c. Cochrane library database (year of 2019 to July 9th, 2020) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoke] explode all trees 389 

#2 MeSH descriptor: [Tobacco Use Disorder] explode all trees 1,659 
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#3 (Nicotine*):ti,ab,kw 6,902 

#4 (Cigarette*):ti,ab,kw 8,087 

#5 (Smok*):ti,ab,kw 35,554 

#6 (tobacco*):ti,ab,kw 8,744 

#7 #1 or #2 or #3 or #4 or #5 or #6 38,345 

#8 MeSH descriptor: [Alcohol Drinking] explode all trees 3,778 

#9 MeSH descriptor: [Alcohols] explode all trees 37,334 

#10 MeSH descriptor: [Drinking Behavior] explode all trees 3,911 

#11 ((Dr?nk* near/3 (Behavior* or Alcohol*))):ti,ab,kw 6,624 

#12 (Alcoholism*):ti,ab,kw 6,571 

#13 (alcoholic*):ti,ab,kw 6,897 

#14 ((alcohol* near/3 (dependen* or disorder* or drink* or misuse or abuse* or consumption))):ti,ab,kw 14,293 

#15 #8 or #9 or #10 or #11 or #12 or #13 or #14 55,979 

#16 #7 or #15 90,320 

#17 MeSH descriptor: [Fractures, Bone] explode all trees 5,913 

#18 (Broken Bone*):ti,ab,kw 163 

#19 (Bone Fracture*):ti,ab,kw 10,221 

#20 (Spiral Fracture*):ti,ab,kw 50 

#21 (Torsion Fracture*):ti,ab,kw 44 

#22 MeSH descriptor: [Fracture Fixation] explode all trees 1,689 

#23 (Fracture Fixation*):ti,ab,kw 3,637 

#24 (Skeletal Fixation*):ti,ab,kw 159 

#25 (Fracture Reduction*):ti,ab,kw 3,742 

#26 MeSH descriptor: [Fracture Healing] explode all trees 522 

#27 ((fractur* near/3 healing)):ti,ab,kw 1,422 

#28 ((non?union or nonunion or un?united or ununited or delayed?union or union or malunion)):ti,ab,kw 3,168 

#29 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,372 

#30 (Surgical Wound Infection*):ti,ab,kw 6,892 

#31 (Surgical Site Infection*):ti,ab,kw 3,376 

#32 (Postoperative Wound Infection*):ti,ab,kw 5,404 

#33 ((superficial near/2 SSI*)):ti,ab,kw 101 

#34 ((deep near/2 SSI*)):ti,ab,kw 76 

#35 ((Organ near/1 space SSI*)):ti,ab,kw 80 

#36 
#17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #

30 or #31 or #32 or #33 or #34 or #35 
25,399 

#37 #16 and #36 with Publication Year from 2019 to 2020, in Trials 124 

 1 

S2.1.2d. CINAHL database (year of 2019 to July 8th, 2020) 2 
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# Query Results 

S28 S12 AND S27 (Limiters - Published Date: 20190101-20200731) 179 

S27 
S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 o

r S26 
48,593 

S26 TI Organ w1 space SSI* or AB Organ w1 space SSI* 92 

S25 TI deep w2 SSI* or AB deep w2 SSI* 157 

S24 TI superficial w2 SSI* or AB superficial w2 SSI* 139 

S23 TI Postoperative Wound Infection* or AB Postoperative Wound Infection* 307 

S22 TI Surgical Site Infection* or AB Surgical Site Infection* 5,547 

S21 TI Surgical Wound Infection* or AB Surgical Wound Infection* 352 

S20 (MM "Surgical Wound Infection") 7,317 

S19 
TI ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) O
R AB ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) 

22,293 

S18 TI fractur* w3 healing OR AB fractur* w3 healing 2,016 

S17 (MM "Fracture Healing") 1,735 

S16 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* 
or TI Fracture Reduction* or AB Fracture Reduction* 

2,257 

S15 (MH "Fracture Fixation+") 15,001 

S14 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral 

Fracture* or AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 
3,089 

S13 (MM "Carpal Fractures") 136 

S12 S4 or S11 269,169 

S11 S5 or S6 or S7 or S8 or S9 or S10 67,779 

S10 
TI ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) OR 
AB ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) 

37,601 

S9 TI ( Dr?nk* w3 (Behavior* or Alcohol*) ) OR AB ( Dr?nk* w3 (Behavior* or Alcohol*) ) 7,855 

S8 TI Alcoholism* or AB Alcoholism* 5,596 

S7 (MH "Drinking Behavior+") 34,887 

S6 (MM "Alcoholism") 12,779 

S5 (MH "Alcohol Drinking+") 33,405 

S4 S1 or S2 or S3 243,891 

S3 
TI Nicotine* OR AB Nicotine* OR TI Cigarette* OR AB Cigarette* OR TI Smok* OR AB Smo

k* OR TI tobacco* OR AB tobacco* 
119,053 

S2 (MH "Substance Use Disorders+") 176,155 

S1 (MH "Smoking+") 76,503 

 1 

S2.1.2e. AMED database via Ovid (inception of database to July 10th, 2020) 2 

# Searches Results 

1 exp smoking/ 624 

2 (Nicotine* OR Cigarette* OR Smok* OR tobacco*).ab,ti 1,622 

3 exp Alcohol Drinking/ 249 
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4 exp Alcoholism/ 384 

5 exp Drinking Behavior/ 303 

6 Alcoholism*.ab,ti 137 

7 (Dr?nk* adj3 Behavior* or Behavior* adj3 Dr?nk* or Alcohol*).ab,ti 1,903 

8 
(alcohol* adj3 dependen* or dependen* adj3 alcohol* or disorder* or drink* or misuse or abuse* or

 consumption).ab,ti 
18,874 

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 21,435 

10 exp Fracture Fixation/ 812 

11 (Broken Bone* or Bone Fracture* or Spiral Fracture* or Torsion Fracture*).ab,ti 141 

12 (Fracture Fixation* or Skeletal Fixation* or Fracture Reduction*).ab,ti 152 

13 exp Fracture Healing/ 88 

14 (fractur* adj3 healing or healing adj3 fractur*).ab,ti 204 

15 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti 1,010 

16 Surgical Wound Infection*.ab,ti 1 

17 Surgical Site Infection*.ab,ti 24 

18 Postoperative Wound Infection*.ab,ti 10 

19 (superficial adj2 SSI* or SSI* adj2 superficial).ab,ti 1 

20 (deep adj2 SSI* or SSI* adj2 deep).ab,ti 1 

21 (Organ adj1 space SSI* or space adj1 Organ SSI*).ab,ti 0 

22 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 2,066 

23 9 and 22 98 

 1 

S2.1.3. The third search strategy (the second updated search) 2 

S2.1.3a. MEDLINE database (year of 2020 to October 14th, 2020) 3 

# Searches Results 

1 exp Smoking/ 148,321 

2 exp "Tobacco Use Disorder"/ 11,297 

3 Nicotine$.ab,ti. 42,140 

4 Cigarette$.ab,ti. 75,518 

5 Smok$.ab,ti. 297,163 

6 tobacco$.ab,ti. 105,720 

7 1 or 2 or 3 or 4 or 5 or 6 407,028 

8 exp Alcohol Drinking/ 69,599 

9 exp Alcoholism/ 75,326 

10 exp Drinking Behavior/ 76,111 

11 (Dr?nk$ adj3 (Behavior$ or Alcohol$)).ab,ti. 25,042 

12 Alcoholism$.ab,ti. 27,547 

13 alcoholic$.ab,ti. 68,264 
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14 (alcohol$ adj3 (dependen$ or disorder$ or drink$ or misuse or abuse$ or consumption)).ab,ti. 103,534 

15 8 or 9 or 10 or 11 or 12 or 13 or 14 237,382 

16 7 or 15 601,585 

17 exp Fractures, Bone/ 185,240 

18 Broken Bone$.ab,ti. 316 

19 Bone Fracture$.ab,ti. 11,318 

20 Spiral Fracture$.ab,ti. 359 

21 Torsion Fracture$.ab,ti. 42 

22 exp Fracture Fixation/ 61,987 

23 Fracture Fixation$.ab,ti. 3,625 

24 Skeletal Fixation$.ab,ti. 545 

25 Fracture Reduction$.ab,ti. 2,701 

26 exp Fracture Healing/ 13,470 

27 (fractur$ adj3 healing).ab,ti. 10,579 

28 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti. 66,703 

29 exp Surgical Wound Infection/ 36,654 

30 Surgical Wound Infection$.ab,ti. 1,356 

31 Surgical Site Infection$.ab,ti. 12,043 

32 Postoperative Wound Infection$.ab,ti. 1,699 

33 (superficial adj2 SSI$).ab,ti. 387 

34 (deep adj2 SSI$).ab,ti. 401 

35 (Organ adj space SSI$).ab,ti. 274 

36 
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 
or 33 or 34 or 35 

297,283 

37 16 and 36 5,219 

38 limit 37 to humans 4,441 

39 limit 38 to yr="2020 -Current" 66 

 1 

S2.1.3b. EMBASE database (year of 2020 to October 14th, 2020) 2 

No. Query Results 

#39 #37 AND 'human'/de AND [2020-2020]/py 631 

#38 #37 AND 'human'/de 11,063 

#37 #16 AND #36 11,957 

#36 
#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #2

8 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 
467,895 

#35 (organ NEAR/1 'space ssi*'):ab,ti 522 

#34 (deep NEAR/2 ssi*):ab,ti 645 

#33 (superficial NEAR/2 ssi*):ab,ti 659 

#32 postoperative wound infection*':ab,ti 2,102 

#31 surgical site infection*':ab,ti 16,487 

#30 surgical wound infection*':ab,ti 1,688 

#29 surgical infection'/exp 50,825 

#28 
non?union:ab,ti OR nonunion:ab,ti OR un?united:ab,ti OR ununited:ab,ti OR delayed?union:ab,ti OR 

union:ab,ti OR malunion:ab,ti 
83,572 
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#27 (fractur* NEAR/3 healing):ab,ti 12,617 

#26 fracture healing'/exp 52,164 

#25 fracture reduction*':ab,ti 2,984 

#24 skeletal fixation*':ab,ti 637 

#23 fracture fixation*':ab,ti 3,731 

#22 fracture fixation'/exp 93,152 

#21 torsion fracture*':ab,ti 47 

#20 spiral fracture*':ab,ti 405 

#19 bone fracture*':ab,ti 14,469 

#18 broken bone*':ab,ti 390 

#17 fracture'/exp 329,923 

#16 #7 OR #15 852,882 

#15 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 307,277 

#14 
(alcohol* NEAR/3 (dependen* OR disorder* OR drink* OR misuse OR abuse* OR consumption)):a
b,ti 

140,628 

#13 alcoholic*:ab,ti 99,078 

#12 alcoholism*:ab,ti 39,317 

#11 (dr?nk* NEAR/3 (behavior* OR alcohol*)):ab,ti 33,928 

#10 drinking behavior'/exp 50,755 

#9 alcoholism'/exp 131,964 

#8 drinking behavior'/exp 50,755 

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 598,937 

#6 tobacco*:ab,ti 122,564 

#5 smok*:ab,ti 419,722 

#4 cigarette*:ab,ti 92,460 

#3 nicotine*:ab,ti 51,454 

#2 tobacco dependence'/exp 21,484 

#1 smoking'/exp 397,892 

 1 

S2.1.3c. Cochrane library database (year of 2020 to October 14th, 2020) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoke] explode all trees 394 

#2 MeSH descriptor: [Tobacco Use Disorder] explode all trees 1,676 

#3 (Nicotine*):ti,ab,kw 6,980 

#4 (Cigarette*):ti,ab,kw 8,216 

#5 (Smok*):ti,ab,kw 36,008 

#6 (tobacco*):ti,ab,kw 8,912 

#7 #1 or #2 or #3 or #4 or #5 or #6 38,845 

#8 MeSH descriptor: [Alcohol Drinking] explode all trees 3,833 

#9 MeSH descriptor: [Alcohols] explode all trees 37,500 

#10 MeSH descriptor: [Drinking Behavior] explode all trees 3,967 

#11 ((Dr?nk* near/3 (Behavior* or Alcohol*))):ti,ab,kw 6,660 

#12 (Alcoholism*):ti,ab,kw 6,677 

#13 (alcoholic*):ti,ab,kw 7,034 

#14 ((alcohol* near/3 (dependen* or disorder* or drink* or misuse or abuse* or consumption))):ti,ab,kw 14,512 
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#15 #8 or #9 or #10 or #11 or #12 or #13 or #14 56,467 

#16 #7 or #15 91,303 

#17 MeSH descriptor: [Fractures, Bone] explode all trees 6,024 

#18 (Broken Bone*):ti,ab,kw 167 

#19 (Bone Fracture*):ti,ab,kw 10,386 

#20 (Spiral Fracture*):ti,ab,kw 50 

#21 (Torsion Fracture*):ti,ab,kw 46 

#22 MeSH descriptor: [Fracture Fixation] explode all trees 1,720 

#23 (Fracture Fixation*):ti,ab,kw 3,725 

#24 (Skeletal Fixation*):ti,ab,kw 165 

#25 (Fracture Reduction*):ti,ab,kw 3,833 

#26 MeSH descriptor: [Fracture Healing] explode all trees 529 

#27 ((fractur* near/3 healing)):ti,ab,kw 1,452 

#28 ((non?union or nonunion or un?united or ununited or delayed?union or union or malunion)):ti,ab,kw 3,245 

#29 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,403 

#30 (Surgical Wound Infection*):ti,ab,kw 6,970 

#31 (Surgical Site Infection*):ti,ab,kw 3,449 

#32 (Postoperative Wound Infection*):ti,ab,kw 5,473 

#33 ((superficial near/2 SSI*)):ti,ab,kw 105 

#34 ((deep near/2 SSI*)):ti,ab,kw 79 

#35 ((Organ near/1 space SSI*)):ti,ab,kw 83 

#36 
#17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #

30 or #31 or #32 or #33 or #34 or #35 
25,856 

#37 #16 and #36 with Publication Year from 2020 to 2020, in Trials 32 

 1 

S2.1.3d. CINAHL database (year of 2020 to October 14th, 2020) 2 

# Query Results 

S28 S12 AND S27 (Limiters - Published Date: 20200101-20201031) 102 

S27 
S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 

or S26 
46,735 

S26 TI Organ w1 space SSI* or AB Organ w1 space SSI* 96 

S25 TI deep w2 SSI* or AB deep w2 SSI* 149 

S24 TI superficial w2 SSI* or AB superficial w2 SSI* 141 

S23 TI Postoperative Wound Infection* or AB Postoperative Wound Infection* 306 

S22 TI Surgical Site Infection* or AB Surgical Site Infection* 5,397 

S21 TI Surgical Wound Infection* or AB Surgical Wound Infection* 343 

S20 (MM "Surgical Wound Infection") 7,127 

S19 
TI ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) O
R AB ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion

 ) 

21,329 

S18 TI fractur* w3 healing OR AB fractur* w3 healing 1,946 

S17 (MM "Fracture Healing") 1,719 

S16 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* 

or TI Fracture Reduction* or AB Fracture Reduction* 
2,165 

S15 (MH "Fracture Fixation+") 14,785 
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S14 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral

 Fracture* or AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 
2,624 

S13 (MM "Carpal Fractures") 111 

S12 S4 or S11 254,671 

S11 S5 or S6 or S7 or S8 or S9 or S10 63,107 

S10 
TI ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) OR 

AB ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) 
34,567 

S9 TI ( Dr?nk* w3 (Behavior* or Alcohol*) ) OR AB ( Dr?nk* w3 (Behavior* or Alcohol*) ) 7,150 

S8 TI Alcoholism* or AB Alcoholism* 5,197 

S7 (MH "Drinking Behavior+") 32,700 

S6 (MM "Alcoholism") 12,049 

S5 (MH "Alcohol Drinking+") 31,305 

S4 S1 or S2 or S3 230,971 

S3 
TI Nicotine* OR AB Nicotine* OR TI Cigarette* OR AB Cigarette* OR TI Smok* OR AB Smo

k* OR TI tobacco* OR AB tobacco* 
113,269 

S2 (MH "Substance Use Disorders+") 165,804 

S1 (MH "Smoking+") 72,299 

 1 

S2.1.3e. AMED database (year of 2020 to October 14th, 2020) 2 

# Searches Results 

1 exp smoking/ 629 

2 (Nicotine* OR Cigarette* OR Smok* OR tobacco*).ab,ti 1,636 

3 exp Alcohol Drinking/ 249 

4 exp Alcoholism/ 388 

5 exp Drinking Behavior/ 303 

6 Alcoholism*.ab,ti 138 

7 (Dr?nk* adj3 Behavior* or Behavior* adj3 Dr?nk* or Alcohol*).ab,ti 1,927 

8 
(alcohol* adj3 dependen* or dependen* adj3 alcohol* or disorder* or drink* or misuse or abuse* or
 consumption).ab,ti 

19,152 

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 21,739 

10 exp Fracture Fixation/ 823 

11 (Broken Bone* or Bone Fracture* or Spiral Fracture* or Torsion Fracture*).ab,ti 143 

12 (Fracture Fixation* or Skeletal Fixation* or Fracture Reduction*).ab,ti 154 

13 exp Fracture Healing/ 91 

14 (fractur* adj3 healing or healing adj3 fractur*).ab,ti 210 

15 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti 1,023 

16 Surgical Wound Infection*.ab,ti 1 

17 Surgical Site Infection*.ab,ti 26 

18 Postoperative Wound Infection*.ab,ti 10 

19 (superficial adj2 SSI* or SSI* adj2 superficial).ab,ti 1 

20 (deep adj2 SSI* or SSI* adj2 deep).ab,ti 1 

21 (Organ adj1 space SSI* or space adj1 Organ SSI*).ab,ti 0 

22 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 2,091 

23 9 and 22 99 
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24 limit 23 to yr="2020-Current" 4 

 1 

S2.1.4. The fourth search strategy (the third updated search) 2 

S2.1.4a. MEDLINE database (year of 2020 to August 7th, 2021) 3 

# Searches Results 

1 exp Smoking/ 153,370 

2 exp "Tobacco Use Disorder"/ 11,673 

3 Nicotine$.ab,ti. 42,408 

4 Cigarette$.ab,ti. 75,838 

5 Smok$.ab,ti. 298,115 

6 tobacco$.ab,ti. 105,698 

7 1 or 2 or 3 or 4 or 5 or 6 408,689 

8 exp Alcohol Drinking/ 72,471 

9 exp Alcoholism/ 76,808 

10 exp Drinking Behavior/ 79,116 

11 (Dr?nk$ adj3 (Behavior$ or Alcohol$)).ab,ti. 25,315 

12 Alcoholism$.ab,ti. 27,309 

13 alcoholic$.ab,ti. 68,005 

14 (alcohol$ adj3 (dependen$ or disorder$ or drink$ or misuse or abuse$ or consumption)).ab,ti. 104,318 

15 8 or 9 or 10 or 11 or 12 or 13 or 14 239,073 

16 7 or 15 604,414 

17 exp Fractures, Bone/ 192,917 

18 Broken Bone$.ab,ti. 312 

19 Bone Fracture$.ab,ti. 11,164 

20 Spiral Fracture$.ab,ti. 358 

21 Torsion Fracture$.ab,ti. 43 

22 exp Fracture Fixation/ 64,931 

23 Fracture Fixation$.ab,ti. 3,598 

24 Skeletal Fixation$.ab,ti. 553 

25 Fracture Reduction$.ab,ti. 2,686 

26 exp Fracture Healing/ 14,083 

27 (fractur$ adj3 healing).ab,ti. 10,561 

28 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti. 66,632 

29 exp Surgical Wound Infection/ 37,954 

30 Surgical Wound Infection$.ab,ti. 1,345 

31 Surgical Site Infection$.ab,ti. 12,338 
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32 Postoperative Wound Infection$.ab,ti. 1,681 

33 (superficial adj2 SSI$).ab,ti. 400 

34 (deep adj2 SSI$).ab,ti. 427 

35 (Organ adj space SSI$).ab,ti. 280 

36 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 303,900 

37 16 and 36 5,361 

38 limit 37 to humans 4,769 

39 limit 38 to yr="2020 -Current" 378 

 1 

S2.1.4b. EMBASE database (year of 2020 to August 7th, 2021) 2 

No. Query Results 

#39 #37 AND 'human'/de AND [2020-2021]/py 1,499 

#38 #37 AND 'human'/de 12,040 

#37 #16 AND #36 12,948 

#36 
#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #3
0 OR #31 OR #32 OR #33 OR #34 OR #35 

494,723 

#35 (organ NEAR/1 'space ssi*'):ab,ti 566 

#34 (deep NEAR/2 ssi*):ab,ti 709 

#33 (superficial NEAR/2 ssi*):ab,ti 727 

#32 postoperative wound infection*':ab,ti 2,167 

#31 surgical site infection*':ab,ti 18,307 

#30 surgical wound infection*':ab,ti 1,740 

#29 surgical infection'/exp 54,736 

#28 
non?union:ab,ti OR nonunion:ab,ti OR un?united:ab,ti OR ununited:ab,ti OR delayed?union:ab,ti OR union:ab,t

i OR malunion:ab,ti 
88,415 

#27 (fractur* NEAR/3 healing):ab,ti 13,399 

#26 fracture healing'/exp 55,249 

#25 fracture reduction*':ab,ti 3,209 

#24 skeletal fixation*':ab,ti 656 

#23 fracture fixation*':ab,ti 4,059 

#22 fracture fixation'/exp 97,671 

#21 torsion fracture*':ab,ti 49 

#20 spiral fracture*':ab,ti 420 

#19 bone fracture*':ab,ti 15,462 

#18 broken bone*':ab,ti 416 

#17 fracture'/exp 348,494 

#16 #7 OR #15 900,052 

#15 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 322,140 

#14 (alcohol* NEAR/3 (dependen* OR disorder* OR drink* OR misuse OR abuse* OR consumption)):ab,ti 148,372 
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#13 alcoholic*:ab,ti 104,532 

#12 alcoholism*:ab,ti 39,870 

#11 (dr?nk* NEAR/3 (behavior* OR alcohol*)):ab,ti 35,820 

#10 drinking behavior'/exp 52,818 

#9 alcoholism'/exp 135,601 

#8 drinking behavior'/exp 52,818 

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 634,513 

#6 tobacco*:ab,ti 129,269 

#5 smok*:ab,ti 444,665 

#4 cigarette*:ab,ti 97,046 

#3 nicotine*:ab,ti 53,686 

#2 tobacco dependence'/exp 22,544 

#1 smoking'/exp 418,522 

 1 

S2.1.4c. Cochrane library database (year of 2020 to August 7th, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoke] explode all trees 415 

#2 MeSH descriptor: [Tobacco Use Disorder] explode all trees 1,741 

#3 (Nicotine*):ti,ab,kw 7,381 

#4 (Cigarette*):ti,ab,kw 8,788 

#5 (Smok*):ti,ab,kw 38,541 

#6 (tobacco*):ti,ab,kw 9,636 

#7 #1 or #2 or #3 or #4 or #5 or #6 41,663 

#8 MeSH descriptor: [Alcohol Drinking] explode all trees 4,022 

#9 MeSH descriptor: [Alcohols] explode all trees 38,243 

#10 MeSH descriptor: [Drinking Behavior] explode all trees 4,167 

#11 ((Dr?nk* near/3 (Behavior* or Alcohol*))):ti,ab,kw 7,066 

#12 (Alcoholism*):ti,ab,kw 6,971 

#13 (alcoholic*):ti,ab,kw 7,633 

#14 ((alcohol* near/3 (dependen* or disorder* or drink* or misuse or abuse* or consumption))):ti,ab,kw 15,509 

#15 #8 or #9 or #10 or #11 or #12 or #13 or #14 58,722 

#16 #7 or #15 96,041 

#17 MeSH descriptor: [Fractures, Bone] explode all trees 6,415 

#18 (Broken Bone*):ti,ab,kw 184 

#19 (Bone Fracture*):ti,ab,kw 11,248 

#20 (Spiral Fracture*):ti,ab,kw 59 

#21 (Torsion Fracture*):ti,ab,kw 54 

#22 MeSH descriptor: [Fracture Fixation] explode all trees 1,829 
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#23 (Fracture Fixation*):ti,ab,kw 4,126 

#24 (Skeletal Fixation*):ti,ab,kw 179 

#25 (Fracture Reduction*):ti,ab,kw 4,176 

#26 MeSH descriptor: [Fracture Healing] explode all trees 545 

#27 ((fractur* near/3 healing)):ti,ab,kw 1,594 

#28 ((non?union or nonunion or un?united or ununited or delayed?union or union or malunion)):ti,ab,kw 3,605 

#29 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,505 

#30 (Surgical Wound Infection*):ti,ab,kw 7,420 

#31 (Surgical Site Infection*):ti,ab,kw 3,903 

#32 (Postoperative Wound Infection*):ti,ab,kw 5,826 

#33 ((superficial near/2 SSI*)):ti,ab,kw 122 

#34 ((deep near/2 SSI*)):ti,ab,kw 95 

#35 ((Organ near/1 space SSI*)):ti,ab,kw 91 

#36 
#17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 o

r #33 or #34 or #35 
28,087 

#37 #16 and #36 with Publication Year from 2020 to 2021, in Trials 113 

 1 

S2.1.4d. CINAHL database (year of 2020 to August 7th, 2021) 2 

# Query Results 

S28 S12 AND S27 (Limiters - Published Date: 20201001-20210831) 95 

S27 S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26 51,051 

S26 TI Organ w1 space SSI* or AB Organ w1 space SSI* 111 

S25 TI deep w2 SSI* or AB deep w2 SSI* 168 

S24 TI superficial w2 SSI* or AB superficial w2 SSI* 160 

S23 TI Postoperative Wound Infection* or AB Postoperative Wound Infection* 319 

S22 TI Surgical Site Infection* or AB Surgical Site Infection* 5,924 

S21 TI Surgical Wound Infection* or AB Surgical Wound Infection* 352 

S20 (MM "Surgical Wound Infection") 7,563 

S19 
TI ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) OR AB ( non?

union or nonunion or un?united or ununited or delayed?union or union or malunion ) 
23,750 

S18 TI fractur* w3 healing OR AB fractur* w3 healing 2,082 

S17 (MM "Fracture Healing") 1,801 

S16 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* or TI Fract
ure Reduction* or AB Fracture Reduction* 

2,369 

S15 (MH "Fracture Fixation+") 16,320 

S14 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral Fracture* or 

AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 
2,810 

S13 (MM "Carpal Fractures") 119 

S12 S4 or S11 267,092 

S11 S5 or S6 or S7 or S8 or S9 or S10 66,286 
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S10 
TI ( (alcohol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) OR AB ( (alcoh
ol* w3 (dependen* or disorder* or drink* or misuse or abuse* or consumption)) ) 

36,726 

S9 TI ( Dr?nk* w3 (Behavior* or Alcohol*) ) OR AB ( Dr?nk* w3 (Behavior* or Alcohol*) ) 7,588 

S8 TI Alcoholism* or AB Alcoholism* 5,329 

S7 (MH "Drinking Behavior+") 34,487 

S6 (MM "Alcoholism") 12,499 

S5 (MH "Alcohol Drinking+") 32,975 

S4 S1 or S2 or S3 242,228 

S3 
TI Nicotine* OR AB Nicotine* OR TI Cigarette* OR AB Cigarette* OR TI Smok* OR AB Smok* OR TI to
bacco* OR AB tobacco* 

119,612 

S2 (MH "Substance Use Disorders+") 173,171 

S1 (MH "Smoking+") 74,980 

 1 

S2.1.4e. AMED database (year of 2020 to August 9th, 2021 via Ovid) 2 

# Searches Results 

1 exp smoking/ 646 

2 (Nicotine* OR Cigarette* OR Smok* OR tobacco*).ab,ti 1,683 

3 exp Alcohol Drinking/ 255 

4 exp Alcoholism/ 393 

5 exp Drinking Behavior/ 309 

6 Alcoholism*.ab,ti 139 

7 (Dr?nk* adj3 Behavior* or Behavior* adj3 Dr?nk* or Alcohol*).ab,ti 2,000 

8 
(alcohol* adj3 dependen* or dependen* adj3 alcohol* or disorder* or drink* or misuse or abuse* or 

consumption).ab,ti 
19,793 

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 22,464 

10 exp Fracture Fixation/ 843 

11 (Broken Bone* or Bone Fracture* or Spiral Fracture* or Torsion Fracture*).ab,ti 147 

12 (Fracture Fixation* or Skeletal Fixation* or Fracture Reduction*).ab,ti 158 

13 exp Fracture Healing/ 92 

14 (fractur* adj3 healing or healing adj3 fractur*).ab,ti 214 

15 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti 1,075 

16 Surgical Wound Infection*.ab,ti 1 

17 Surgical Site Infection*.ab,ti 30 

18 Postoperative Wound Infection*.ab,ti 10 

19 (superficial adj2 SSI* or SSI* adj2 superficial).ab,ti 1 

20 (deep adj2 SSI* or SSI* adj2 deep).ab,ti 1 

21 (Organ adj1 space SSI* or space adj1 Organ SSI*).ab,ti 0 

22 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 2,167 

23 9 and 22 103 
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24 limit 23 to yr="2020-Current" 7 

 1 

S2.2. Search strategies for the impacts of preoperative smoking cessation time, NRT, and vaping o2 
n fracture healing, postoperative surgical site infection, and malunion 3 

S2.2.1. The first search strategy 4 

S2.2.1a. MEDLINE database via Ovid (inception of database to April 20th, 2021) 5 

# Searches Results 

1 exp Fractures, Bone/ 189,044 

2 Broken Bone$.ab,ti. 302 

3 Bone Fracture$.ab,ti. 10,913 

4 Spiral Fracture$.ab,ti. 352 

5 Torsion Fracture$.ab,ti. 43 

6 exp Fracture Fixation/ 63,381 

7 Fracture Fixation$.ab,ti. 3,486 

8 Skeletal Fixation$.ab,ti. 548 

9 Fracture Reduction$.ab,ti. 2,603 

10 exp Fracture Healing/ 13,783 

11 (fractur$ adj3 healing).ab,ti. 10,343 

12 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti. 65,111 

13 exp Surgical Wound Infection/ 37,337 

14 Surgical Wound Infection$.ab,ti. 1,327 

15 Surgical Site Infection$.ab,ti. 11,920 

16 Postoperative Wound Infection$.ab,ti. 1,666 

17 (superficial adj2 SSI$).ab,ti. 387 

18 (deep adj2 SSI$).ab,ti. 407 

19 (Organ adj space SSI$).ab,ti. 276 

20 
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18
 or 19 

298,187 

21 exp Smoking Cessation/ 29,675 

22 exp Smoking Reduction/ 82 

23 
((quit$ or stop$ or ceas$ or giv$ or abstain$ or abstinen$ or Cessat$ or reduc$) adj3 (smok$ or toba
cco)).ti,ab. 

47,526 

24 "Tobacco Use Cessation"/ 1,238 

25 "Tobacco Use Cessation Products"/ 1,967 

26 Nicotinic Agonists/ 7,438 

27 Smoking Cessation Agents/ 211 

28 Nicotine Chewing Gum/ 26 

29 NRT.ti,ab. 2,180 

30 nicotine replacement.tw,kf. 3,605 

31 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw,kf. 2,481 

32 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw,kf. 1,138 

33 exp Vaping/ 1,666 

34 exp Electronic Nicotine Delivery Systems/ 4,359 

35 (Ecigarette$ or e-cigarette$).ab,ti. 5,132 
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36 Electronic-Cigarette$.ab,ti. 3,314 

37 (electron* adj3 (cig$ or nicotine$)).ab,ti. 3,927 

38 (e-cig$ or ecig$).ti,ab. 5,396 

39 (vape$ or vaporizer$ or vaporiser$ or vapourizer$ or vapouriser$ or vaping$).ti,ab. 3,368 

40 
21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 o

r 37 or 38 or 39 
70,169 

41 20 and 40 518 

42 limit 41 to humans 429 

 1 

S2.2.1b. EMBASE database (inception of database to April 21st, 2021) 2 

No. Query Results 

#42 #41 AND 'human'/de 1,241 

#41 #20 AND #40 1,386 

#40 
#21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 

OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 
116,498 

#39 
vape*:ab,ti OR vaporizer*:ab,ti OR vaporiser*:ab,ti OR vapourizer*:ab,ti OR vapouriser*:ab,ti OR vapin
g*:ab,ti 

4,216 

#38 'e cig*':ab,ti OR ecig*:ab,ti 6,587 

#37 (electron* NEAR/3 (cig* OR nicotine*)):ab,ti 4,715 

#36 'electronic cigarette*':ab,ti 4,019 

#35 ecigarette*:ab,ti OR 'e cigarette*':ab,ti 6,225 

#34 'electronic cigarette'/exp 7,725 

#33 'vaping'/exp 2,978 

#32 (pharmaco* NEAR/2 (nicotine OR tobacco OR smoking)):ab,ti 1,379 

#31 ((nicotine OR tobacco) NEAR/2 (gum* OR lozenge* OR patch* OR spray*)):ab,ti 2,996 

#30 'nicotine replacement':ab,ti 4,560 

#29 nrt:ab,ti 2,883 

#28 nicotine chewing gum'/exp 2,958 

#27 smoking cessation agents'/exp 37 

#26 nicotinic agonists'/exp 25,388 

#25 tobacco use cessation products'/exp 2,958 

#24 'tobacco use cessation'/exp 61,570 

#23 
((quit* OR stop* OR ceas* OR giv* OR abstain* OR abstinen* OR cessat* OR reduc*) NEAR/3 (sm
ok* OR tobacco)):ab,ti 

62,145 

#22 'smoking reduction'/exp 275 

#21 'smoking cessation'/exp 61,570 

#20 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 
OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 

486,284 

#19 (organ NEAR/1 'space ssi*'):ab,ti 550 

#18 (deep NEAR/2 ssi*):ab,ti 690 

#17 (superficial NEAR/2 ssi*):ab,ti 705 

#16 'postoperative wound infection*':ab,ti 2,144 

#15 'surgical site infection*':ab,ti 17,707 

#14 'surgical wound infection*':ab,ti 1,715 

#13 'surgical infection'/exp 53,306 

#12 
non?union:ab,ti OR nonunion:ab,ti OR un?united:ab,ti OR ununited:ab,ti OR delayed?union:ab,ti OR uni

on:ab,ti OR malunion:ab,ti 
86,831 

#11 (fractur* NEAR/3 healing):ab,ti 13,154 
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#10 'fracture healing'/exp 54,261 

#9 'fracture reduction*':ab,ti 3,138 

#8 'skeletal fixation*':ab,ti 653 

#7 'fracture fixation*':ab,ti 3,952 

#6 'fracture fixation'/exp 96,045 

#5 'torsion fracture*':ab,ti 48 

#4 'spiral fracture*':ab,ti 415 

#3 'bone fracture*':ab,ti 15,151 

#2 'broken bone*':ab,ti 407 

#1 'fracture'/exp 342,927 

 1 

S2.2.1c. Cochrane library database (inception of database to April 21st, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Fractures, Bone] explode all trees 6,224 

#2 (Broken Bone*):ti,ab,kw 177 

#3 (Bone Fracture*):ti,ab,kw 10,926 

#4 (Spiral Fracture*):ti,ab,kw 52 

#5 (Torsion Fracture*):ti,ab,kw 49 

#6 MeSH descriptor: [Fracture Fixation] explode all trees 1,770 

#7 (Fracture Fixation*):ti,ab,kw 3,988 

#8 (Skeletal Fixation*):ti,ab,kw 176 

#9 (Fracture Reduction*):ti,ab,kw 4,052 

#10 MeSH descriptor: [Fracture Healing] explode all trees 538 

#11 ((fractur* near/3 healing)):ti,ab,kw 1,531 

#12 ((non?union or nonunion or un?united or ununited or delayed?union or union or malunion)):ti,ab,kw 3,486 

#13 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,454 

#14 (Surgical Wound Infection*):ti,ab,kw 7,242 

#15 (Surgical Site Infection*):ti,ab,kw 3,744 

#16 (Postoperative Wound Infection*):ti,ab,kw 5,707 

#17 ((superficial near/2 SSI*)):ti,ab,kw 118 

#18 ((deep near/2 SSI*)):ti,ab,kw 91 

#19 ((Organ near/1 space SSI*)):ti,ab,kw 91 

#20 
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 o

r #16 or #17 or #18 or #19 
27,277 

#21 MeSH descriptor: [Smoking Cessation] explode all trees 4,145 

#22 MeSH descriptor: [Smoking Reduction] explode all trees 25 

#23 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) NEAR/3 (smoke* or 

tobacco)):ti,ab,kw 
5,174 

#24 MeSH descriptor: [Tobacco Use Cessation Devices] explode all trees 550 

#25 MeSH descriptor: [Nicotine Chewing Gum] explode all trees 14 

#26 MeSH descriptor: [Nicotinic Agonists] explode all trees 741 

#27 (Tobacco Use Cessation Products):ti,ab,kw 287 

#28 (Nicotine near/2 patch*):ti,ab,kw 1,299 

#29 (Nicotine near/2 delivery device*):ti,ab,kw 103 

#30 (nicotine near/2 nasal spray*):ti,ab,kw 97 

#31 (smoking near/2 cessation product*):ti,ab,kw 639 
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#32 (nicotine near/2 replacement):ti,ab,kw 1,837 

#33 (nicotine near/2 lozenge*):ti,ab,kw 177 

#34 (nicotine polacrilex):ti,ab,kw 50 

#35 (nicotine near/2 inhal*):ti,ab,kw 150 

#36 (nicotine near/2 chewing gum*):ti,ab,kw 140 

#37 nicorette:ti,ab,kw 97 

#38 (nicotinic near/2 agonist*):ti,ab,kw 831 

#39 (nicotine near/2 tablet*):ti,ab,kw 41 

#40 (nicotine near/2 sublingual):ti,ab,kw 25 

#41 NRT:ti,ab,kw 926 

#42 (nicotine near/3 therap*):ti,ab,kw 2,045 

#43 MeSH descriptor: [Vaping] explode all trees 52 

#44 MeSH descriptor: [Electronic Nicotine Delivery Systems] explode all trees 148 

#45 (Ecigarette* or e-cigarette*):ti,ab,kw 542 

#46 (Electronic-Cigarette*):ti,ab,kw 441 

#47 ((electron* NEAR/3 (cig* OR nicotine*))):ti,ab,kw 543 

#48 (e-cig* or ecig*):ti,ab,kw 587 

#49 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*):ti,ab,kw 2,341 

#50 
#21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #3
4 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 

or #48 or #49 

11,862 

#51 #20 and #50 in Trials 38 

 1 

S2.2.1d. CINAHL database (inception of database to April 21st, 2021) 2 

# Query Results 

S31 S15 and S30 171 

S30 
S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26 or S27 or S28 or S

29 31,634 

S29 
TI (vape$ or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) OR AB (vape$ or va

porizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) 
1,624 

S28 TI (e-cig* or ecig* ) OR AB ( e-cig* or ecig* ) 3,756 

S27 TI (electron* W3 (cig* or nicotine*)) OR AB (electron* W3 (cig* or nicotine*)) 2,536 

S26 TI Electronic-Cigarette* OR AB Electronic-Cigarette* 2,177 

S25 TI (Ecigarette* OR e-cigarette* ) OR AB ( Ecigarette* OR e-cigarette*) 3,614 

S24 (MM "Electronic Cigarettes") 1,919 

S23 (MM "Vaping") 197 

S22 
TI (nicotine and (gum* or lozenge* or spray* or patch*)) OR AB (nicotine and (gum* or lozenge* o

r spray* or patch*))  1,150 

S21 TI nicotine replacement OR AB nicotine replacement  1,836 

S20 TI NRT OR AB NRT  947 

S19 (MH “Nicotine Chewing Gum” OR (MH “Nicotine Patch”)  454 

S18 
(MH (“Nicotine Replacement Therapy”) OR (MH “Tobacco Use Cessation Products+”) OR (MH “Nico
tinic Agonists+”) 10,955 

S17 

TI ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or to

bacco)) OR AB ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 
(smok* or tobacco)) 

13,454 

S16 (MM "Smoking Cessation") 14,099 

S15 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 48,618 
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S14 TI Organ w1 space SSI* or AB Organ w1 space SSI* 106 

S13 TI deep w2 SSI* or AB deep w2 SSI* 160 

S12 TI superficial w2 SSI* or AB superficial w2 SSI* 156 

S11 TI Postoperative Wound Infection* or AB Postoperative Wound Infection* 311 

S10 TI Surgical Site Infection* or AB Surgical Site Infection* 5,719 

S9 TI Surgical Wound Infection* or AB Surgical Wound Infection* 348 

S8 (MM "Surgical Wound Infection") 7,394 

S7 
TI ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) OR A
B ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) 

22,127 

S6 TI fractur* w3 healing OR AB fractur* w3 healing 2,015 

S5 (MM "Fracture Healing") 1,766 

S4 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* or 

TI Fracture Reduction* or AB Fracture Reduction* 2,276 

S3 (MH "Fracture Fixation+") 15,526 

S2 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral Fra

cture* or AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 
2,740 

S1 (MM "Carpal Fractures") 115 

 1 

S2.2.1e. AMED database (inception of database to April 22nd, 2021) 2 

# Searches Results 

1 exp Fracture Fixation/ 828 

2 (Broken Bone* or Bone Fracture* or Spiral Fracture* or Torsion Fracture*).ab,ti. 144 

3 (Fracture Fixation* or Skeletal Fixation* or Fracture Reduction*).ab,ti 154 

4 exp Fracture Healing/ 91 

5 (((fractur* adj3 healing) or healing) adj3 fractur*).ab,ti. 213 

6 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti.  1,041 

7 Surgical Wound Infection*.ab,ti. 1 

8 Surgical Surgical Site Infection*.ab,ti.Site Infection*.ab,ti 27 

9 Postoperative Wound Infection*.ab,ti. 10 

10 (((superficial adj2 SSI*) or SSI*) adj2 superficial).ab,ti. 1 

11 (((deep adj2 SSI*) or SSI*) adj2 deep).ab,ti. 1 

12 (((Organ adj1 space SSI*) or space) adj1 Organ SSI*).ab,ti. 0 

13 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 2,116 

14 Smoking Cessation.mp. [mp=abstract, heading words, title] 343 

15 Smoking Reduction.mp. [mp=abstract, heading words, title] 3 

16 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) and (smok* or tobac
co)).mp. [mp=abstract, heading words, title] 650 

17 "Tobacco Use Cessation"/ 0 

18 "Tobacco Use Cessation Products"/ 0 

19 Nicotinic Agonists/ 0 

20 Smoking Cessation Agents/ 0 

21 Nicotine Chewing Gum/ 0 

22 NRT.ti,ab. 8 

23 nicotine replacement.tw. 18 

24 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw. 11 

25 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw. 10 
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26 (ecigarette* or e cigarette*).ab,ti. 7 

27 electronic cigarette*.ab,ti.  2 

28 (electron* adj3 (cig* or nicotine*)).ab,ti. 5 

29 (e cig* or ecig*).ab,ti.  7 

30 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*).ab,ti. 6 

31 
14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 o

r 30 
665 

32 13 and 31 21 

 1 

S2.2.2. The second search strategy (the first updated search) 2 

S2.2.2a. MEDLINE database via Ovid (year of 2021 to August 6th, 2021) 3 

# Searches Results 

1 exp Fractures, Bone/ 192,917 

2 Broken Bone$.ab,ti. 312 

3 Bone Fracture$.ab,ti. 11,164 

4 Spiral Fracture$.ab,ti. 358 

5 Torsion Fracture$.ab,ti. 43 

6 exp Fracture Fixation/ 64,931 

7 Fracture Fixation$.ab,ti. 3,598 

8 Skeletal Fixation$.ab,ti. 553 

9 Fracture Reduction$.ab,ti. 2,686 

10 exp Fracture Healing/ 14,083 

11 (fractur$ adj3 healing).ab,ti. 10,561 

12 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti. 66,632 

13 exp Surgical Wound Infection/ 37,954 

14 Surgical Wound Infection$.ab,ti. 1,345 

15 Surgical Site Infection$.ab,ti. 12,338 

16 Postoperative Wound Infection$.ab,ti. 1,681 

17 (superficial adj2 SSI$).ab,ti. 400 

18 (deep adj2 SSI$).ab,ti. 427 

19 (Organ adj space SSI$).ab,ti. 280 

20 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 303,900 

21 exp Smoking Cessation/ 30,268 

22 exp Smoking Reduction/ 90 

23 ((quit$ or stop$ or ceas$ or giv$ or abstain$ or abstinen$ or Cessat$ or reduc$) adj3 (smok$ or tobacco)).ti,ab. 48,336 

24 "Tobacco Use Cessation"/ 1,285 

25 "Tobacco Use Cessation Products"/ 2,065 

26 Nicotinic Agonists/ 7,515 

27 Smoking Cessation Agents/ 227 

28 Nicotine Chewing Gum/ 27 

29 NRT.ti,ab. 2,237 

30 nicotine replacement.tw,kf. 3,688 

31 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw,kf. 2,503 
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32 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw,kf. 1,154 

33 exp Vaping/ 2,109 

34 exp Electronic Nicotine Delivery Systems/ 5,020 

35 (Ecigarette$ or e-cigarette$).ab,ti. 5,442 

36 Electronic-Cigarette$.ab,ti. 3,476 

37 (electron* adj3 (cig$ or nicotine$)).ab,ti. 4,139 

38 (e-cig$ or ecig$).ti,ab. 5,722 

39 (vape$ or vaporizer$ or vaporiser$ or vapourizer$ or vapouriser$ or vaping$).ti,ab. 3,598 

40 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 71,553 

41 20 and 40 529 

42 limit 41 to humans 453 

43 limit 42 to yr="2021 -Current" 16 

 1 

S2.2.2b. EMBASE database (year of 2021 to August 7th, 2021) 2 

No. Query Results 

#43 #41 AND 'human'/de AND [2021-2021]/py 55 

#42 #41 AND 'human'/de 1,263 

#41 #20 AND #40 1,408 

#40 
#21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 O

R #35 OR #36 OR #37 OR #38 OR #39 
118,655 

#39 vape*:ab,ti OR vaporizer*:ab,ti OR vaporiser*:ab,ti OR vapourizer*:ab,ti OR vapouriser*:ab,ti OR vaping*:ab,ti 4,525 

#38 e cig*':ab,ti OR ecig*:ab,ti 6,969 

#37 (electron* NEAR/3 (cig* OR nicotine*)):ab,ti 4,943 

#36 electronic cigarette*':ab,ti 4,199 

#35 ecigarette*:ab,ti OR 'e cigarette*':ab,ti 6,590 

#34 electronic cigarette'/exp 8,116 

#33 vaping'/exp 3,322 

#32 (pharmaco* NEAR/2 (nicotine OR tobacco OR smoking)):ab,ti 1,391 

#31 ((nicotine OR tobacco) NEAR/2 (gum* OR lozenge* OR patch* OR spray*)):ab,ti 3,027 

#30 nicotine replacement':ab,ti 4,629 

#29 nrt:ab,ti 2,940 

#28 nicotine chewing gum'/exp 2,966 

#27 smoking cessation agents'/exp 40 

#26 nicotinic agonists'/exp 25,924 

#25 tobacco use cessation products'/exp 2,966 

#24 tobacco use cessation'/exp 62,328 

#23 
((quit* OR stop* OR ceas* OR giv* OR abstain* OR abstinen* OR cessat* OR reduc*) NEAR/3 (smok* OR tobacc

o)):ab,ti 
63,027 

#22 smoking reduction'/exp 297 

#21 smoking cessation'/exp 62,328 

#20 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #

16 OR #17 OR #18 OR #19 
494,723 

#19 (organ NEAR/1 'space ssi*'):ab,ti 566 

#18 (deep NEAR/2 ssi*):ab,ti 709 

#17 (superficial NEAR/2 ssi*):ab,ti 727 

#16 postoperative wound infection*':ab,ti 2,167 
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#15 surgical site infection*':ab,ti 18,307 

#14 surgical wound infection*':ab,ti 1,740 

#13 surgical infection'/exp 54,736 

#12 
non?union:ab,ti OR nonunion:ab,ti OR un?united:ab,ti OR ununited:ab,ti OR delayed?union:ab,ti OR union:ab,ti OR 

malunion:ab,ti 
88,415 

#11 (fractur* NEAR/3 healing):ab,ti 13,399 

#10 fracture healing'/exp 55,249 

#9 fracture reduction*':ab,ti 3,209 

#8 skeletal fixation*':ab,ti 656 

#7 fracture fixation*':ab,ti 4,059 

#6 fracture fixation'/exp 97,671 

#5 torsion fracture*':ab,ti 49 

#4 spiral fracture*':ab,ti 420 

#3 bone fracture*':ab,ti 15,462 

#2 broken bone*':ab,ti 416 

#1 fracture'/exp 348,494 

 1 

S2.2.2c. Cochrane library database (year of 2021 to August 7th, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Fractures, Bone] explode all trees 6,415 

#2 (Broken Bone*):ti,ab,kw 184 

#3 (Bone Fracture*):ti,ab,kw 11,248 

#4 (Spiral Fracture*):ti,ab,kw 59 

#5 (Torsion Fracture*):ti,ab,kw 54 

#6 MeSH descriptor: [Fracture Fixation] explode all trees 1,829 

#7 (Fracture Fixation*):ti,ab,kw 4,126 

#8 (Skeletal Fixation*):ti,ab,kw 179 

#9 (Fracture Reduction*):ti,ab,kw 4,176 

#10 MeSH descriptor: [Fracture Healing] explode all trees 545 

#11 ((fractur* near/3 healing)):ti,ab,kw 1,594 

#12 ((non?union or nonunion or un?united or ununited or delayed?union or union or malunion)):ti,ab,kw 3,605 

#13 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,505 

#14 (Surgical Wound Infection*):ti,ab,kw 7,420 

#15 (Surgical Site Infection*):ti,ab,kw 3,903 

#16 (Postoperative Wound Infection*):ti,ab,kw 5,826 

#17 ((superficial near/2 SSI*)):ti,ab,kw 122 

#18 ((deep near/2 SSI*)):ti,ab,kw 95 

#19 ((Organ near/1 space SSI*)):ti,ab,kw 91 

#20 
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or 

#19  
28,087 

#21 MeSH descriptor: [Smoking Cessation] explode all trees 4,217 

#22 MeSH descriptor: [Smoking Reduction] explode all trees 27 

#23 ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) NEAR/3 (smoke* or tobacco)):ti,ab,kw 5,304 

#24 MeSH descriptor: [Tobacco Use Cessation Devices] explode all trees 571 

#25 MeSH descriptor: [Nicotine Chewing Gum] explode all trees 16 

#26 MeSH descriptor: [Nicotinic Agonists] explode all trees 748 
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#27 (Tobacco Use Cessation Products):ti,ab,kw 296 

#28 (Nicotine near/2 patch*):ti,ab,kw 1,316 

#29 (Nicotine near/2 delivery device*):ti,ab,kw 106 

#30 (nicotine near/2 nasal spray*):ti,ab,kw 97 

#31 (smoking near/2 cessation product*):ti,ab,kw 659 

#32 (nicotine near/2 replacement):ti,ab,kw 1,871 

#33 (nicotine near/2 lozenge*):ti,ab,kw 181 

#34 (nicotine polacrilex):ti,ab,kw 50 

#35 (nicotine near/2 inhal*):ti,ab,kw 151 

#36 (nicotine near/2 chewing gum*):ti,ab,kw 142 

#37 nicorette:ti,ab,kw 97 

#38 (nicotinic near/2 agonist*):ti,ab,kw 840 

#39 (nicotine near/2 tablet*):ti,ab,kw 41 

#40 (nicotine near/2 sublingual):ti,ab,kw 25 

#41 NRT:ti,ab,kw 954 

#42 (nicotine near/3 therap*):ti,ab,kw 2,079 

#43 MeSH descriptor: [Vaping] explode all trees 60 

#44 MeSH descriptor: [Electronic Nicotine Delivery Systems] explode all trees 162 

#45 (Ecigarette* or e-cigarette*):ti,ab,kw 584 

#46 (Electronic-Cigarette*):ti,ab,kw 463 

#47 ((electron* NEAR/3 (cig* OR nicotine*))):ti,ab,kw 571 

#48 (e-cig* or ecig*):ti,ab,kw 628 

#49 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*):ti,ab,kw 2,394 

#50 
#21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37

 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 
12,110 

#51 #20 and #50 with Publication Year from 2021 to 2021, in Trials 1 

 1 

S2.2.2d. CINAHL database (year of 2021 to August 7th, 2021) 2 

# Query Results 

S31 S15 and S30 (Limiters - Published Date: 20210401-20210831) 8 

S30 
S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26 or S27 or S28 or S

29 32,207 

S29 
TI (vape$ or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) OR AB (vape$ or va

porizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) 
1,718 

S28 TI (e-cig* or ecig* ) OR AB ( e-cig* or ecig* ) 3,922 

S27 TI (electron* W3 (cig* or nicotine*)) OR AB (electron* W3 (cig* or nicotine*)) 2,625 

S26 TI Electronic-Cigarette* OR AB Electronic-Cigarette* 2,243 

S25 TI (Ecigarette* OR e-cigarette* ) OR AB ( Ecigarette* OR e-cigarette*) 3,779 

S24 (MM "Electronic Cigarettes") 1,992 

S23 (MM "Vaping") 228 

S22 
TI (nicotine and (gum* or lozenge* or spray* or patch*)) OR AB (nicotine and (gum* or lozenge* o

r spray* or patch*))  1,160 

S21 TI nicotine replacement OR AB nicotine replacement  1,872 

S20 TI NRT OR AB NRT  970 

S19 (MH “Nicotine Chewing Gum” OR (MH “Nicotine Patch”)  456 

S18 
(MH (“Nicotine Replacement Therapy”) OR (MH “Tobacco Use Cessation Products+”) OR (MH “Nico

tinic Agonists+”) 11,179 
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S17 

TI ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or to
bacco)) OR AB ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 

(smok* or tobacco)) 
13,671 

S16 (MM "Smoking Cessation") 14,364 

S15 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 51,061 

S14 TI Organ w1 space SSI* or AB Organ w1 space SSI* 111 

S13 TI deep w2 SSI* or AB deep w2 SSI* 168 

S12 TI superficial w2 SSI* or AB superficial w2 SSI* 160 

S11 TI Postoperative Wound Infection* or AB Postoperative Wound Infection* 319 

S10 TI Surgical Site Infection* or AB Surgical Site Infection* 5,925 

S9 TI Surgical Wound Infection* or AB Surgical Wound Infection* 352 

S8 (MM "Surgical Wound Infection") 7,563 

S7 
TI ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) OR A
B ( non?union or nonunion or un?united or ununited or delayed?union or union or malunion ) 

23,757 

S6 TI fractur* w3 healing OR AB fractur* w3 healing 2,083 

S5 (MM "Fracture Healing") 1,801 

S4 
TI Fracture Fixation* or AB Fracture Fixation* or TI Skeletal Fixation* or AB Skeletal Fixation* or 

TI Fracture Reduction* or AB Fracture Reduction* 2,369 

S3 (MH "Fracture Fixation+") 16,321 

S2 
TI Broken Bone* or AB Broken Bone* or TI Bone Fracture* or AB Bone Fracture* or TI Spiral Fra
cture* or AB Spiral Fracture* or TI Torsion Fracture* or AB Torsion Fracture* 

2,810 

S1 (MM "Carpal Fractures") 119 

 1 

S2.2.2e. AMED database (year of 2021 to August 7th, 2021) 2 

# Searches Results 

1 exp Fracture Fixation/ 843 

2 (Broken Bone* or Bone Fracture* or Spiral Fracture* or Torsion Fracture*).ab,ti. 147 

3 (Fracture Fixation* or Skeletal Fixation* or Fracture Reduction*).ab,ti 158 

4 exp Fracture Healing/ 92 

5 (((fractur* adj3 healing) or healing) adj3 fractur*).ab,ti. 214 

6 (non?union or nonunion or un?united or ununited or delayed?union or union or malunion).ab,ti.  1,075 

7 Surgical Wound Infection*.ab,ti. 1 

8 Surgical Surgical Site Infection*.ab,ti.Site Infection*.ab,ti 30 

9 Postoperative Wound Infection*.ab,ti. 10 

10 (((superficial adj2 SSI*) or SSI*) adj2 superficial).ab,ti. 1 

11 (((deep adj2 SSI*) or SSI*) adj2 deep).ab,ti. 1 

12 (((Organ adj1 space SSI*) or space) adj1 Organ SSI*).ab,ti. 0 

13 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 2,167 

14 Smoking Cessation.mp. [mp=abstract, heading words, title] 344 

15 Smoking Reduction.mp. [mp=abstract, heading words, title] 3 

16 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) and (smok* or tobac

co)).mp. [mp=abstract, heading words, title] 652 

17 "Tobacco Use Cessation"/ 0 

18 "Tobacco Use Cessation Products"/ 0 

19 Nicotinic Agonists/ 0 

20 Smoking Cessation Agents/ 0 

21 Nicotine Chewing Gum/ 0 
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22 NRT.ti,ab. 8 

23 nicotine replacement.tw. 18 

24 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw. 11 

25 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw. 10 

26 (ecigarette* or e cigarette*).ab,ti. 7 

27 electronic cigarette*.ab,ti.  2 

28 (electron* adj3 (cig* or nicotine*)).ab,ti. 5 

29 (e cig* or ecig*).ab,ti.  7 

30 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*).ab,ti. 6 

31 
14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 o

r 30 
667 

32 13 and 31 21 

33 limit 32 to yr="2021-Current" 0 

 1 

S2.3. Search strategies for the impacts of preoperative smoking cessation time, NRT, and vaping o2 
n bone healing 3 

S2.3.1. The first search strategy 4 

S2.3.1a. MEDLINE database via Ovid (inception of database to April 23rd, 2021) 5 

# Searches Results 

1 exp Smoking Cessation/ 29,685 

2 exp Smoking Reduction/ 82 

3 ((quit$ or stop$ or ceas$ or giv$ or abstain$ or abstinen$ or Cessat$ or reduc$) adj3 (smok$ or tobacco)).ti,ab. 47,550 

4 "Tobacco Use Cessation"/ 1,241 

5 "Tobacco Use Cessation Products"/ 1,970 

6 Nicotinic Agonists/ 7,440 

7 Smoking Cessation Agents/ 211 

8 Nicotine Chewing Gum/ 26 

9 NRT.ti,ab. 2,182 

10 nicotine replacement.tw,kf. 3,608 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw,kf. 2,483 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw,kf. 1,138 

13 exp Vaping/ 1,670 

14 exp Electronic Nicotine Delivery Systems/ 4,363 

15 (Ecigarette$ or e-cigarette$).ab,ti. 5,142 

16 Electronic-Cigarette$.ab,ti. 3,322 

17 (electron* adj3 (cig$ or nicotine$)).ab,ti. 3,935 

18 (e-cig$ or ecig$).ti,ab. 5,407 

19 (vape$ or vaporizer$ or vaporiser$ or vapourizer$ or vapouriser$ or vaping$).ti,ab. 3,378 

20 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 70,208 

21 fusion.ab,ti. 205,233 

22 exp Spinal Fusion/ 26,584 

23 interbody.ab,ti. 6,774 

24 Spondylodes*.ab,ti. 748 
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25 21 or 22 or 23 or 24 214,524 

26 exp Osteotomy/ 36,408 

27 Osteotomy,Le Fort/ 2,242 

28 gonarthrosis$.tw. 1,070 

29 osteotom$.tw. 34,700 

30 26 or 27 or 28 or 29 50,185 

31 exp Arthrodesis/ 35,822 

32 Arthrodes*.ab,ti. 12,634 

33 31 or 32 40,346 

34 25 or 30 or 33 271,936 

35 20 and 34 111 

 1 

S2.3.1b. EMBASE database (inception of database to April 24th, 2021) 2 

No. Query Results 

#34 #20 AND #33 214 

#33 #25 OR #29 OR #32 330,752 

#32 #30 OR #31 52,605 

#31 arthrodes*:ab,ti 15,260 

#30 'arthrodesis'/exp 48,953 

#29 #26 OR #27 OR #28 58,834 

#28 'osteotomy'/exp 49,720 

#27 osteotom*:ab,ti 40,830 

#26 gonarthrosis*:ab,ti 1,605 

#25 #21 OR #22 OR #23 OR #24 261,726 

#24 spondylodes*:ab,ti 1,021 

#23 interbody:ab,ti 8,580 

#22 'spine fusion'/exp 33,068 

#21 fusion:ab,ti 252,103 

#20 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 
OR #16 OR #17 OR #18 OR #19 

116,591 

#19 vape*:ab,ti OR vaporizer*:ab,ti OR vaporiser*:ab,ti OR vapourizer*:ab,ti OR vapouriser*:ab,ti OR vaping*:ab,ti 4,229 

#18 'e cig*':ab,ti OR ecig*:ab,ti 6,596 

#17 (electron* NEAR/3 (cig* OR nicotine*)):ab,ti 4,720 

#16 'electronic cigarette*':ab,ti 4,023 

#15 ecigarette*:ab,ti OR 'e cigarette*':ab,ti 6,234 

#14 'electronic cigarette'/exp 7,737 

#13 'vaping'/exp 2,989 

#12 (pharmaco* NEAR/2 (nicotine OR tobacco OR smoking)):ab,ti 1,381 

#11 ((nicotine OR tobacco) NEAR/2 (gum* OR lozenge* OR patch* OR spray*)):ab,ti 2,997 

#10 'nicotine replacement':ab,ti 4,564 

#9 nrt:ab,ti 2,890 

#8 'nicotine chewing gum'/exp 2,956 

#7 'smoking cessation agents'/exp 36 

#6 'nicotinic agonists'/exp 25,417 

#5 'tobacco use cessation products'/exp 2,956 
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#4 'tobacco use cessation'/exp 61,602 

#3 
((quit* OR stop* OR ceas* OR giv* OR abstain* OR abstinen* OR cessat* OR reduc*) NEAR/3 (smok* OR 
tobacco)):ab,ti 

62,187 

#2 'smoking reduction'/exp 278 

#1 'smoking cessation'/exp 61,602 

 1 

S2.3.1c. Cochrane library database (inception of database to April 24th, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoking Cessation] explode all trees 4,145 

#2 MeSH descriptor: [Smoking Reduction] explode all trees 25 

#3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) NEAR/3 (smoke* or 

tobacco)):ti,ab,kw 
5,174 

#4 MeSH descriptor: [Tobacco Use Cessation Devices] explode all trees 550 

#5 MeSH descriptor: [Nicotine Chewing Gum] explode all trees 14 

#6 MeSH descriptor: [Nicotinic Agonists] explode all trees 741 

#7 (Tobacco Use Cessation Products):ti,ab,kw 287 

#8 (Nicotine near/2 patch*):ti,ab,kw 1,299 

#9 (Nicotine near/2 delivery device*):ti,ab,kw 103 

#10 (nicotine near/2 nasal spray*):ti,ab,kw 97 

#11 (smoking near/2 cessation product*):ti,ab,kw 639 

#12 (nicotine near/2 replacement):ti,ab,kw 1,837 

#13 (nicotine near/2 lozenge*):ti,ab,kw 177 

#14 (nicotine polacrilex):ti,ab,kw 50 

#15 (nicotine near/2 inhal*):ti,ab,kw 150 

#16 (nicotine near/2 chewing gum*):ti,ab,kw 140 

#17 nicorette:ti,ab,kw 97 

#18 (nicotinic near/2 agonist*):ti,ab,kw 831 

#19 (nicotine near/2 tablet*):ti,ab,kw 41 

#20 (nicotine near/2 sublingual):ti,ab,kw 25 

#21 NRT:ti,ab,kw 926 

#22 (nicotine near/3 therap*):ti,ab,kw 2,045 

#23 MeSH descriptor: [Vaping] explode all trees 52 

#24 MeSH descriptor: [Electronic Nicotine Delivery Systems] explode all trees 148 

#25 (Ecigarette* or e-cigarette*):ti,ab,kw 542 

#26 (Electronic-Cigarette*):ti,ab,kw 441 

#27 ((electron* NEAR/3 (cig* OR nicotine*))):ti,ab,kw 543 

#28 (e-cig* or ecig*):ti,ab,kw 587 

#29 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*):ti,ab,kw 2,341 

#30 
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 
or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 

11,862 

#31 fusion:ti,ab,kw 7,274 

#32 MeSH descriptor: [Spinal Fusion] explode all trees 963 

#33 Interbody:ti,ab,kw 819 

#34 (Spondylodesis or Spondylodeses):ti,ab,kw 57 

#35 #31 or #32 or #33 or #34 7,306 

#36 MeSH descriptor: [Osteotomy] explode all trees 767 
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#37 osteotom*:ti,ab,kw 2,063 

#38 #36 or #37 2,162 

#39 MeSH descriptor: [Arthrodesis] explode all trees 1,035 

#40 Arthrodes*:ti,ab,kw 495 

#41 #39 or #40 1,382 

#42 #35 or #38 or #41 9,609 

#43 #30 and #42 in Trials 13 

 1 

S2.3.1d. CINAHL database (inception of database to April 24th, 2021) 2 

# Query Results 

S29 S15 and S28 35 

S28 S20 or S24 or S27 35,349 

S27 S25 or S26 4,686 

S26 TI (Arthrodes*) OR AB (Arthrodes*) 3,938 

S25 (MH "Arthrodesis") 2,883 

S24 S21 or S22 or S23 9,071 

S23 TX (osteotom$) 10 

S22 TX (gonarthrosis$) 412 

S21 (MH "Osteotomy") 8,711 

S20 S16 or S17 or S18 or S19 24,067 

S19 TI (Spondylodes*) OR AB (Spondylodes*) 77 

S18 TI (interbody) OR AB (interbody) 2,272 

S17 (MH "Spinal Fusion") 10,181 

S16 TI (fusion) OR AB (fusion) 20,583 

S15 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 31,638 

S14 
TI (vape$ or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) OR AB (vape$ or vaporizer* or 

vaporiser* or vapourizer* or vapouriser* or vaping*) 1,625 

S13 TI (e-cig* or ecig* ) OR AB ( e-cig* or ecig* ) 3,757 

S12 TI (electron* W3 (cig* or nicotine*)) OR AB (electron* W3 (cig* or nicotine*)) 2,538 

S11 TI Electronic-Cigarette* OR AB Electronic-Cigarette* 2,179 

S10 TI (Ecigarette* OR e-cigarette* ) OR AB ( Ecigarette* OR e-cigarette*) 3,615 

S9 (MM "Electronic Cigarettes") 1,919 

S8 (MM "Vaping") 197 

S7 
TI (nicotine and (gum* or lozenge* or spray* or patch*)) OR AB (nicotine and (gum* or lozenge* or spray* or 

patch*))  1,150 

S6 TI nicotine replacement OR AB nicotine replacement  1,836 

S5 TI NRT OR AB NRT  947 

S4 (MH “Nicotine Chewing Gum”) OR (MH “Nicotine Patch”)  454 

S3 
(MH “Nicotine Replacement Therapy”) OR (MH “Tobacco Use Cessation Products+”) OR (MH “Nicotinic 

Agonists+”) 10,955 

S2 
TI ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) OR 

AB ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) 13,456 

S1 (MM "Smoking Cessation") 14,099 

 3 

S2.3.1e. AMED database (inception of database to April 27th, 2021) 4 
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# Searches Results 

1 Smoking Cessation.mp. [mp=abstract, heading words, title]  343 

2 Smoking Reduction.mp. [mp=abstract, heading words, title]  3 

3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) and (smok* or tobacco)).mp. 

[mp=abstract, heading words, title]  650 

4 "Tobacco Use Cessation"/  0 

5 "Tobacco Use Cessation Products"/  0 

6 Nicotinic Agonists/  0 

7 Smoking Cessation Agents/  0 

8 Nicotine Chewing Gum/ 0 

9 NRT.ti,ab. 8 

10 nicotine replacement.tw.  18 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw.  11 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw. 10 

13 (ecigarette* or e cigarette*).ab,ti.  7 

14 electronic cigarette*.ab,ti.  2 

15 (electron* adj3 (cig* or nicotine*)).ab,ti.  5 

16 (e cig* or ecig*).ab,ti.  7 

17 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*).ab,ti.  6 

18 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 665 

19 fusion.ab,ti.  1,122 

20 exp Spinal Fusion/  202 

21 interbody.ab,ti. 82 

22 Spondylodes*.ab,ti.  12 

23 19 or 20 or 21 or 22 1,174 

24 exp Osteotomy/  1,020 

25 Osteotomy,Le Fort/ 0 

26 gonarthrosis$.tw.  41 

27 osteotom$.tw.  1,446 

28 24 or 25 or 26 or 27  1,484 

29 exp Arthrodesis/  1,242 

30 Arthrodes*.ab,ti.  1,306 

31 29 or 30  1,635 

32 23 or 28 or 31  3,431 

33 18 and 32  11 

 1 

S2.3.2. The second search strategy (the first updated search) 2 

S2.3.2a. MEDLINE database via Ovid (year of 2021 to August 6th, 2021) 3 

# Searches Results 

1 exp Smoking Cessation/ 30,268 

2 exp Smoking Reduction/ 90 

3 ((quit$ or stop$ or ceas$ or giv$ or abstain$ or abstinen$ or Cessat$ or reduc$) adj3 (smok$ or tobacco)).ti,ab. 48,336 

4 "Tobacco Use Cessation"/ 1,285 

5 "Tobacco Use Cessation Products"/ 2,065 
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6 Nicotinic Agonists/ 7,515 

7 Smoking Cessation Agents/ 227 

8 Nicotine Chewing Gum/ 27 

9 NRT.ti,ab. 2,237 

10 nicotine replacement.tw,kf. 3,688 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw,kf. 2,503 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw,kf. 1,154 

13 exp Vaping/ 2,109 

14 exp Electronic Nicotine Delivery Systems/ 5,020 

15 (Ecigarette$ or e-cigarette$).ab,ti. 5,442 

16 Electronic-Cigarette$.ab,ti. 3,476 

17 (electron* adj3 (cig$ or nicotine$)).ab,ti. 4,139 

18 (e-cig$ or ecig$).ti,ab. 5,722 

19 (vape$ or vaporizer$ or vaporiser$ or vapourizer$ or vapouriser$ or vaping$).ti,ab. 3,598 

20 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 71,553 

21 fusion.ab,ti. 208,898 

22 exp Spinal Fusion/ 27,565 

23 interbody.ab,ti. 6,984 

24 Spondylodes*.ab,ti. 752 

25 21 or 22 or 23 or 24 218,416 

26 exp Osteotomy/ 37,009 

27 Osteotomy,Le Fort/ 2,282 

28 gonarthrosis$.tw. 1,075 

29 osteotom$.tw. 35,309 

30 26 or 27 or 28 or 29 50,931 

31 exp Arthrodesis/ 36,942 

32 Arthrodes*.ab,ti. 12,841 

33 31 or 32 41,520 

34 25 or 30 or 33 276,640 

35 20 and 34 115 

36 limit 35 to yr="2021 -Current" 9 

 1 

S2.3.2b. EMBASE database (year of 2021 to August 7th, 2021) 2 

No. Query Results 

#35 #20 AND #33 AND [2021-2021]/py 15 

#34 #20 AND #33 218 

#33 #25 OR #29 OR #32 335,959 

#32 #30 OR #31 53,558 

#31 arthrodes*:ab,ti 15,434 

#30 'arthrodesis'/exp 49,888 

#29 #26 OR #27 OR #28 59,753 

#28 'osteotomy'/exp 50,526 

#27 osteotom*:ab,ti 41,419 
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#26 gonarthrosis*:ab,ti 1,614 

#25 #21 OR #22 OR #23 OR #24 265,925 

#24 spondylodes*:ab,ti 1,025 

#23 interbody:ab,ti 8,762 

#22 'spine fusion'/exp 33,760 

#21 fusion:ab,ti 256,107 

#20 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 
OR #16 OR #17 OR #18 OR #19 

118,655 

#19 vape*:ab,ti OR vaporizer*:ab,ti OR vaporiser*:ab,ti OR vapourizer*:ab,ti OR vapouriser*:ab,ti OR vaping*:ab,ti 4,525 

#18 'e cig*':ab,ti OR ecig*:ab,ti 6,969 

#17 (electron* NEAR/3 (cig* OR nicotine*)):ab,ti 4,943 

#16 'electronic cigarette*':ab,ti 4,199 

#15 ecigarette*:ab,ti OR 'e cigarette*':ab,ti 6,590 

#14 'electronic cigarette'/exp 8,116 

#13 'vaping'/exp 3,322 

#12 (pharmaco* NEAR/2 (nicotine OR tobacco OR smoking)):ab,ti 1,391 

#11 ((nicotine OR tobacco) NEAR/2 (gum* OR lozenge* OR patch* OR spray*)):ab,ti 3,027 

#10 'nicotine replacement':ab,ti 4,629 

#9 nrt:ab,ti 2,940 

#8 'nicotine chewing gum'/exp 2,966 

#7 'smoking cessation agents'/exp 40 

#6 'nicotinic agonists'/exp 25,924 

#5 'tobacco use cessation products'/exp 2,966 

#4 'tobacco use cessation'/exp 62,328 

#3 
((quit* OR stop* OR ceas* OR giv* OR abstain* OR abstinen* OR cessat* OR reduc*) NEAR/3 (smok* OR 
tobacco)):ab,ti 

63,027 

#2 'smoking reduction'/exp 297 

#1 'smoking cessation'/exp 62,328 

 1 

S2.3.2c. Cochrane library database (year of 2021 to August 7th, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoking Cessation] explode all trees 4,217 

#2 MeSH descriptor: [Smoking Reduction] explode all trees 27 

#3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) NEAR/3 (smoke* or 
tobacco)):ti,ab,kw 

5,304 

#4 MeSH descriptor: [Tobacco Use Cessation Devices] explode all trees 571 

#5 MeSH descriptor: [Nicotine Chewing Gum] explode all trees 16 

#6 MeSH descriptor: [Nicotinic Agonists] explode all trees 748 

#7 (Tobacco Use Cessation Products):ti,ab,kw 296 

#8 (Nicotine near/2 patch*):ti,ab,kw 1,316 

#9 (Nicotine near/2 delivery device*):ti,ab,kw 106 

#10 (nicotine near/2 nasal spray*):ti,ab,kw 97 

#11 (smoking near/2 cessation product*):ti,ab,kw 659 

#12 (nicotine near/2 replacement):ti,ab,kw 1,871 

#13 (nicotine near/2 lozenge*):ti,ab,kw 181 

#14 (nicotine polacrilex):ti,ab,kw 50 
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#15 (nicotine near/2 inhal*):ti,ab,kw 151 

#16 (nicotine near/2 chewing gum*):ti,ab,kw 142 

#17 nicorette:ti,ab,kw 97 

#18 (nicotinic near/2 agonist*):ti,ab,kw 840 

#19 (nicotine near/2 tablet*):ti,ab,kw 41 

#20 (nicotine near/2 sublingual):ti,ab,kw 25 

#21 NRT:ti,ab,kw 954 

#22 (nicotine near/3 therap*):ti,ab,kw 2,079 

#23 MeSH descriptor: [Vaping] explode all trees 60 

#24 MeSH descriptor: [Electronic Nicotine Delivery Systems] explode all trees 162 

#25 (Ecigarette* or e-cigarette*):ti,ab,kw 584 

#26 (Electronic-Cigarette*):ti,ab,kw 463 

#27 ((electron* NEAR/3 (cig* OR nicotine*))):ti,ab,kw 571 

#28 (e-cig* or ecig*):ti,ab,kw 628 

#29 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*):ti,ab,kw 2,394 

#30 
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 

or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 
12,110 

#31 fusion:ti,ab,kw 7,497 

#32 MeSH descriptor: [Spinal Fusion] explode all trees 988 

#33 Interbody:ti,ab,kw 835 

#34 (Spondylodesis or Spondylodeses):ti,ab,kw 60 

#35 #31 or #32 or #33 or #34 7,531 

#36 MeSH descriptor: [Osteotomy] explode all trees 784 

#37 osteotom*:ti,ab,kw 2,125 

#38 #36 or #37 2,226 

#39 MeSH descriptor: [Arthrodesis] explode all trees 1,062 

#40 Arthrodes*:ti,ab,kw 506 

#41 #39 or #40 1,417 

#42 #35 or #38 or #41 9,896 

#43 #30 and #42 with Publication Year from 2021 to 2021, in Trials 0 

 1 

S2.3.2d. CINAHL database (year of 2021 to August 7th, 2021) 2 

# Query Results 

S29 S15 and S28 (Published Date: 20210401-20210831) 1 

S28 S20 or S24 or S27 36,525 

S27 S25 or S26 4,775 

S26 TI (Arthrodes*) OR AB (Arthrodes*) 4,019 

S25 (MH "Arthrodesis") 2,940 

S24 S21 or S22 or S23 9,317 

S23 TX (osteotom$) 11 

S22 TX (gonarthrosis$) 419 

S21 (MH "Osteotomy") 8,949 

S20 S16 or S17 or S18 or S19 24,982 

S19 TI (Spondylodes*) OR AB (Spondylodes*) 81 

S18 TI (interbody) OR AB (interbody) 2,338 
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S17 (MH "Spinal Fusion") 10,554 

S16 TI (fusion) OR AB (fusion) 21,461 

S15 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 32,207 

S14 
TI (vape$ or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) OR AB (vape$ or vaporizer* or 

vaporiser* or vapourizer* or vapouriser* or vaping*) 1,718 

S13 TI (e-cig* or ecig* ) OR AB ( e-cig* or ecig* ) 3,922 

S12 TI (electron* W3 (cig* or nicotine*)) OR AB (electron* W3 (cig* or nicotine*)) 2,625 

S11 TI Electronic-Cigarette* OR AB Electronic-Cigarette* 2,243 

S10 TI (Ecigarette* OR e-cigarette* ) OR AB ( Ecigarette* OR e-cigarette*) 3,779 

S9 (MM "Electronic Cigarettes") 1,992 

S8 (MM "Vaping") 228 

S7 
TI (nicotine and (gum* or lozenge* or spray* or patch*)) OR AB (nicotine and (gum* or lozenge* or spray* or 

patch*))  1,160 

S6 TI nicotine replacement OR AB nicotine replacement  1,872 

S5 TI NRT OR AB NRT  970 

S4 (MH “Nicotine Chewing Gum”) OR (MH “Nicotine Patch”)  456 

S3 
(MH “Nicotine Replacement Therapy”) OR (MH “Tobacco Use Cessation Products+”) OR (MH “Nicotinic 

Agonists+”) 11,179 

S2 
TI ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) OR 

AB ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) 13,671 

S1 (MM "Smoking Cessation") 14,364 

 1 

S2.3.2e. AMED database (year of 2021 to August 9th, 2021) 2 

# Searches Results 

1 Smoking Cessation.mp. [mp=abstract, heading words, title]  344 

2 Smoking Reduction.mp. [mp=abstract, heading words, title]  3 

3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) and (smok* or tobacco)).mp. 
[mp=abstract, heading words, title]  652 

4 "Tobacco Use Cessation"/  0 

5 "Tobacco Use Cessation Products"/  0 

6 Nicotinic Agonists/  0 

7 Smoking Cessation Agents/  0 

8 Nicotine Chewing Gum/ 0 

9 NRT.ti,ab. 8 

10 nicotine replacement.tw.  18 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw.  11 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw. 10 

13 (ecigarette* or e cigarette*).ab,ti.  7 

14 electronic cigarette*.ab,ti.  2 

15 (electron* adj3 (cig* or nicotine*)).ab,ti.  5 

16 (e cig* or ecig*).ab,ti.  7 

17 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*).ab,ti.  6 

18 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 667 

19 fusion.ab,ti.  1,143 

20 exp Spinal Fusion/  204 

21 interbody.ab,ti. 82 



47 

 

22 Spondylodes*.ab,ti.  12 

23 19 or 20 or 21 or 22 1,195 

24 exp Osteotomy/  1,032 

25 Osteotomy,Le Fort/ 0 

26 gonarthrosis$.tw.  41 

27 osteotom$.tw.  1,471 

28 24 or 25 or 26 or 27  1,509 

29 exp Arthrodesis/  1,254 

30 Arthrodes*.ab,ti.  1,330 

31 29 or 30  1,661 

32 23 or 28 or 31  3,485 

33 18 and 32  11 

34 limit 33 to yr="2021-Current" 0 

 1 

S2.4. Search strategies for the impacts of preoperative smoking cessation time, NRT, and vaping o2 
n wound healing and wound complications after surgery 3 

S2.4.1. The first search strategy 4 

S2.4.1a. MEDLINE database (inception of database to April 23rd, 2021) 5 

# Searches Results 

1 exp Smoking Cessation/ 29,685 

2 exp Smoking Reduction/ 82 

3 
((quit$ or stop$ or ceas$ or giv$ or abstain$ or abstinen$ or Cessat$ or reduc$) adj3 (smok$ or toba
cco)).ti,ab. 

47,550 

4 "Tobacco Use Cessation"/ 1,241 

5 "Tobacco Use Cessation Products"/ 1,970 

6 Nicotinic Agonists/ 7,440 

7 Smoking Cessation Agents/ 211 

8 Nicotine Chewing Gum/ 26 

9 NRT.ti,ab. 2,182 

10 nicotine replacement.tw,kf. 3,608 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw,kf. 2,483 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw,kf. 1,138 

13 exp Vaping/ 1,670 

14 exp Electronic Nicotine Delivery Systems/ 4,363 

15 (Ecigarette$ or e-cigarette$).ab,ti. 5,142 

16 Electronic-Cigarette$.ab,ti. 3,322 

17 (electron* adj3 (cig$ or nicotine$)).ab,ti. 3,935 

18 (e-cig$ or ecig$).ti,ab. 5,407 

19 (vape$ or vaporizer$ or vaporiser$ or vapourizer$ or vapouriser$ or vaping$).ti,ab. 3,378 

20 
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18

 or 19 
70,208 

21 exp Surgical Wound Infection/ 37,363 

22 exp Surgical Wound Dehiscence/ 7,530 

23 (surg* adj5 infect*).tw. 36,669 
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24 (surg* adj5 wound*).tw. 16,551 

25 (surg* adj5 site*).tw. 27,165 

26 (surg* adj5 incision*).tw. 11,976 

27 (surg* adj5 dehisc*).tw. 1,288 

28 (wound* adj5 dehisc*).tw. 5,569 

29 (wound* adj5 infect*).tw. 36,530 

30 (wound adj5 disrupt*).tw. 657 

31 wound complication*.tw. 6,174 

32 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 131,927 

33 20 and 32 227 

 1 

S2.4.1b. EMBASE database (inception of database to April 24th, 2021) 2 

No. Query Results 

#33 #20 AND #32 459 

#32 
#21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 

189,023 

#31 'wound complication*':ab,ti 8,673 

#30 (wound NEAR/5 disrupt*):ab,ti 994 

#29 (wound* NEAR/5 infect*):ab,ti 50,584 

#28 (wound* NEAR/5 dehisc*):ab,ti 7,798 

#27 (surg* NEAR/5 dehisc*):ab,ti 1,859 

#26 (surg* NEAR/5 incision*):ab,ti 17,515 

#25 (surg* NEAR/5 site*):ab,ti 39,941 

#24 (surg* NEAR/5 wound*):ab,ti 22,004 

#23 (surg* NEAR/5 infect*):ab,ti 52,141 

#22 'wound dehiscence'/exp 19,795 

#21 'surgical infection'/exp 53,361 

#20 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 

OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 116,591 

#19 
vape*:ab,ti OR vaporizer*:ab,ti OR vaporiser*:ab,ti OR vapourizer*:ab,ti OR vapouriser*:ab,ti OR vapin

g*:ab,ti 4,229 

#18 'e cig*':ab,ti OR ecig*:ab,ti 6,596 

#17 (electron* NEAR/3 (cig* OR nicotine*)):ab,ti 4,720 

#16 'electronic cigarette*':ab,ti 4,023 

#15 ecigarette*:ab,ti OR 'e cigarette*':ab,ti 6,234 

#14 'electronic cigarette'/exp 7,737 

#13 'vaping'/exp 2,989 

#12 (pharmaco* NEAR/2 (nicotine OR tobacco OR smoking)):ab,ti 1,381 

#11 ((nicotine OR tobacco) NEAR/2 (gum* OR lozenge* OR patch* OR spray*)):ab,ti 2,997 

#10 'nicotine replacement':ab,ti 4,564 

#9 nrt:ab,ti 2,890 

#8 'nicotine chewing gum'/exp 2,956 

#7 'smoking cessation agents'/exp 36 

#6 'nicotinic agonists'/exp 25,417 

#5 'tobacco use cessation products'/exp 2,956 
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#4 'tobacco use cessation'/exp 61,602 

#3 
((quit* OR stop* OR ceas* OR giv* OR abstain* OR abstinen* OR cessat* OR reduc*) NEAR/3 (sm
ok* OR tobacco)):ab,ti 62,187 

#2 'smoking reduction'/exp 278 

#1 'smoking cessation'/exp 61,602 

 1 

S2.4.1c. Cochrane library database (inception of database to April 24th, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoking Cessation] explode all trees 4,145 

#2 MeSH descriptor: [Smoking Reduction] explode all trees 25 

#3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) NEAR/3 (smoke* or 

tobacco)):ti,ab,kw 
5,174 

#4 MeSH descriptor: [Tobacco Use Cessation Devices] explode all trees 550 

#5 MeSH descriptor: [Nicotine Chewing Gum] explode all trees 14 

#6 MeSH descriptor: [Nicotinic Agonists] explode all trees 741 

#7 (Tobacco Use Cessation Products):ti,ab,kw 287 

#8 (Nicotine near/2 patch*):ti,ab,kw 1,299 

#9 (Nicotine near/2 delivery device*):ti,ab,kw 103 

#10 (nicotine near/2 nasal spray*):ti,ab,kw 97 

#11 (smoking near/2 cessation product*):ti,ab,kw 639 

#12 (nicotine near/2 replacement):ti,ab,kw 1,837 

#13 (nicotine near/2 lozenge*):ti,ab,kw 177 

#14 (nicotine polacrilex):ti,ab,kw 50 

#15 (nicotine near/2 inhal*):ti,ab,kw 150 

#16 (nicotine near/2 chewing gum*):ti,ab,kw 140 

#17 nicorette:ti,ab,kw 97 

#18 (nicotinic near/2 agonist*):ti,ab,kw 831 

#19 (nicotine near/2 tablet*):ti,ab,kw 41 

#20 (nicotine near/2 sublingual):ti,ab,kw 25 

#21 NRT:ti,ab,kw 926 

#22 (nicotine near/3 therap*):ti,ab,kw 2,045 

#23 MeSH descriptor: [Vaping] explode all trees 52 

#24 MeSH descriptor: [Electronic Nicotine Delivery Systems] explode all trees 148 

#25 (Ecigarette* or e-cigarette*):ti,ab,kw 542 

#26 (Electronic-Cigarette*):ti,ab,kw 441 

#27 ((electron* NEAR/3 (cig* OR nicotine*))):ti,ab,kw 543 

#28 (e-cig* or ecig*):ti,ab,kw 587 

#29 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*):ti,ab,kw 2,341 

#30 

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 o

r #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #

29 

11,862 

#31 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,454 

#32 MeSH descriptor: [Surgical Wound Dehiscence] explode all trees 470 

#33 (surg* near/5 infect*):ti and (surg* near/5 infect*):ab (Word variations have been searched) 961 

#34 (surg* near/5 wound*):ti and (surg* near/5 wound*):ab (Word variations have been searched) 445 

#35 (surg* near/5 site*):ti and (surg* near/5 site*):ab (Word variations have been searched) 784 
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#36 (surg* near/5 incision*):ti and (surg* near/5 incision*):ab (Word variations have been searched) 347 

#37 (surg* near/5 dehisc*):ti and (surg* near/5 dehisc*):ab (Word variations have been searched) 8 

#38 (wound* near/5 dehisc*):ti and (wound* near/5 dehisc*):ab (Word variations have been searched) 32 

#39 (wound* near/5 infect*):ti and (wound* near/5 infect*):ab (Word variations have been searched) 460 

#40 (wound near/5 disrupt*):ti and (wound near/5 disrupt*):ab (Word variations have been searched) 9 

#41 wound complication*:ti and wound complication*:ab (Word variations have been searched) 567 

#42 
#31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 

5,559 

#43 #30 and #42 in Trials 7 

 1 

S2.4.1d. CINAHL database (inception of database to April 24th, 2021) 2 

# Query Results 

S28 S15 and S27 140 

S27 S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 88,226 

S26 TX wound complication* 3,240 

S25 TX (wound n5 disrupt*) 875 

S24 TX (wound* n5 infect*) 34,820 

S23 TX (wound* n5 dehisc*) 4,292 

S22 TX (surg* n5 dehisc*) 2,573 

S21 TX (surg* n5 incision*) 9,626 

S20 TX (surg* n5 site*) 24,201 

S19 TX (surg* n5 wound*) 32,261 

S18 TX (surg* n5 infect*) 37,386 

S17 (MH “Surgical Wound Dehiscence”) 1,575 

S16 (MH “Surgical Wound Infection”) 11,253 

S15 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 31,640 

S14 
TI (vape$ or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) OR AB (vape$ or vaporizer* or 

vaporiser* or vapourizer* or vapouriser* or vaping*) 1,625 

S13 TI (e-cig* or ecig* ) OR AB ( e-cig* or ecig* ) 3,758 

S12 TI (electron* W3 (cig* or nicotine*)) OR AB (electron* W3 (cig* or nicotine*)) 2,539 

S11 TI Electronic-Cigarette* OR AB Electronic-Cigarette* 2,180 

S10 TI (Ecigarette* OR e-cigarette* ) OR AB ( Ecigarette* OR e-cigarette*) 3,616 

S9 (MM "Electronic Cigarettes") 1,919 

S8 (MM "Vaping") 197 

S7 
TI (nicotine and (gum* or lozenge* or spray* or patch*)) OR AB (nicotine and (gum* or lozenge* or spray* or 

patch*))  1,150 

S6 TI nicotine replacement OR AB nicotine replacement  1,836 

S5 TI NRT OR AB NRT  947 

S4 (MH “Nicotine Chewing Gum” OR (MH “Nicotine Patch”)  454 

S3 
(MH (“Nicotine Replacement Therapy”) OR (MH “Tobacco Use Cessation Products+”) OR (MH “Nicotinic 

Agonists+”) 10,955 

S2 

TI ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) OR 

AB ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) 13,457 

S1 (MM "Smoking Cessation") 14,099 

 3 

S2.4.1e. AMED database (inception of database to April 27th, 2021) 4 
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# Searches Results 

1 Smoking Cessation.mp. [mp=abstract, heading words, title] 343 

2 Smoking Reduction.mp. [mp=abstract, heading words, title] 3 

3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) and (smok* or tobacco)).mp. 

[mp=abstract, heading words, title]  650 

4 "Tobacco Use Cessation"/  0 

5 "Tobacco Use Cessation Products"/  0 

6 Nicotinic Agonists/ 0 

7 Smoking Cessation Agents/  0 

8 Nicotine Chewing Gum/  0 

9 NRT.ti,ab.  8 

10 nicotine replacement.tw.  18 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw.  11 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw.  10 

13 (ecigarette* or e cigarette*).ab,ti.  7 

14 electronic cigarette*.ab,ti.  2 

15 (electron* adj3 (cig* or nicotine*)).ab,ti.  5 

16 (e cig* or ecig*).ab,ti.  7 

17 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*).ab,ti.  6 

18 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 665 

19 (surg* adj5 infect*).tw.  223 

20 (surg* adj5 wound*).tw.  192 

21 (surg* adj5 site*).tw.  120 

22 (surg* adj5 incision*).tw.  82 

23 (surg* adj5 dehisc*).tw.  16 

24 (wound* adj5 dehisc*).tw.  71 

25 (wound* adj5 infect*).tw.  440 

26 (wound adj5 disrupt*).tw. 1 

27 wound complication*.tw.  147 

28 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 941 

29 18 and 28  18 

 1 

S2.4.2. The second search strategy (the first updated search) 2 

S2.4.2a. MEDLINE database (year of 2021 to August 6th, 2021) 3 

# Searches Results 

1 exp Smoking Cessation/ 30,268 

2 exp Smoking Reduction/ 90 

3 
((quit$ or stop$ or ceas$ or giv$ or abstain$ or abstinen$ or Cessat$ or reduc$) adj3 (smok$ or toba
cco)).ti,ab. 

48,336 

4 "Tobacco Use Cessation"/ 1,285 

5 "Tobacco Use Cessation Products"/ 2,065 

6 Nicotinic Agonists/ 7,515 

7 Smoking Cessation Agents/ 227 

8 Nicotine Chewing Gum/ 27 

9 NRT.ti,ab. 2,237 
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10 nicotine replacement.tw,kf. 3,688 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw,kf. 2,503 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw,kf. 1,154 

13 exp Vaping/ 2,109 

14 exp Electronic Nicotine Delivery Systems/ 5,020 

15 (Ecigarette$ or e-cigarette$).ab,ti. 5,442 

16 Electronic-Cigarette$.ab,ti. 3,476 

17 (electron* adj3 (cig$ or nicotine$)).ab,ti. 4,139 

18 (e-cig$ or ecig$).ti,ab. 5,722 

19 (vape$ or vaporizer$ or vaporiser$ or vapourizer$ or vapouriser$ or vaping$).ti,ab. 3,598 

20 
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18

 or 19 
71,553 

21 exp Surgical Wound Infection/ 37,954 

22 exp Surgical Wound Dehiscence/ 7,583 

23 (surg* adj5 infect*).tw. 37,514 

24 (surg* adj5 wound*).tw. 16,856 

25 (surg* adj5 site*).tw. 27,890 

26 (surg* adj5 incision*).tw. 12,237 

27 (surg* adj5 dehisc*).tw. 1,326 

28 (wound* adj5 dehisc*).tw. 5,681 

29 (wound* adj5 infect*).tw. 37,212 

30 (wound adj5 disrupt*).tw. 672 

31 wound complication*.tw. 6,327 

32 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 134,341 

33 20 and 32 227 

34 limit 33 to yr="2021 -Current" 7 

 1 

S2.4.2b. EMBASE database (year of 2021 to August 7th, 2021) 2 

No. Query Results 

#34 #20 AND #32 AND [2021-2021]/py 20 

#33 #20 AND #32 465 

#32 
#21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 

193,258 

#31 'wound complication*':ab,ti 8,870 

#30 (wound NEAR/5 disrupt*):ab,ti 1,026 

#29 (wound* NEAR/5 infect*):ab,ti 51,713 

#28 (wound* NEAR/5 dehisc*):ab,ti 8,024 

#27 (surg* NEAR/5 dehisc*):ab,ti 1,957 

#26 (surg* NEAR/5 incision*):ab,ti 17,867 

#25 (surg* NEAR/5 site*):ab,ti 40,953 

#24 (surg* NEAR/5 wound*):ab,ti 22,594 

#23 (surg* NEAR/5 infect*):ab,ti 53,362 

#22 'wound dehiscence'/exp 20,289 

#21 'surgical infection'/exp 54,736 
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#20 
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 
OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 118,655 

#19 
vape*:ab,ti OR vaporizer*:ab,ti OR vaporiser*:ab,ti OR vapourizer*:ab,ti OR vapouriser*:ab,ti OR vapin
g*:ab,ti 4,525 

#18 'e cig*':ab,ti OR ecig*:ab,ti 6,969 

#17 (electron* NEAR/3 (cig* OR nicotine*)):ab,ti 4,943 

#16 'electronic cigarette*':ab,ti 4,199 

#15 ecigarette*:ab,ti OR 'e cigarette*':ab,ti 6,590 

#14 'electronic cigarette'/exp 8,116 

#13 'vaping'/exp 3,322 

#12 (pharmaco* NEAR/2 (nicotine OR tobacco OR smoking)):ab,ti 1,391 

#11 ((nicotine OR tobacco) NEAR/2 (gum* OR lozenge* OR patch* OR spray*)):ab,ti 3,027 

#10 'nicotine replacement':ab,ti 4,629 

#9 nrt:ab,ti 2,940 

#8 'nicotine chewing gum'/exp 2,966 

#7 'smoking cessation agents'/exp 40 

#6 'nicotinic agonists'/exp 25,924 

#5 'tobacco use cessation products'/exp 2,966 

#4 'tobacco use cessation'/exp 62,328 

#3 
((quit* OR stop* OR ceas* OR giv* OR abstain* OR abstinen* OR cessat* OR reduc*) NEAR/3 (sm

ok* OR tobacco)):ab,ti 63,027 

#2 'smoking reduction'/exp 297 

#1 'smoking cessation'/exp 62,328 

 1 

S2.4.2c. Cochrane library database (year of 2021 to August 7th, 2021) 2 

ID Search Hits 

#1 MeSH descriptor: [Smoking Cessation] explode all trees 4,217 

#2 MeSH descriptor: [Smoking Reduction] explode all trees 27 

#3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) NEAR/3 (smoke* or 

tobacco)):ti,ab,kw 
5,304 

#4 MeSH descriptor: [Tobacco Use Cessation Devices] explode all trees 571 

#5 MeSH descriptor: [Nicotine Chewing Gum] explode all trees 16 

#6 MeSH descriptor: [Nicotinic Agonists] explode all trees 748 

#7 (Tobacco Use Cessation Products):ti,ab,kw 296 

#8 (Nicotine near/2 patch*):ti,ab,kw 1,316 

#9 (Nicotine near/2 delivery device*):ti,ab,kw 106 

#10 (nicotine near/2 nasal spray*):ti,ab,kw 97 

#11 (smoking near/2 cessation product*):ti,ab,kw 659 

#12 (nicotine near/2 replacement):ti,ab,kw 1,871 

#13 (nicotine near/2 lozenge*):ti,ab,kw 181 

#14 (nicotine polacrilex):ti,ab,kw 50 

#15 (nicotine near/2 inhal*):ti,ab,kw 151 

#16 (nicotine near/2 chewing gum*):ti,ab,kw 142 

#17 nicorette:ti,ab,kw 97 

#18 (nicotinic near/2 agonist*):ti,ab,kw 840 

#19 (nicotine near/2 tablet*):ti,ab,kw 41 
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#20 (nicotine near/2 sublingual):ti,ab,kw 25 

#21 NRT:ti,ab,kw 954 

#22 (nicotine near/3 therap*):ti,ab,kw 2,079 

#23 MeSH descriptor: [Vaping] explode all trees 60 

#24 MeSH descriptor: [Electronic Nicotine Delivery Systems] explode all trees 162 

#25 (Ecigarette* or e-cigarette*):ti,ab,kw 584 

#26 (Electronic-Cigarette*):ti,ab,kw 463 

#27 ((electron* NEAR/3 (cig* OR nicotine*))):ti,ab,kw 571 

#28 (e-cig* or ecig*):ti,ab,kw 628 

#29 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*):ti,ab,kw 2,394 

#30 

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 o

r #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #

29 

12,110 

#31 MeSH descriptor: [Surgical Wound Infection] explode all trees 3,505 

#32 MeSH descriptor: [Surgical Wound Dehiscence] explode all trees 472 

#33 (surg* near/5 infect*):ti and (surg* near/5 infect*):ab (Word variations have been searched) 989 

#34 (surg* near/5 wound*):ti and (surg* near/5 wound*):ab (Word variations have been searched) 458 

#35 (surg* near/5 site*):ti and (surg* near/5 site*):ab (Word variations have been searched) 814 

#36 (surg* near/5 incision*):ti and (surg* near/5 incision*):ab (Word variations have been searched) 359 

#37 (surg* near/5 dehisc*):ti and (surg* near/5 dehisc*):ab (Word variations have been searched) 8 

#38 (wound* near/5 dehisc*):ti and (wound* near/5 dehisc*):ab (Word variations have been searched) 32 

#39 (wound* near/5 infect*):ti and (wound* near/5 infect*):ab (Word variations have been searched) 473 

#40 (wound near/5 disrupt*):ti and (wound near/5 disrupt*):ab (Word variations have been searched) 9 

#41 wound complication*:ti and wound complication*:ab (Word variations have been searched) 579 

#42 
#31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 

5,671 

#43 #30 and #42 with Publication Year from 2021 to 2021, in Trials 1 

 1 

S2.4.2d. CINAHL database (year of 2021 to August 7th, 2021) 2 

# Query Results 

S28 S15 and S27 (Published Date: 20210401-20210831) 1 

S27 S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 89,123 

S26 TX wound complication* 3,353 

S25 TX (wound n5 disrupt*) 875 

S24 TX (wound* n5 infect*) 35,124 

S23 TX (wound* n5 dehisc*) 4,352 

S22 TX (surg* n5 dehisc*) 2,633 

S21 TX (surg* n5 incision*) 9,689 

S20 TX (surg* n5 site*) 24,564 

S19 TX (surg* n5 wound*) 32,722 

S18 TX (surg* n5 infect*) 37,975 

S17 (MH “Surgical Wound Dehiscence”) 1,615 

S16 (MH “Surgical Wound Infection”) 11,535 

S15 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 32,207 

S14 
TI (vape$ or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*) OR AB (vape$ or vaporizer* or 
vaporiser* or vapourizer* or vapouriser* or vaping*) 1,718 

S13 TI (e-cig* or ecig* ) OR AB ( e-cig* or ecig* ) 3,922 
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S12 TI (electron* W3 (cig* or nicotine*)) OR AB (electron* W3 (cig* or nicotine*)) 2,625 

S11 TI Electronic-Cigarette* OR AB Electronic-Cigarette* 2,243 

S10 TI (Ecigarette* OR e-cigarette* ) OR AB ( Ecigarette* OR e-cigarette*) 3,779 

S9 (MM "Electronic Cigarettes") 1,992 

S8 (MM "Vaping") 228 

S7 
TI (nicotine and (gum* or lozenge* or spray* or patch*)) OR AB (nicotine and (gum* or lozenge* or spray* or 

patch*))  1,160 

S6 TI nicotine replacement OR AB nicotine replacement  1,872 

S5 TI NRT OR AB NRT  970 

S4 (MH “Nicotine Chewing Gum” OR (MH “Nicotine Patch”)  456 

S3 
(MH (“Nicotine Replacement Therapy”) OR (MH “Tobacco Use Cessation Products+”) OR (MH “Nicotinic 

Agonists+”) 11,179 

S2 

TI ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) OR 

AB ((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) W3 (smok* or tobacco)) 13,671 

S1 (MM "Smoking Cessation") 14,364 

 1 

S2.4.2e. AMED database (year of 2021 to August 9th, 2021) 2 

# Searches Results 

1 Smoking Cessation.mp. [mp=abstract, heading words, title] 344 

2 Smoking Reduction.mp. [mp=abstract, heading words, title] 3 

3 
((quit* or stop* or ceas* or giv* or abstain* or abstinen* or Cessat* or reduc*) and (smok* or tobacco)).mp. 
[mp=abstract, heading words, title]  652 

4 "Tobacco Use Cessation"/  0 

5 "Tobacco Use Cessation Products"/  0 

6 Nicotinic Agonists/ 0 

7 Smoking Cessation Agents/  0 

8 Nicotine Chewing Gum/  0 

9 NRT.ti,ab.  8 

10 nicotine replacement.tw.  18 

11 ((nicotine or tobacco) adj2 (gum* or lozenge* or patch* or spray*)).tw.  11 

12 (pharmaco* adj2 (nicotine or tobacco or smoking)).tw.  10 

13 (ecigarette* or e cigarette*).ab,ti.  7 

14 electronic cigarette*.ab,ti.  2 

15 (electron* adj3 (cig* or nicotine*)).ab,ti.  5 

16 (e cig* or ecig*).ab,ti.  7 

17 (vape* or vaporizer* or vaporiser* or vapourizer* or vapouriser* or vaping*).ab,ti.  6 

18 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 667 

19 (surg* adj5 infect*).tw.  227 

20 (surg* adj5 wound*).tw.  197 

21 (surg* adj5 site*).tw.  125 

22 (surg* adj5 incision*).tw.  85 

23 (surg* adj5 dehisc*).tw.  16 

24 (wound* adj5 dehisc*).tw.  72 

25 (wound* adj5 infect*).tw.  452 

26 (wound adj5 disrupt*).tw. 1 
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27 wound complication*.tw.  154 

28 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 969 

29 18 and 28  18 

30 limit 29 to yr="2021-Current" 0 

1 
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Appendix S3. PRISMA flow chart of the impact of preoperative smoking cessatio1 

n time, nicotine replacement therapy (NRT), and vaping 2 

Flow chart of the impact of preoperative smoking cessation time, NRT, and vaping on bone healing is 3 

shown in Appendix S3a. Flow chart of the impacts of preoperative smoking cessation time, NRT, and 4 
vaping on wound healing and wound complications is shown in Appendix S3b. 5 

Appendix S3a. PRISMA flow chart of the impacts of preoperative smoking cessation time, NRT, and vaping 6 
on bone healing 7 

 8 

 9 

Appendix S3b. PRISMA flow chart of the impacts of preoperative smoking cessation time, NRT, and vaping 10 
on wound healing and wound complications after surgery 11 

 12 
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Appendix S4. Search results 1 

Search results about smoking and alcohol consumption were shown in Appendix S4a. Search results about preo2 

perative smoking cessation time, nicotine replacement therapy (NRT), and vaping were shown in Appendix S4b. 3 

Appendix S4a. Smoking and alcohol consumption 4 

Through the initial literature searching to the date of October 28th, 2019, we acquired 4,120 studies from 5 
MEDLINE, 10,159 studies from EMBASE, 880 studies from Cochrane CENTRAL, 1,272 studies from CINAHL, 6 
82 studies from AMED, and four studies from an additional manual search from the references. Updated literature 7 
searching was subsequently performed to the date of July 10th, 2020, a date of October 14th, 2020, and then to a 8 
date of August 9 th, 2021. Additionally, 4,832 articles were obtained. After removing duplicated studies via 9 
Endnote X9 software, 13,035 studies remained. By screening through titles and abstracts, 12,072 articles were 10 
removed for several reasons, including due to unsuitable types of work (5,025 studies), cost analysis (19 studies), 11 
and a lack of comparisons of smoking or alcohol on bone healing of adult human traumatic bone fractures (6,179 12 
studies), etc. After the eligibility process was conducted, another 860 full-text studies were excluded because 13 
seven papers were not in English, 47 papers had inapplicable types of work, and 265 papers had unrelated topics, 14 
etc. Finally, 103 studies published from 1977 to 2021 were included in the current study. 15 

 16 

  Forty-five of the 103 studies were not included in the meta-analysis for the following reasons: (1) n17 
o outcome events occurred in either group; (2) no information on groups was observed in which outco18 
me events had occurred; (3) a lack of data was observed on outcomes in each group; (4) only mean v19 
alues were found without standard deviation (SD) values; (5) the control group may have included alco20 
hol drinkers or former smokers; (6) definitions of delayed union, nonunion, or normal union with incor21 
rect time periods or a lack of descriptions of time periods were observed; and (7) regarding time to u22 
nion, data of patients with nonunion were excluded or were regarded as being the end of the follow-u23 
p period. Only two studies mentioned malunion. However, no events occurred in the exposure group or24 
 control group. Therefore, a meta-analysis of malunion could not be conducted because of insufficient 25 
data.  26 

 27 

Appendix S4b. Preoperative smoking cessation time, NRT, and vaping 28 

For bone healing (Appendix S3a), wound healing and wound complications (Appendix S3b), two additional 29 
literature searches were performed to the date of April 27th, 2021. An updated search was performed to the date 30 
of August 9th, 2021. 31 

 32 

For bone healing, we acquired 120 studies from MEDLINE, 229 studies from EMBASE, 13 studies from 33 
Cochrane CENTRAL, 36 studies from CINAHL, and 11 studies from AMED databases. After removing the 34 
duplicated studies, 269 studies were screened through titles and abstracts. Among them, 201 studies were removed 35 
via screening, and another 67 studies were removed via the eligibility process. Finally, one study concerning bone 36 
healing was included in the current study. Due to the fact that no more than one study was included, the quantitative 37 
analysis of bone healing could not be performed.  38 

 39 

For wound healing and wound complications, we acquired 234 studies from MEDLINE, 479 studies 40 
from EMBASE, eight studies from Cochrane CENTRAL, 141 studies from CINAHL, 18 studies from 41 
AMED databases, and one study from an additional manual search of the references. After removing th42 
e duplicated studies, 613 studies were screened through titles and abstracts. Three hundred and forty st43 
udies were excluded via the screening process, and 255 studies were excluded via the full-text. Finally, 44 
18 studies concerning wound healing and wound complications were included in this study. Five of the 45 
studies were not included in the quantitative analysis because there was no more than one study on ea46 
ch outcome.  47 
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Appendix S5. Summary of 58 studies for the quantitative synthesis about the impacts of smoking and alcohol consumption 

Summary of 58 studies for the quantitative synthesis about the impacts of smoking and alcohol consumtion was described in Appendix S5a to d. 

S5a. Summary of 58 studies for the quantitative synthesis (part 1) 

No 
First author/ 

Publication year 
Journal name Country 

Study 

design 

Sex 

M/F 

Age (years)  

mean±SD (range) 
Race 

BMI (kg/m2) 

mean±SD 

(range) 

Height 

(cm) 

mean±SD 

(range) 

Weight 

(kg) 

mean±SD 

(range) 

1 Askew 2011[1] The Open Bone Journal USA 
retrospective 

cohort study 
29/1 

GS 67·33±14·04 (28–88) 

ConS 68·22±19·14 (38–

89) 
GA 64·25±11·92 (45–80) 

ConA 69·83±17·30 (28–

89) 
Total 67·6±15·40 (28–89) 

NA NA NA NA 

2 Bai 2019[2] Medicine China 
case-control 

study 
372/293 49·4±15·7 (18–77) NA NA NA NA 

3 Ding 2014[3] 
Journal of Orthopaedic 

Science 
China 

case-control 
study 

431/228 Mean 45·22 NA NA NA NA 

4 Kent 2015[4] 
European Journal of 

Orthopaedic Surgery & 

Traumatology 

England 
retrospective 

cohort study 
18/22 

GS 47·75±11·74 (28–65) 

ConS 54·43±19·74 (27–
87) 

GA 50±13·71 (28–65) 

ConA 52·85±18·61 (27–
87) 

Total 52·43±17·84 (27–

87) 

NA NA NA NA 

5 Liu 2015[5] 

Orthopaedics & 

Traumatology: Surgery 
& Research 

China 
case-control 

study 
391/413 Mean 54·6 NA Mean 19·64 

Mean 

172·71 

Mean 

73·09 

6 Ma 2017[6] 
International Wound 

Journal 
China 

case-control 

study 
465/211 Mean 44·6 NA Mean 25·26 NA NA 

7 Mckissack 2019[7] Injury USA 
retrospective 
cohort study 

NA NA NA NA NA NA 

8 Meng 2018[8] 
International Wound 

Journal 
China 

case-control 

study 
1310/1295 Mean 44·4 (18–82) NA Mean 24·52 NA NA 

9 Ovaska 2013[9] 
The Journal of bone 
and joint surgery· 

American volume 

Finland 
case-control 

study 
NA NA NA NA NA NA 
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10 Parker 2018[10] 
The Bone & Joint 

Journal 
UK 

case-control 
study 

340/118 NA 

White (164) 
Black Caribbean 

(13) 

Black African (149) 
Black Other (79) 

Indian (23) 

Pakistani (24) 
Unknown (6) 

NA NA NA 

11 Thorud 2017[11] 
The Journal of Foot & 

Ankle Surgery 
US 

case-control 
study 

56/88 51·1±15·0 

White (106) 

Black (14) 

Other (24) 

31·4±7·1 NA NA 

12 Bowen 2005[12] 
Clinical Orthopaedics 

and Related Research 
US 

case-control 

study 
96/50 47±18 (18–92） NA NA NA NA 

13 Chan 2019[13] Injury England 
case-control 

study 
76/99 46·95±18·2 NA 26·1±4·8 NA NA 

14 Claessen 2016[14] 
Clinical Orthopaedics 

and Related Research 
USA 

case-control 

study 
572/748 Mean 54 NA NA NA NA 

15 Flynn 2000[15] 
Foot & Ankle 

International 
Puerto Rico 

retrospective 

cohort study 
66/32 Mean 48·08 (18–85) NA NA NA NA 

16 Sun 2017[16] 
International Journal of 

Surgery 
China 

case-control 

study 
673/574 44·1±14·4 (18–81) NA Mean 24·64 NA NA 

17 Alzahrani 2018[17] 
Journal of Orthopaedics 

and Traumatology 
Canada 

retrospective 

cohort study 
74/28 34·9±12·8 NA NA NA NA 

18 Basques 2015[18] 
Journal of Orthopaedic 

Trauma 
US 

case-control 

study 
222/297 52·3±15·8 NA 29·2±7·9 NA NA 

19 Blair 2016[19] 
Journal of Orthopaedic 

Trauma 
US 

retrospective 

cohort study 
156/28 Mean 42·21 NA NA NA NA 

20 Bone 1997[20] 
The Journal of Bone 

and Joint Surgery 
USA 

retrospective 

cohort study 
28/19 

GS 35·5±11·87 (21–57) 

ConS 37·66±17·87 (18–

72) 
Total 36·83±15·73 (18–

72) 

NA NA NA NA 

21 Branch 2015[21] 
The American Journal 

of Surgery 
USA 

retrospective 

cohort study 
6900/2506 Mean 29 

White (5708) 
black (2326) 

others (1372) 

NA NA NA 

22 Chu 2018[22] 
Tzu Chi Medical 

Journal 
Taiwan 

retrospective 

cohort study 
82/38 Mean 47·95 NA NA NA NA 

23 Donohue 2016[23] 
Journal of Orthopaedic 

Trauma 
US 

retrospective 

cohort study 
186/142 Mean 42·19 (18–97) NA NA NA NA 

24 
Enninghorst 

2011[24] 
the Journal of Trauma Australia 

case-control 

study 
66/23 41±7 NA NA NA NA 

25 Haller 2019[25] 
Journal of Orthopaedic 

Trauma 
US 

case-control 

study 
370/148 Mean 43·45 (18–81) NA NA NA NA 
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26 Kim 2018[26] 
International 

Orthopaedics 
South Korea 

case-control 

study 
14/59 Mean 69·75 (43–87) NA Mean 25·54 NA NA 

27 Kuklo 2008[27] 

The Journal of bone 

and joint surgery· 
British volume 

USA 
retrospective 

cohort study 
129/0 Mean 26·6 (20–42) NA NA NA NA 

28 McDonald 2018[28] 
Foot & Ankle 

International 
USA 

case-control 

study 
129/152 Median 51 (39–63) NA 

Median 28·8 

(26·3–33·3) 
NA NA 

29 
Moghaddam 

2011[29] 
Injury Germany 

prospective 

cohort study 
61/24 

GS 46±12 (22–79) 
ConS 41±18 (18–84) 

Total 44±15 (18–84) 

NA NA NA NA 

30 Momaya 2016[30] Injury US 
case-control 

study 
341/191 47·76±15·2 (20–89) 

Black (178) 

Other (11) 

White (343) 

NA NA NA 

31 Morris 2013[31] 
Journal of Orthopaedic 

Trauma 
US 

case-control 

study 
193/109 45·7±14·3 (19–76) 

White (257) 

non-white (45) 
NA NA NA 

32 Murray 2013[32] 
The Journal of bone 
and joint surgery· 

American volume 

UK 
case-control 

study 
678/263 Mean 36·8 (18–94) NA NA NA NA 

33 Ozbek 2017[33] World Neurosurgery Turkey 
prospective 
cohort study 

53/21 Mean 38·98 NA Mean 26·87 NA NA 

34 Shah 2014[34] 
Journal of Orthopaedic 

Trauma 
US 

retrospective 

cohort study 
130/52 Mean 44·74 (18–77) NA NA NA NA 

35 Singh 2018[35] 
Indian Journal of 

Orthopaedics 
Singapore 

case-control 

study 
111/8 Mean 38·2 (18–70) 

Chinese (68) 
Malay (18) 

Indians (27) 

Others (6) 

NA NA NA 

36 Snall 2015[36] 
Medicina oral, 

patologia oral y cirugia 

bucal 

Finland 
prospective 
randomised 

study 

36/1 Mean 28 (18·1–50·9) NA NA NA NA 

37 Zumsteg 2014[37] 
Journal of Hand 

Surgery-American 

Volume 

US 
case-control 

study 
NA NA NA NA NA NA 

38 Assous 2001[38] Injury UK case series NA Mean 35 (18–52) NA NA NA NA 

39 Hoffmann 2013[39] 
Journal of Orthopaedic 

Surgery and Research 
USA 

retrospective 

cohort study 
49/57 Mean 54 (18–95) NA 

Mean 29·8 

(17–67) 
NA NA 

40 Li 2017[40] 
International 

Orthopaedics 
China 

case-control 

study 
247/123 Mean 46·19 (19–79) NA NA NA NA 

41 Lin 2013[41] 

European Journal of 

Orthopaedic Surgery & 

Traumatology 

USA 
case-control 

study 
170/81 Mean 42·98 (18–78) NA NA NA NA 

42 McGarvey 2006[42] 
Foot & Ankle 

International 
US case series 24/7 Mean 41·5 (19–64) NA NA NA NA 

43 Minhas 2019[43] 
Journal of Hand 

Surgery (American 
US 

retrospective 
cohort study 

2531/975 NA 
Caucasian ethnicity 

(2976) 
NA NA NA 
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Volume) non-Caucasian 
(530) 

44 Korim MT 2014[44] 
The Bone & Joint 

Journal 
UK 

case-control 
study 

NA Mean 51 (18–100) NA NA NA NA 

45 Ren 2015[45] Clinics China 
case-control 

study 
NA NA NA NA NA NA 

46 Spross 2012[46] 
Clinical Orthopaedics 
and Related Research 

Switzerland 
retrospective 
cohort study 

4/18 Mean 75 (42–93) NA NA NA NA 

47 Benedick 2020[47] 
Foot & Ankle 
International 

US 
retrospective 
cohort study 

446/457 45·3±16·3 

White (570) 

Black (267) 
Hispanic (58) 

Other (5) 

31·3±8·0 NA NA 

48 Esposito 2019[48] 
Journal of Orthopaedic 

Trauma 
US 

case-control 

study 
384/197 median 45 (IQR 35–55) NA 

Median 27 

(IQR 24–31) 
NA NA 

49 Ogihara 2019[49] World Neurosurgery Japan 
case-control 

study 
331/292 Mean 63·0 (18–97) NA Mean 22·59 NA NA 

50 Li 2020[50] Orthopaedic Surgery China 
retrospective 

cohort study 
117/98 48·5±3·6 NA NA NA NA 

51 Ahmed 2018[51] 
Journal of Orthopaedic 

Trauma 
Egypt case series 12/6 42·17±6·82 (33–55) NA NA NA NA 

52 Ukai 2020[52] J Orthop Traumatol Japan 
case-control 

study 
81/29 Mean 44·5 (18–84) NA Mean 23·22 NA NA 

53 Olson 2020a[53] Injury US 
retrospective 

cohort study 
262/139 46±14 (18–87) 

White (329) 
other/nonidentified 

(24) 

Hispanic/Latino 
(20) 

Black (20) 

Asian (8) 

27±6 (24–30) NA NA 

54 
Subramanyam 

2021[54] 
Injury India 

case-control 

study 
81/19 38·06±13·98 NA NA NA NA 

55 
Mardanpour 

2020[55] 
International Journal of 

Surgery Open 
Iran, US 

case-control 
study 

512/276 Mean 47·5 (20–70) NA NA NA NA 

56 Tan 2021[56] 
International 

Orthopaedics 
China 

case-control 

study 
483/337 51·3±14·4 (18–92) NA NA NA NA 

57 Zhu 2021[57] 
BMC Musculoskeletal 

Disorders 
China 

case-control 
study 

193/171 53·7±17·0 NA 25·6±4·1 NA NA 

58 Olson 2020b[58] JSES International US 
case-control 

study 
95/69 Mean 44·9 NA Mean 30·5 NA NA 

Note: M: male; F: female; SD: standard deviation; BMI: bone mineral density; GS: smoking group; ConS: control group in smoking comparison; GA: alcoh

ol drinking group; ConA: control group in alcohol drinking comparison; NA: not available; IQR: Interquartile range.  
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S5b. Summary of 58 studies for the quantitative synthesis (part 2) 

No 

First author/ 

Publication 

year 

Inclusion and exclusion criteria 

type of fracture 

(traumatic/non-

pathological/non-

metastatic fracture, 

etc) 

Non-

pathological 

fracture or 

unclear 

Fracture 

location 
Diabetes 

Use of 

NSAIDs 

Use of fluoro-

quinolone 

family of 

antibiotics 

1 Askew 2011 

Inclusion criteria: 
Patients between the ages of 28 and 89 were treated operatively at the 

Omaha Veterans Affairs Medical Center between 1994 and 2000 for 

fractures of the femur and tibia shaft. 
Exclusion criteria: 

1. patients who lost to follow up, 

2. patients who died prior to fracture healing 
3. pathological fractures 

Non-pathological 
fracture 

Non-

pathological 

fracture 

Femur, Tibia, 
Fibula 

NA NA NA 

2 Bai 2019 

Inclusion criteria: 

(From March 2014 to February 2018) All patients aged 18 or older 

with acute distal femur fractures (AO/OTA 33) treated by ORIF with 
screws/plates or only screws were included. 

Exclusion criteria: 

1. age <18 years 
2. pathologic fractures 

3. metastatic fracture 

4. patients who had implant removal only 
5. patients who underwent surgical treatment of distal femur fracture 

at an outside hospital or who presented with surgical site infection 

after being treated at another hospital 

6. those with incomplete data. 

Non-pathological 
fracture, non-

metastatic fracture 

Non-
pathological 

fracture 

Femur Total (65) NA NA 

3 Ding 2014 

All patients who were treated for a humeral diaphyseal fracture at our 

institution from January 2005 through January 2011 were 
retrospectively identified by use of our 

electronic database.  

Inclusion criteria were: 
1. patients who underwent surgical fixation of a humeral 

diaphyseal fracture during the study period; 

2. age 18 years or greater; 
3. at least 9 months of clinical and radiographic follow-up. 

Exclusion criteria were: 

1. patients who presented with wound and/or bone infection; 
2. fractures treated non-operatively;  

3. pathological fracture due to metastatic bone tumor. 

Non-pathological 

fracture due to 

metastatic bone tumor 

Non-

pathological 

fracture 

Humerus Total (50) NA NA 

4 Kent 2015 

Inclusion criteria: 
All adult patients with a distal third tibial fracture treated with a 

locking plate between 01/01/2008 and 31/12/2011 at our institution 

with outpatient follow-up to the point of fracture union and discharge 

Non-pathological 

fracture 

Non-

pathological 
fracture 

Tibia 

GA (0)/ConA 
(1) 

GS (0)/ConS 

(1) 

NA NA 



64 

 

were included. 
These patients were identified from the theatre register and trauma 

database. Data was also collected from case notes and the PACS 

system and the Trauma and Orthopaedic Medical Information Officer 
collated the monetary and resource allocation data from the hospital 

finance department 

Exclusion criteria: 
1. patients<18 years of age 

2. patients with pathological fractures 

Total (1) 

5 Liu 2015 

Inclusion criteria: 

1. patients≥18 years of age 
2. a fracture in the middle three-fifths of clavicle 

3. no fracture in other parts of body 

4. nonoperative treatment (brace or sling) until either confirmed 
fracture-healing or the development of nonunion 

5. adequate documentation of demographic details and clinical and 

radiographic follow-up until fracture-healing or the development of 
nonunion 

Exclusion criteria: 

1. no demographic data could be gained during the follow-up study 
2. incomplete clinical or demographic data 

3. lost to follow-up before fracture union was determined 

4. patients who underwent operative treatment after nonoperative 
treatment (within two weeks of injury), including (1) skin or 

neurovascular compromise, (2) pathological fracture, floating 
shoulder, or other multifocal shoulder girdle injury, (3) a request by 

the patient, (4) a decision of the treating surgeon. 

5. patients who underwent early operative treatment from two to 24 
weeks after injury before the development of definite nonunion. 

Non-pathological 

fracture 

Non-
pathological 

fracture 

Clavicle NA NA NA 

6 Ma 2017 

Inclusion criteria: 

Adult patients (18 years or older) with acute close tibial plateau 

fractures treated with ORIF at the 6th Hospital of Xinjiang Medical 
University from January 2012 to February 2017 were included in this 

study.  

The exclusion criteria: 
1. patients<18 years 

2. pathological fractures 

3. periprosthetic fractures 
4. old fractures (>21 days from initial injury) 

Non-pathological 

fracture, non-

periprosthetic fracture, 
and non-old fracture 

Non-
pathological 

fracture 

Tibia Total (20) NA NA 

7 
Mckissack 

2019 

Inclusion criteria: 

A retrospective chart review of patients age 18 years and older who 
underwent ORIF for a medial malleolar, lateral malleolar, posterior 

malleolar, bimalleolar, or trimalleolar ankle fracture at a single 

institution between 2008 and 2018 was conducted. Patients were 
selected using Current Procedural Terminology (CPT) codes 27766, 

NA Unclear Ankle NA NA NA 
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27769, 27784, 27792, 27814, 27822, and 27829.  
(Note: CPT code mentioned above is a medical procedural code under 

the range - Fracture and/or Dislocation Procedures on the Leg (Tibia 

and Fibula) and Ankle Joint.) 
Exclusion criteria: 

1. patients with polytraumatic injuries 

2. open fractures 
3. pilon fractures 

8 Meng 2018 

Inclusion criteria: 

From the electronic registry system and patients' electronic medical 

records, all adult patients (18 years and older) who had undergone 
ORIF of an ankle fracture from January 

2013 to December 2016 were identified. 

Exclusion criteria: 
1. patients <18 years 

2. pathological fractures 

3. metastatic fracture 
4. old fractures (>21 days from initial injury) 

5. treatments other than ORIF (external fixation, conservative 

treatments, closed reduction and internal fixation, traction). 

Non-pathological 

fracture, non-
metastatic fracture, 

and non-old fracture 

Non-

pathological 

fracture 

Ankle Total (155) NA NA 

9 Ovaska 2013 

Inclusion criteria: 

All patients who had undergone surgery to treat an ankle fracture at 

our institution from January 2006 through December 2009 were 
identified by querying the hospital surgical procedure database for 

diagnoses coded with International Classification of Diseases, Tenth 

Revision (ICD-10), for fibular fracture (S82.4), medial malleoiar 

fracture (S82.5), lateral malleoiar fracture (S82.6), and bimalieolar or 

trimalleolar fracture (S82.8) and for procedure codes for internal or 

external fixation of ankle fractures. Eligible surgical procedures were 
restrirted to those performed primarily at our institution in patients 

eighteen years of age or older. We identified 1923 ankle fracture 

operations in 1915 patients who were all definitively treated with open 
reduction and internal fixation (ORIF). 

Exclusion criteria: NA 

NA Unclear Ankle Total (29) NA NA 

10 Parker 2018 

Inclusion criteria: 
The trial recruited adult patients with open fractures of the lower limb 

graded as Gustilo–Anderson11 two or above, all of whom were treated 

in a United Kingdom Major Trauma Centre or Trauma Unit with joint 
orthopaedic and plastic surgical care. 

Exclusion criteria: NA 

NA Unclear lower limb Total (27) NA NA 

11 Thorud 2017 

Inclusion criteria: 

The present study was a retrospective review of patients aged 18 to 90 
years, selected using the International Classification of Diseases, 9th 

Revision, Clinical Modification (ICD-9-CM), diagnosis codes for 

fractures of the ankle and metatarsals, presenting from January 1, 2006 

Non-pathological 

fracture 

Non-
pathological 

fracture 

Ankle, 

Metatarsals 
Total (36) NA NA 
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to January 1, 2012 to Baylor Scott & White Health Memorial Hospital. 
We included both patients who had undergone operative and 

nonoperative treatment of fracture.  

Exclusion criteria: 
1. patients who died before 18 months after the fracture diagnosis 

2. pathologic fractures 

12 Bowen 2005 

Inclusion criteria: 

The medical records of all patients presenting to a Level I trauma 
center with an acute, traumatic, open fracture of at least one long bone 

between June 1, 2000 and June 1, 2003 were reviewed retrospectively. 

Institutional review board approval was obtained before initiation of 
the study.  

Exclusion criteria: 

1. patients<18 years 
2. patients with preexisting infection 

3. patients who had penetrating trauma 

4. patients receiving antibiotic treatment before the injury for a 
condition not related to the open fracture 

5. patients with open fractures of the hands, feet, spine, and pelvis 

without long bone 
involvement 

6. patients with pathologic fractures. 

Non-pathological 
fracture 

Non-

pathological 

fracture 

long bones 

(leg, thigh, 
forearm, 

upper arm) 

Total (13) NA NA 

13 Chan 2019 

A retrospective analysis of 210 consecutive patients surgically treated 
for tibial plateau fractures at two Level 1 trauma centres (Major 

Trauma Centres) between January 2015 and April 2017 was 

performed. 

Inclusion criteria: 

1. patients over 18 years of age 

2. operative treatment with open reduction internal fixation 
3. a minimum of 6-months follow-up 

Exclusion criteria: 

1. patients under 18 years of age 
2. those treated with circular frames, intramedullary fixation or 

percutaneous screw 

fixation 

NA Unclear Tibia Total (14) NA NA 

14 
Claessen 

2016 

Inclusion criteria: 

We retrospectively reviewed 1380 adult patients who underwent 

surgery for an elbow fracture between January 2002 and July 2014 at 
four area hospitals. Patients were identified using Current Procedural 

Terminology (CPT) codes for elbow fractures (Appendix 1. 

Supplemental materials are available with the online version of 
CORR1.). 

Exclusion criteria: 

1. patients who had prior surgery for an elbow fracture elsewhere 
2. patients who had a fracture through a malignant tumor 

Non-metastatic 

fracture 

Non-

pathological 

fracture 

Elbow Total (143) NA NA 
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3. patients who had a nonunion 
4. patients who had more than one skin incision 

5. patients who died owing to respiratory failure after the surgery. 

15 Flynn 2000 

Inclusion criteria: 

We studied all patients with closed ankle fractures that were treated 

from January 1, 1988 to June 31, 1997. Criteria for inclusion in the 
study was age greater than 18 years, isolated closed lateral malleolar, 

medial malleolar, bimalleolar, or trimalleolar fracture and adequate 

follow-up during the period in which the study was performed. 
Exclusion criteria: 

1. patients with Charcot neuroarthropathy 

2. patients who died 

3. patients who were lost to follow-up during initial treatment 

4. patients who were unable to be contacted for further follow-up. 

NA Unclear Ankle Total (25) NA NA 

16 Sun 2017 

Inclusion criteria: 
All adult patients ≥18 years) undergoing ORIF of a closed ankle 

fracture from July 2015 through January 2017 were identified by 

querying patients' electronic medical records (EMR).  
Exclusion criteria: 

1. patients <18 years 

2. open fractures 
3. pathological fractures 

4. old fractures (>21 days from injury) 

5. other treatments for reduction and fixation of ankle fracture such as 
external fixation, conservative treatments, manual reduction and 

internal fixation and traction et al. 

Non-pathological 
fracture and non-old 

fracture 

Non-
pathological 

fracture 

Ankle Total (84) NA NA 

17 
Alzahrani 

2018 

Inclusion criteria: 
patients age greater than 18 years with a minimum of 12 months of 

clinical follow-up after the index surgery. Surgical indications 

included acute, mid-shaft clavicle fractures with significant shortening 
(> 2 cm) or displacement (> 100% of clavicle width), open fractures, 

impending skin compromise, associated neurological or vascular 

injury and polytrauma patients. 
Exclusion criteria: 

1. patients who required operative treatment for a symptomatic 

nonunion or malunion 
after failed non-operative treatment 

2. pathological fractures 

3. patients with insufficient radiographs that precluded classification 

of the fracture pattern. 

Non-pathological 
fracture 

Non-

pathological 

fracture 

Clavicle NA NA NA 

18 Basques 2015 

Inclusion criteria: 

Patients who underwent ORIF for tibial plateau fracture from 2009 to 
2012 were identified in the ACS-NSQIP database. Tibial plateau 

fracture patients were identified using International Classification of 

NA Unclear Tibia Total (55) NA NA 
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Diseases, ninth Revision, diagnosis codes 823.00, 823.02, 823.10, and 
823.12. Only those who received ORIF for tibial plateau fracture 

[Current Procedural Terminology codes 27535 (unicondylar tibial 

plateau fracture) and 27536 (bicondylar tibial plateau fracture)] were 
included for analysis. 

Exclusion criteria: 

1. patients with incomplete perioperative data 
2. Current Procedural Terminology codes that indicated a surgical 

procedure other than tibial plateau ORIF. 

19 Blair 2016 

Inclusion criteria: 

Skeletally mature patients must have had an acute tibial plateau 
fracture operatively treated with a plate and screw construct or tibial 

shaft fracture operatively treated with an intramedullary rod in the 

setting of acute compartment syndrome (ACS) requiring fasciotomy. 
The diagnosis of ACS 

was made by clinical judgment of the attending orthopaedic surgeon. 

Exclusion criteria: 
1. patients who had an associated vascular injury (ie, Gustilo-

Anderson IIIC open fracture) 

2. patients<18 years of age 
3. patients who had incomplete medical records to determine the time 

at which union or complication occurred 

4. patients who had a tibial plateau fracture definitively treated with 
an implant other than a plate and screw construct or a tibial shaft 

fracture treated with an implant other than an intramedullary rod (eg, 
circular external fixation). 

NA Unclear Tibia NA NA NA 

20 Bone 1997 

Inclusion criteria: 

The criteria for inclusion in the study were an age of at least sixteen 
years, a closed displaced fracture of the tibial diaphysis (from five 

centimeters distal to the tibial tuberosity to seven centimeters 

proximal to the ankle joint), and an absence of associated 
compartment syndrome or neurovascular injury. 

Exclusion criteria: NA 

NA Unclear Tibia NA NA NA 
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21 Branch 2015 

Inclusion criteria: 

Patients were identified using International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD9-CM) codes for open 

femoral fractures 

2. patients ≥418 years old, and underwent ORIF 
(ICD-9 code: 79.35) of the femur at a level I or level II trauma center. 

Exclusion criteria: 
1. patients who were dead on arrival 

2. patients who died in the emergency department 

3. patients whose race/ethnicity was not documented 
4. level III trauma center patients 

5. where the trauma center classification was unknown. 

NA Unclear Femur Total (605) NA NA 

22 Chu 2018 

Inclusion criteria: 

1. having a displaced middle-third clavicle fracture (Robinson type 
2B1/2B2) 

2. age between 30 and 65 years 

3. having a complete record of radiographic and functional evaluations 
at regular follow-up periods of at least 6 months. 

Exclusion criteria: 

1. bilateral clavicle fracture 
2. fracture associated with other fractures or major injuries 

3. another trauma at the time of follow-up 

4. initial injury combined with injured skin integrity or skin tenting of 
the fracture fragment. 

NA Unclear Clavicle Total (14) NA NA 

23 
Donohue 

2016 

Inclusion criteria: 
patients with femoral (OTA 32) or tibial (OTA 42)16 shaft fractures 

who were treated with reamed, statically locked intramedullary rod 

fixation were identified, and their electronic medical records were 
screened to identify patients who were skeletally mature. Both open 

and closed fractures were included. 

Exclusion criteria: 
1. 1-year follow-up data were not available 

2. an NSAID other than ketorolac was administered. 

NA Unclear Femur，Tibia Total (46) 

received 

ketorolac in 
the 

postanesthesia 

care unit or on 
the ward 

within the 

first 24 hours 
after the 

surgical 

procedure 
GS (32) ConS 

(53) 

Total (85) 

NA 
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24 
Enninghorst 

2011 

Inclusion criteria: 

A 36-month prospective cohort study was performed between January 
1, 2007, and December 31, 2009, at the John Hunter Hospital 

(University of Newcastle affiliated Level 1 trauma center) in New 
South Wales, Australia. Consecutive adult (age 18 years) blunt trauma 

patients with open tibia shaft fractures (Orthopedic Trauma 

Association code 42A, B, and C) were included in this observational 
study. 

Exclusion criteria: NA 

NA Unclear Tibia NA NA NA 

25 Haller 2019 

Inclusion criteria: 
Patients greater than 18 years of age with a minimum of 12-month 

follow-up. Medical records were reviewed for demographic data 

including age, sex, tobacco use, and mechanism of injury. 

NA Unclear Tibia Total (31) NA NA 

26 Kim 2018 

Inclusion criteria: 

From January 2009 to December 2015, 86 patients (86 fractures) who 
had been operatively treated for distal femur fractures (AO/OTA type 

33) caused by low-energy trauma were retrospectively recruited 

from five secondary or tertiary trauma centres (Seoul Medical Center, 
Ajou University Hospital, Hanyang University Hospital, Kangnam 

Sacred Heart Hospital, and Hallym Sacred Heart Hospital) of South 

Korea. A low-energy trauma was defined as a fall from a standing 
height or less. 

Exclusion criteria: 

1. patients who had associated injuries occurring at the affected leg or 
pelvis or sustained a periprosthetic fracture around hip prostheses 

2. patients due to a previous experience of fracture or infection of the 

effected femur 
(no pathologic fractures from metastatic malignancies were found) 

3. patients who experienced a peri-plate fracture after a ground-level 

fall prior 
to bone healing within six weeks following surgery 

4. a new trauma is responsible for the need for further surgery 

5. patients who were lost to follow-up before bony union 
6. patients with insufficient data. 

Non-prosthetic 

fracture, Non-
pathological fracture 

Non-

pathological 
fracture 

Femur Total (22) NA NA 

27 Kuklo 2008 

Inclusion criteria: 

Between March 2004 and March 2005, 138 Gustilo-Anderson type 

IIIB and IIIC segmental tibial fractures in 138 soldiers returning from 
Iraq were treated at the Walter Reed Army Medical Centre. 

Exclusion criteria: 

1. patients with a head injury 

2. patients who were lost to follow-up 

NA Unclear Tibia NA NA NA 

28 
McDonald 

2018 

Inclusion criteria: 

Patients with an isolated, closed ankle fracture (AO fracture 
classification 44-A and 44-B) definitively managed with ORIF were 

Non-pathological 

fracture 

Non-

pathological 
fracture 

Ankle Total (27) NA NA 
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included. 
Exclusion criteria: 

1. patients with pilon fractures, open injuries, polytrauma with other 

lower extremity fractures 
2. pathological fractures 

3. allergy to ketorolac 

4. renal insufficiency 

29 
Moghaddam 

2011 

Inclusion criteria: 
all consenting patients over 18 years of age exhibiting radiological 

evidence of a tibial shaft fracture were considered for inclusion in this 

study. 
Exclusion criteria: 

1. any fracture line that extended proximally to the knee joint or 

distally to the ankle joint 
2. multiple traumas 

3. significant soft-tissue damage 

4. injuries other than a lower leg fracture 
5. type III open fracture according to the Gustilo classification 

NA Unclear Tibia Total (1) NA NA 

30 
Momaya 

2016 

Inclusion criteria: 

1. articular fracture (AO/OTA B/C) 
2. age >19 years. 

Exclusion criteria: 

1. patients who were: pregnant 
2. patients who had insufficient documentation for review 

3. patients who transferred following any surgery other than damage 

control orthopaedic procedures. 

NA Unclear Tibia Total (69) NA NA 

31 Morris 2013 

Inclusion criteria: 

A total of 302 patients aged 18 years and older were identified as 
undergoing operative fixation during this time period and were 

included in the study. 
Exclusion criteria: NA 

NA Unclear Tibia Total (22) NA NA 

32 Murray 2013 

Inclusion criteria: 
1. a fracture in the middle three-fifths of the clavicle 

2. complete displacement of the main fragments with no cortical 

contact 
3. initial nonoperative treatment until either confirmed fracture-

healing or the development of 

nonunion, using criteria stipulated below 
4. adequate documentation of demographic details and clinical and 

radiographie follow-up until fracture healing or the development of 

nonunion. 
Exclusion criteria: 

1. documentation of demographic data was missing and we had been 

unable to gain further information during the follow-up study 
2. incomplete documentation of clinical and/or radiographic outcome 

Non-pathological 
fracture 

Non-

pathological 

fracture 

Clavicle NA NA NA 
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3. patients who were lost to follow-up before union status was 
determined 

4. patients who underwent primary operative treatment (within two 

weeks of injury), which was performed as a result of skin or 
neurovascular compromise 

5. pathological fracture 

6. floating shoulder 
7. other multifocal shoulder girdle injury 

8. a request by the patient 

9. a decision of the treating surgeon 
10. patients who underwent early operative treatment from two to 

twenty-four weeks after injury (at their request or as a result of a 

decision of the surgeon) before the development of definite nonunion. 

33 Ozbek 2017 

Inclusion criteria: 
1. Fractures after acute trauma 

2. Type A3 and A4 fractures (according to AO classification) 

Exclusion criteria: 
1. Osteoporosis (T-score [BMD] <-2.5 SD) 

2. Pathologic fracture; History of malignancy 

3. Neurological damage 
4. Decompression with laminectomy 

5. Multiple level fractures 

6. Other trauma in addition to spinal trauma 
7. Younger than 20 years and older than 60 years old 

8. Nonintact bilateral pedicle 
9. Comorbidity (diabetes, chronic kidney failure, steroid use) 

Non-osteoporotic 

fracture, Non-

pathological fracture, 
Non-metastatic 

fracture 

Non-

pathological 
fracture 

T11, T12, L1, 

and L2 
vertebrae 

Total (0) NA NA 

34 Shah 2014 

Inclusion criteria: 

1. aged >18 years 

2. OTA classification 41C and 43C fractures treated with 2-staged 
provisional external fixation followed by delayed open reduction 

internal fixation 

3. patients with follow-up available through radiographic healing. 
Exclusion criteria: 

1. patients whose injury was associated with compartment syndrome 

requiring fasciotomy 
2. patients who had follow-up of less than 3 months. 

NA Unclear Tibia Total (22) NA NA 

35 Singh 2018 

Inclusion criteria: 

adults (age ≥18 years) with open diaphyseal tibial fractures who 
presented during the study. Patients were identified through operative 

records as well as in-house electronic discharge coding.  

Exclusion criteria: 
Patients with delayed presentations (i.e., referrals from other local and 

overseas centers)  

NA Unclear Tibia NA NA NA 

36 Snall 2015 
Inclusion criteria: 

patients aged 18 years or more who had participated in a randomised 
NA Unclear Mandible NA NA NA 
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study aimed at clarifying the benefits of dexamethasone on pain, 
oedema and nausea after open reduction and fixation of a facial 

fracture. 

Exclusion criteria: 
1. patients with infected fractures 

2. a history of liver or kidney dysfunction 

3. a history of peptic ulcer 
4. a history of psychosis due to steroid use 

5. pregnancy 

6. breastfeeding or allergy to any constituent of the dexamethasone 
preparation used. 

37 Zumsteg 2014 

Inclusion criteria: 

1. patients 18 years of age and older 

2. presence of an open fracture of the radius and/or ulna 
3. availability of accurate information regarding time of injury and 

clinical care within the medical record.  

Exclusion criteria: 

1. patients with ballistic injuries or traumatic amputations 

2. patients with inadequate information in the medical record 

NA Unclear Radius, Ulna Total (16) NA NA 

38 Assous 2001 

Inclusion criteria: 

Clinical notes of the last 40 patients who had internal fixation of the 
Os clacis were reviewed. The age of patients ranged from 18 to 52 

years (mean 35 years). 

Exclusion criteria: NA 

NA Unclear Calcaneus Total (2) NA NA 

39 
Hoffmann 

2013 

Inclusion criteria: 

All patients with supracondylar femoral fracture treated with locked 

plate fixation and age equal to or older than 18 years were included in 

this study.  

Exclusion criteria: 
1. patients with intramedullary fixation 

2. patients with metastatic disease 
3. impaired lower extremity motor or nerve function prior to injury 

4. supplemental methods for bone healing 

Non-metastatic 

fracture 

Non-

pathological 
fracture 

Femur Total (21) NA NA 

40 Li 2017 

Inclusion criteria: 

Our investigation retrospectively identified patients 18 years or older 
with acute tibial plateau fractures treated by ORIF at our trauma and 

emergency center from January 2015 to June 2016, with post-

operative follow-up ranged from two to 12 months. Patients with 
complete follow-up data could be included in this study.  

Exclusion criteria: 

1. patients younger than 18 years 
2. fractures around the prosthesis 

3. pathological fractures 

4. old fractures (>21 days from initial injury). 

Non-periprosthetic 
fracture, non-

pathological fracture 

Non-
pathological 

fracture 

Tibia Total (22) NA NA 
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41 Lin 2013 

Inclusion criteria: 
we retrospectively identified patients who had sustained an intra-

articular fracture of the proximal tibia as well as received ORIF for 

treatment by querying the Hospital Medical Informatics database for 
admissions coded with International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) procedure codes. 

Eligible operations were restricted to those performed by an 
orthopedic surgeon in patients 18 years of age or older. Three hundred 

and twenty-seven consecutive patients with tibial plateau fractures 

(332 cases) who underwent ORIF between January 2004 and 
December 2010 were identified. 

Exclusion criteria: 

1. patients who had <6 months follow-up 
2. patients who died of polytrauma after definitive fixation 

3. patients who had insufficient medical record data. 

NA Unclear Tibia Total (19) NA NA 

42 
McGarvey 

2006 

No inclusion or exclusion criteria 

A subset of patients was collected prospectively between October of 
1998 and January of 2003. All fractures of the calcaneus were treated 

at our institution by one surgeon (WCM). Thirty-three fractures in 31 

patients were treated with indirect reduction and external fixation. The 
average age of the 24 men and seven women at the time of injury was 

41.5 (19 to 64) years 

NA Unclear Calcaneus Total (1) NA NA 

43 Minhas 2019 

Inclusion criteria: 
Patients undergoing operative fixation were identified through 

Current Procedural Terminology (CPT) codes. These included open 

and percutaneous stabilization of metacarpal fractures or metacarpal 

fracture-dislocations (CPT 26615, 26650 26665, 

26676, 26685, and 26686) and open and percutaneous stabilization of 

proximal and middle phalanx fractures or fracture-dislocations (CPT 
26706, 26715, 26717, 26727, 26735, 26746, 26776, and 26785). 

Exclusion criteria: 

1. Distal phalanx fractures 
2. Polytrauma patients 

NA Unclear 
Metacarpal, 

phalanx 
Total (192) NA NA 

44 
Korim MT 

2014 

Inclusion criteria: 

Patients who underwent ORIF of a fracture of the ankle between April 
2010 and February 2013 were identified from the trauma database. 

Exclusion criteria: 

1. patients aged < 18 years old 
2. patients with a fracture of the tibial plafond. 

NA Unclear Ankle Total (10) NA NA 

45 Ren 2015 

Inclusion criteria: 

1. patient age of 18 years or greater 

2. patients who underwent surgical fixation of a pilon fracture during 
the study period 

3. at least 12 months of clinical and radiographic follow-up. 

Exclusion criteria: 

Non-metastatic 
fracture 

Non-

pathological 

fracture 

Tibia NA NA NA 
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1. pregnancy 
2. lactation 

3. sepsis 

4. human immuno-deficiency virus-1 (HIV) infection 
5. any site infection within the past thirty days 

6. patients who underwent initial fracture surgery at an outside 

hospital or presented with SSIs after being treated at another hospital 
7. metastatic fractures 

8. death within 30 days of initial surgery 

9. severe concomitant disease of other systems. 

46 Spross 2012 

Inclusion criteria: 
a traumatic Neer Group VI fracture treated either by the PHILOS1 

plate or primary HA and a minimum of 12 months follow-up. 

Exclusion criteria: NA 

traumatic fracture 

Non-

pathological 

fracture 

Humerus NA NA NA 

47 
Benedick 

2020 

Inclusion criteria: 

1. age 18 years or older at the time of injury 

2. patients who sustained an Orthopaedic Trauma Association (OTA) 
44B or 44C9 torsional ankle fracture 

3. patients who underwent fixation of their ankle fracture 

4. patients who had at least 6 weeks of clinical follow-up from the date 
of surgery. 

Exclusion criteria: 

Patients with missing data regarding intraoperative lower extremity 
tourniquet use 

NA Unclear Ankle Total (125) NA NA 

48 Esposito 2019 

Inclusion criteria: 

1. Patients who underwent operative treatment for 

Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma 

Association (AO/OTA) 43-B and 43-C fractures 

2. patients who were 18 years and older 
Exclusion criteria: 

1. extra-articular AO/OTA 43-A fractures 
2. fractures deemed mainly tibial shaft with extension into the tibial 

plafond 

3. trimalleolar ankle fractures. 

NA Unclear Tibia Total (37) NA NA 

49 Ogihara 2019 

Inclusion criteria: 

In this study, spinal trauma was defined as spinal fracture and/or 

dislocation. 
Patients who had undergone conventional posterior open instrumented 

surgery; 

Exclusion criteria: 
1. patients with pathologic spinal fracture such as tumoral or 

infectious spinal abnormalities 

2. patients who had undergone minimally invasive (MI) surgery with 
percutaneous pedicle screws 

Traumatic fracture, 

non-pathological 
fracture (such as 

tumoral or infectious 

abnormalities) 

Non-
pathological 

fracture 

spine Total (76) NA NA 
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3. patients <18 years and/or who had undergone single-stage anterior-
posterior 

surgery 

50 Li 2020 

Inclusion criteria: 

1. patients with open tibial fracture injury time, first debridement time, 

and complete prognosis data 
2. hospital stay longer than 2 weeks 

3. patients followed for more than 10 weeks. 

Exclusion criteria: 
1. patients with multiple open fractures 

2. patients with amputated open fractures 

3. patients with hyperthyroidism and hematological diseases. 

NA Unclear Tibia Total (22) NA NA 

51 Ahmed 2018 

Inclusion criteria: 
1. pilon fractures with late presentation more than 1 month without 

definitive treatment 

2. management by the Ilizarov fixator 
3. a minimum follow-up of 1.5 years 

Exclusion criteria: 

1. acute fractures 
2. patients who were lost to follow-up 

NA Unclear Tibia 

GS (2), ConS 

(1) 

Total (3) 

NA NA 

52 Ukai 2020 

Inclusion criteria: 

patients with lower limb open fractures of G–A type III who were 
followed up for 

at least 2 years after the surgical procedure. 

Exclusion criteria: 

1. open fractures of the upper limb and foot 

2. closed fractures 

3. open fractures of G–A types I, II, and IIIC 

NA Unclear 
Femur, tibia, 

ankle 
Total (5) NA NA 

53 Olson 2020a 

Inclusion criteria: 
1. patients with diagnosis of a closed complete articular (OTA/AO 

43C1–3) fracture treated with ORIF. 

2. patients 18 years of age and older. 

Exclusion criteria: 

Any simple ankle fractures, extraarticular or partial-articular distal 
tibia fractures, or open 

fractures 

NA Unclear Tibia Total (26) NA NA 

54 
Subramanyam 

2021 

Inclusion criteria: 
1. displaced fractures (any fracture that was displaced by 2 mm or 

more or angulated by 5 °or more on radiographs at pre- sentation was 

diagnosed as a displaced fracture) 

2. skeletally mature patients (more than 18 years of age) 

3. presentation within three days of injury.  
Exclusion criteria: 

1. undisplaced fractures 

Non-pathological 

fracture 

Non-
pathological 

fracture 

Clavicle Total (7) NA NA 
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2. skeletally immature patients (age less than 18 years) 
3. delayed presentation to our department, open fractures, pathological 

fractures, bilateral fractures, and associated other fractures or visceral 

injuries. 

55 
Mardanpour 
2020 

Inclusion criteria: 
adult patients who underwent the ORIF procedure for acetabulum 

fracture at three educational hospitals 

Exclusion criteria: 
1. younger patients <18 years, old patient >70 years 

2. pathological fractures 

3. old fractures more than two weeks after injury 
4. other operation rather than ORIF 

Non-pathological 
fracture 

Non-

pathological 

fracture 

acetabulum NA NA NA 

56 Tan 2021 

Inclusion criteria: 

1. age > 18 years, 
2. diagnosed with closed isolated patella fractures 

3. patients agreed to participate in the study 

4. patients underwent surgical treatment. 
Exclusion criteria: 

1. pathologic fracture 

2. old fractures (> 21 days) 
3. periprosthetic fractures 

4. patients with incomplete data 

5. patients who received SSI treatment in our hospital but did not 
undergo initial surgery 

Non-periprosthetic 

fracture, Non-
pathological fracture 

Non-

pathological 
fracture 

patella Total (64) NA NA 

57 Zhu 2021 

Inclusion criteria: 

1. patients who were 18 years old and over with acute distal femur 

fractures treated by ORIF 

Exclusion criteria: 

1. age less than 18 years old 
2. old fractures (> 21 days from earliest trauma) 

3. pathological fractures 

4. first treatment at other hospitals. 

Non-pathological 

fracture 

Non-
pathological 

fracture 

Femur Total (86) NA NA 

58 Olson 2020b 

Inclusion criteria: 
1. adult patients with humeral shaft fractures who presented to an 

urban level I trauma center 

Exclusion criteria: 
1. periprosthetic or pathological fracture 

2. patients with less than one-year clinical follow-up 

Non-pathological 

fracture, traumatic 

fracture, non-
periprosthetic fracture 

Non-
pathological 

fracture 

Humerus Total (19) NA NA 

Note: NSAIDs: non-steroidal anti-inflammatory drugs; NA: not available; GS: smoking group; ConS: control group in smoking comparison; GA: alcohol drinkin

g group; ConA: control group in alcohol drinking comparison; ORIF: open reduction and internal fixation; BMD: bone mineral density; SD: standard deviation. 
 

 

S5c. Summary of 58 studies for the quantitative synthesis (part 3) 
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No 

First author

/Publication 

year 

Treatment Operative or nonoperative treatment Smoking type Smoking dose 
Smoking g

roup 

Smoking 

Control g

roup 

1 Askew 2011 

1. Dynamic hip screw; 2. ORIF; 3. ORIF/dyn

amic hip screw; 4. gamma long nail; 5. ORIF
/ dynamic condylar screw; 6. retrograde nail; 

7. ORIF/ilizarov external fixation; 8. closed ca

st; 9. ORIF/plate/cable; 10. intramedullary nai
l; 11. iliac crest bone graft /closed rod 

mixture of operative and nonoperative treat

ment 
NA NA 

Smoking hi

story (curre
nt and for

mer smoke

rs) 
 (n=21) 

Non-smoki

ng history 
 (n=9) 

2 Bai 2019 ORIF with screws/plates or only screws operative treatment NA NA 
Smoking 

(n=148) 

Non-smoki

ng 
(n=517) 

3 Ding 2014 
1. Plate fixation 

2. Intramedullary nailing 
operative treatment NA NA 

Smoking hi

story 

 (n=165) 

Non-smoki

ng history 

(n=494) 

4 Kent 2015 locking plate operative treatment NA NA 
Smokers 
(n=12) 

Non-smok

ers 

(n=28) 

5 Liu 2015 treated nonoperatively nonoperative treatment NA NA 
Smokers 

(n=155) 

Non-smok
ers 

(n=649) 

6 Ma 2017 ORIF operative treatment NA NA 
Current sm

oking 

(n=73) 

non-curren
t smoking 

(n=603) 

7 
Mckissack 2

019 
ORIF operative treatment NA NA 

Tobacco us
e 

(n=NA) 

Non-tobac
co use 

(n=NA) 

8 Meng 2018 ORIF operative treatment NA NA 

Current sm

oking 
(n=554) 

Non-curren

t smoking 
(n=2,063) 

9 Ovaska 2013 ORIF operative treatment NA NA 

Tobacco us

e 
(n=64) 

Non-tobac

co use 
(n=198) 

10 Parker 2018 NA NA NA NA 
Smokers 
(n=147) 

Non-smok

ers 

(n=300) 

11 Thorud 2017 operative and nonoperative treatment 
mixture of operative and nonoperative treat

ment 
NA not mentioned 

Active+quit

 smokers 

(n=55) 

Never smo

ked 

(n=85) 

12 Bowen 2005 all fracture care, including surgery 
mixture of operative and nonoperative treat

ment 
NA NA 

Tobacco us
e 

(n=65) 

Non-tobac
co use 

(n=97) 

13 Chan 2019 ORIF operative treatment NA NA 
Smoking 
(n=43) 

Non-smoki
ng 
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(n=101) 

14 
Claessen 201

6 

1. plate and screw fixation 
2. screw alone 

3. tension band wire 

4. radial head arthroplasty 
5. other fixation type 

6. external fixation before surgery 

including radial head arthroplasty, maybe com
bined with fixation, so maybe there is no nee

d to exclude radial head arthroplasty 

operative treatment NA NA 
Smoking 

(n=343) 

Non-smoki
ng 

(n=977) 

15 Flynn 2000 
closed reduction and immobilization and ORI

F. 

mixture of operative and nonoperative treat

ment 
cigarette 

1. no smoking ever 

2. moderate smoking

 (<1 pack per day) 

3. heavy smoking (>

1 pack per day) 

Heavy smo
kers 

(n=16) 

Moderate s
moking 

(n=25) 

Non-smok

ers 

(n=57) 

16 Sun 2017 ORIF operative treatment NA NA 

Current sm

oking 
(n=262) 

Non-curren

t smoking 
(n=985) 

17 
Alzahrani 20

18 
ORIF operative treatment NA NA 

Smokers 

(n=19) 

Non-smok

ers 
(n=83) 

18 
Basques 201

5 
ORIF operative treatment NA NA 

Smoking hi

story 

(n=170) 

Non-smoki

ng history 

(n=349) 

19 Blair 2016 

operatively treated with a plate and screw con

struct 

operatively treated with an intramedullary rod 
in the setting of acute compartment syndrome 

requiring fasciotomy 

operative treatment NA NA 
Smokers 

(n=48) 

Non-smok

ers 
(n=136) 

20 Bone 1997 
closed intramedullary nailing, closed reduction 

and above-the-knee-cast 

mixture of operative and nonoperative treat

ment 
NA NA 

History of 

smoking 
(n=18) 

Non-histor
y of smok

ing 

(n=29) 

21 Branch 2015 ORIF operative treatment NA NA 
Smoking hi

story  

(n=827) 

Non-smoki
ng history 

 (n=8,579) 

22 Chu 2018 ORIF, conservative treatment 
mixture of operative and nonoperative treat

ment 
NA NA 

Smoking 

(n=24) 

Non-smoki
ng 

(n=96) 

23 
Donohue 20

16 

reamed, statically locked intramedullary rod fi

xation 
operative treatment NA NA 

Smoking 

(n=109) 

Non-smoki

ng 
(n=219) 

24 Enninghorst intramedullary nailing mixture of operative and nonoperative treat NA NA Smokers Non-smok
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2011 external fixation 
closed reduction and application of plaster 

percutaneous plating 

ment (n=23) ers 
(n=66) 

25 Haller 2019 NA NA NA NA 

Tobacco us

e 
(n=118) 

Non-tobac

co use 
(n=400) 

26 Kim 2018 minimally invasive lateral locked plating operative treatment NA NA 
Smoking 

(n=5) 

Non-smoki

ng 
(n=68) 

27 Kuklo 2008 ringed fixator or reamed intramedullary nail operative treatment NA NA 
Smokers 
(n=14) 

non-smoke

rs 

(n=115) 

28 
McDonald 2

018 
ORIF operative treatment NA NA 

Current+ f

ormer smo

kers 
(n=73) 

Non-smok
ers 

(n=208) 

29 
Moghaddam 

2011 

Intramedullary nailing; Osteosynthesis plate; E

xternal fixation; Cast 

mixture of operative and nonoperative treat

ment 
cigarette NA 

Current sm

okers and 

previous s
mokers 

(n=46) 

Non-smok

ers 
(n=39) 

30 
Momaya 201

6 
tibial plateau ORIF operative treatment NA NA 

Tobacco us
e 

(n=240) 

Non-tobac
co use 

(n=292) 

31 Morris 2013 splinting or external fixator 
mixture of operative and nonoperative treat

ment 
NA NA 

Smokers 

(n=137) 

Non-smok
ers 

(n=165) 

32 Murray 2013 nonoperative treatment nonoperative treatment NA NA 
Smokers 

(n=219) 

Non-smok

ers 
(n=722) 

33 Ozbek 2017 Fusion operative treatment NA NA 
Smokers 

(n=19) 

Non-smok

ers 
(n=56) 

34 Shah 2014 
2-staged provisional external fixation followed 

by delayed open reduction internal fixation 
operative treatment NA NA 

Smokers 
(n=71) 

Non-smok

ers 

(n=111) 

35 Singh 2018 

Intramedullary fixation; 

Extramedullary fixation;  

External fixation 

operative treatment NA NA 
Smokers 
(n=26) 

Non-smok

ers 

(n=77) 

36 Snall 2015 
Open reduction and fixation with the aid of ti

tanium miniplates 
operative treatment NA NA 

Smokers 

(n=23) 

Non-smok
ers 

(n=14) 

37 
Zumsteg 201

4 
internal fixation 
external fixation 

operative treatment NA NA 
Smokers 
(n=63) 

Non-smok
ers 
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(n=137) 

38 Assous 2001 internal fixation operative treatment cigarette 
from 10 to 40 cigar

ettes per day 

Smokers 

(n=13) 

Non-smok
ers 

(n=27) 

39 
Hoffmann 2

013 
locked plate fixation operative treatment NA NA 

Current+ f
ormer smo

kers 

(n=41) 

Non-smok

ers 
(n=70) 

40 Li 2017 ORIF operative treatment NA NA 

Tobacco co

nsumption 
(n=62) 

Non-tobac
co consum

ption 

(n=308) 

41 Lin 2013 ORIF operative treatment NA NA 
Smokers 
(n=105) 

Non-smok

ers 

(n=151) 

42 
McGarvey 2

006 
indirect reduction and external fixation operative treatment NA NA 

Smokers 

(n=8) 

Non-smok
ers 

(n=23) 

43 Minhas 2019 open and percutaneous stabilization operative treatment NA NA 
Smokers 

(n=1,112) 

Non-smok
ers 

(n=2,394) 

44 
Korim MT 

2014 
ORIF operative treatment NA NA 

Smokers 

(n=18) 

Non-smok

ers 
(n=692) 

45 Ren 2015 
External fixation with limited internal fixation; 

ORIF 
operative treatment NA NA 

Smoking hi

story 

(n=69) 

Non-smoki

ng history 

(n=450) 

46 Spross 2012 
Angular stable reconstruction using the PHILO

S plate 
operative treatment cigarette 

more than 10 cigaret

tes per day 

Smokers 

(n=7) 

Non-smok

ers 
(n=15) 

47 
Benedick 20

20 
fixation operative treatment NA NA 

Tobacco us

e 

(n=402) 

Non-tobac

co use 

(n=501) 

48 
Esposito 201

9 
ORIF operative treatment NA NA 

Smoking 
(n=154) 

Non-smoki

ng 

(n=410) 

49 
Ogihara 201

9 

conventional posterior open instrumented surge

ry 
operative treatment NA NA 

Smoking 

(n=60) 

Non-smoki
ng 

(n=563) 

50 Li 2020 
external fixation 

limited internal fixation 
operative treatment NA NA 

Tobacco us
e 

(n=84) 

Non-tobac
co use 

(n=131) 

51 Ahmed 2018 Ilizarov fixator operative treatment NA NA 
Smoking 

(n=8) 

Non-smoki

ng 
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(n=10) 

52 Ukai 2020 ORIF/external fixation operative treatment NA NA 
Smoking 

(n=56) 

Non-smoki
ng 

(n=58) 

53 Olson 2020a ORIF operative treatment NA NA 
Tobacco us

e 

(n=99) 

Non-tobac
co use 

(n=302) 

54 
Subramanya

m 2021 
eight clavicular brace and broad arm sling nonoperative treatment NA NA 

Smokers 

(n=4) 

Non-smok

ers 
(n=96) 

55 
Mardanpour 

2020 
ORIF operative treatment NA NA 

Current sm

oker 

(n=NA) 

non-curren

t smoker 

(n=NA) 

56 Tan 2021 surgery operative treatment NA NA 

Current sm

oker 

(n=99) 

non-curren

t smoker 

(n=721) 

57 Zhu 2021 ORIF operative treatment NA NA 
Smoking 
(n=50) 

Non-smoki

ng 

(n=314) 

58 Olson 2020b ORIF, conservative treatment 
mixture of operative and nonoperative treatmen

t 
NA NA 

Tobacco us

e 
(n=75) 

Non-
tobacco us

e 

(n=89) 

Note: ORIF: open reduction and internal fixation; NA: not available. 

 

S5d. Summary of 58 studies for the quantitative synthesis (part 4) 

No 

First author

/ 

Publication 

year 

Alcohol type Level of alcohol consumption Alcohol group Alcohol Control 
Follow-up 

mean±SD, range 

At least 1 concur

rent fracture at 

other sites or not 

1 Askew 2011 NA NA 
Alcoholics 

(n=12) 
Never drinking 

(n=17) 
Follow–up was performed 

NA 
No 

2 Bai 2019 NA NA 
Alcohol consumption 

(n=263) 

Non-alcohol consumptio

n 
(n=402) 

NA No 

3 Ding 2014 NA NA 
Drinking 

(n=206) 

Non-drinking 

(n=453) 
Mean 14·8 (9–24) months No 

4 Kent 2015 NA NA 
Alcohol dependency 

(n=6) 

Non-alcohol dependenc
y 

(n=34) 

follow–up to the point of fra
cture union 

33·88±15·91 (8–78) weeks 

No 

5 Liu 2015 NA NA Alcohol Non-alcohol Follow–up was performed No 
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(n=233) (n=571) NA 

6 Ma 2017 NA NA 
Drinking alcohol 

(n=281) 
Non-drinking 

(n=395) 
NA Yes 

7 
Mckissack 2

019 
NA NA NA NA 

2 weeks, 6 weeks, 3 months,

 6 months and 12 months 
No 

8 Meng 2018 NA NA 
Drinking alcohol 

(n=658) 
Non-drinking 

(n=1,959) 
NA Yes 

9 Ovaska 2013 NA NA 
Alcohol abuse 

(n=41) 

Non-alcohol abuse 

(n=221) 
NA No 

10 Parker 2018 NA 

Alcohol intake: 
0–7 units 

8–14 units 

15–21 units 
>21 units 

8–14 units (n=79) 

15–21 units (n=45) 

>21 units (n=51) 

0–7 units 
(n=269) 

1 year No 

11 Thorud 2017 NA NA 
Alcohol history 

(n=37) 

Non-alcohol history 

(n=107) 

Follow–up was performed 

NA 
No 

12 Bowen 2005 NA NA 
Alcohol use 

(n=37) 

Non-alcohol use 

(n=125) 

primary care provider: 486±3
12 (97–1374) days 

Orthopaedics: 354±260 (97–1

374) days 

Yes 

13 Chan 2019 NA ≥14 units per week 
Alcohol over users 

(n=30) 

Non-alcohol over users 

(n=120) 
≥6months No 

14 
Claessen 201

6 
NA NA 

Alcohol abuse 

(n=69) 

Non-alcohol abuse 

(n=1,251) 
at least 4 months No 

15 Flynn 2000 NA 

1. no alcohol consumption ever 

2. moderate consumption (<2 dri

nks per day) 
3. heavy consumption (>2 drinks 

per day) 

Heavy alcohol consumption 

(n=20) 

Moderate drinking 

(n=33) 

Non-alcohol consumptio

n 
(n=45) 

3·5±2·4 years (10 months to 

10 years) 
No 

16 Sun 2017 NA NA 
Alcohol drinking 

(n=251) 
Non-alcohol drinking 

(n=996) 
NA No 

17 
Alzahrani 20

18 
- - - - minimum of 12 months No 

18 
Basques 201

5 
- - - - NA No 

19 Blair 2016 - - - - 
Follow–up was performed 

NA 
No 

20 Bone 1997 - - - - 

GS 4·36±1·49 (2–6·5) years 
ConS 4·33±1·48 (2–6·5) year

s 

Total 4·34±1·47 (2–6·5) year
s 

No 

21 Branch 2015 - - - - NA No 

22 Chu 2018 - - - - at least 6months No 
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23 
Donohue 20

16 
- - - - 1 year Yes 

24 
Enninghorst 

2011 
- - - - 12 months No 

25 Haller 2019 - - - - Mean 27 (12–115) months No 

26 Kim 2018 - - - - 17·3±7·5 (6–44) months No 

27 Kuklo 2008 - - - - Mean 15·6 (12–32) months No 

28 
McDonald 2

018 
- - - - minimum 4 months No 

29 
Moghaddam 

2011 
- - - - 

GS 38 (6–60) months 
ConS 35 (7–60) months 

Total 39 (6–60) 

No 

30 
Momaya 201

6 
- - - - 19·5 months· No 

31 Morris 2013 - - - - 14·1 months No 

32 Murray 2013 - - - - 

Follow–up was continued unt

il clinical and radiographic e

vidence of union 

No 

33 Ozbek 2017 - - - - 33·77 months Yes 

34 Shah 2014 - - - - 12·5 months No 

35 Singh 2018 - - - - 

minimum follow up period w

as 6 months (maximum 72 
months) 

No 

36 Snall 2015 - - - - 6 (3–9) months No 

37 
Zumsteg 201

4 
- - - - at least 6–month No 

38 Assous 2001 - - - - 27 (12–42) months No 

39 
Hoffmann 20

13 
- - - - 23·3 (6–72) months Yes 

40 Li 2017 - - - - (2–12) months No 

41 Lin 2013 - - - - 18 months Yes 

42 
McGarvey 2

006 
- - - - 25 (6–55) months Yes 

43 Minhas 2019 - - - - 
Follow–up was performed 

NA 
No 

44 
Korim MT 2

014 
- - - - minimum of 6 months No 

45 Ren 2015 - - - - 19·1 (12–29) months No 

46 Spross 2012 - - - - a minimum of 12 months No 

47 
Benedick 20

20 
NA NA - - 

47·6 weeks (6 weeks to 10 
years) 

No 

48 
Esposito 201

9 
- - - - NA Yes 

49 Ogihara 201 - - - - minimum of 12 months No 
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9 

50 Li 2020 NA NA 
Alcohol drinking 

(n=52) 
Non-drinking 

(n=163) 
(97–1374) days No 

51 Ahmed 2018 - - - - 

GS 29·88±9·80 (18–45) mont

hs 
ConS 44·5±44·84 (18–168) 

months 

Total 38±34·06 (18–168) mo
nths 

No 

52 Ukai 2020 - - - - Mean 37 (24–119) months Yes 

53 Olson 2020a - - - - median 1·7 (1·1–3·7) years No 

54 
Subramanya

m 2021 
- - - - 1 year No 

55 
Mardanpour 

2020 
- - 

alcohol intake 

(n=NA) 

non-alcohol intake 

(n=NA) 
8·2±4·7 (6–13) months No 

56 Tan 2021 - - 
alcohol consumption 

(n=70) 

non-alcohol consumptio

n 
(n=750) 

NA No 

57 Zhu 2021 - - 
alcohol consumption 

(n=58) 

non-alcohol consumptio

n 
(n=306) 

1 year Yes 

58 Olson 2020b - - 
Alcohol abuse 

(n=74) 

Non-alcohol abuse 

(n=90) 
minimum of 1 year No 

Note: SD: standard deviation; NA: not available. 

Two 17-year-old male non-smokers and a 16-year-old male non-smoker were included in Bone 1997 (study No.20). However, the information of each patient

 was clearly recorded in the table of the original article. Therefore, we excluded the data of these three patients. The data of Bone 1997 in the current basi

c characteristics table is the information of the remaining patients ≥18. 
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Appendix S6. Summary of 45 studies for the qualitative synthesis about the impacts of smoking and alcohol consumption 

Summary of 45 studies for the qualitative synthesis about the impacts of smoking and alcohol consumption was described in Appendix S6a to d. 

S6a. Summary of 45 studies for the qualitative synthesis (part 1) 

No 

First author/ 

Publication 

year 

Journal name country Study design 
Sex 

M/F 

Age/yr  

mean±SD (range) 
Race BMI (kg/m2) 

Height 

(cm) 

Weight 

(kg) 

1 
Arastu 

2013[59] 
International 
Orthopaedics 

England case series 22/9 Mean 45·6 (24–64) NA NA NA NA 

2 
Bhandari 

2004[60] 

Journal of Orthopaedic 

Trauma 
Canada case series 17/13 51·6±15·2 (18–81) NA NA NA NA 

3 Sohn 2015[61] Injury Korea 
retrospective 
cohort study 

30/3 Mean 45·7 (18–70) NA Mean 24·21 NA NA 

4 Unlu 2015[62] 
The Journal of Foot & 

Ankle Surgery 
Turkey case series 12/8 Mean 38 (18–71) NA NA NA NA 

5 
Formica 

2016[63] 
Injury Italy case series 27/16 Mean 44·8 (23–61) NA Mean 26·7 (18·4–33·1) NA NA 

6 
Frantz 

2019[64] 

Current Orthopaedic 

Practice 
USA 

retrospective 

cohort study 
69/66 Mean 40·7 (18–90) NA Mean 29·8 (18·5–74·4) NA NA 

7 
Pastides 

2015[65] 

The Journal of Foot & 

Ankle Surgery 
UK case series 20/10 Mean 39·64 (27–63) NA NA NA NA 

8 
Burnett 

2019[66] 

Techniques in 

Orthopaedics 
USA 

retrospective 

cohort study 
19/6 44·12±19·16 (18–84) NA NA NA NA 

9 
Johnston 

2014[67] 
Hip International England 

retrospective 

cohort study 

NA because data 
included 

hemiarthroplasty 

NA because data included 

hemiarthroplasty 
NA NA NA NA 

10 
Nyquist 

1997[68] 
Alcohol & Alcoholism Sweden 

retrospective 

cohort study 

GA (49/0) 
ConA (150/0) 

Total (199/0) 

GA 44±10 (19–60) 
ConA 37 ± 13 (18–60) 

Total 38·72 

NA NA NA NA 

11 
Tonnesen 
1991[69] 

The Journal of bone 

and joint surgery. 

British volume 

Denmark 
retrospective 
cohort study 

GA (90/0) 

ConA (90/0) 

Total (180/0) 

GA 46±1 

ConA 45±2 

Total 45·5 

NA NA NA 

GA 81±2 
ConA 

80±1 

Total 
80·5 

12 Lin 2018[70] 
The Journal of Foot & 

Ankle Surgery 
China 

retrospective 

cohort study 
99/30 Mean 38·57 NA NA NA NA 

13 
White 

2010[71] 
Journal of Orthopaedic 

Trauma 
Canada case series NA Mean 44 (19–68) NA NA NA NA 

14 
krishnan 
2015[72] 

Craniomaxillofacial 

Trauma and 

Reconstruction 

India 
retrospective 
cohort study 

GS (15/0) 

ConS (18/1) 

GA (26/0) 

GS 36·8±9·6 (20–53) 

ConS 32·74±8·89 (21–50) 

GA 35·11±9·68 (20–53) 

NA NA NA NA 
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ConA (7/1) 
Total (33/1) 

ConA 32·63±8·23 (25–48) 
Total 34·53±9·30 (20–53) 

15 Zura 2016[73] JAMA Surgery USA case-control study 130,378/178,952 44·48±13·68 (18–63) NA NA NA NA 

16 Gaal 2016[74] 
Journal of Oral and 

Maxillofacial Surgery 
USA 

retrospective 

cohort study 
441/69 29·3±11·4 NA 25·22±4·97 NA NA 

17 Sun 2018[75] Medicine China case-control study 843/667 Mean 47·9 (18–86) NA Mean 24·74 NA NA 

18 Zura 2017[76] Bone USA case-control study 15,211/41,281 Mean 74·85 NA NA NA NA 

19 
Boesmueller 

2015[77] 
Injury Australia case-control study 61/93 55·84±16·9 (19–91) NA NA NA NA 

20 
Cook 

1977[78] 

Clinical Orthopaedics 

and Related Research 
US 

mixing of 
prospective and 

retrospective 

cohort study 

53/14 
Tibial shaft fracture 

Mean 33·46 
NA NA NA NA 

21 
Dailey 

2018[79] 
Journal of Orthopaedic 

Trauma 
UK case-control study 739/264 NA NA NA NA NA 

22 
Dingemans 

2018[80] 

International 

Orthopaedics 
Netherlands 

prospective cohort 

study 
75/25 Mean 43·10 NA (16·6–42) NA NA 

23 
Femino 

2010[81] 

The Iowa Orthopaedic 

Journal 
US case series 12/1 Mean 45·1 (26–71) NA NA NA NA 

24 
Giannoudis 

2000[82] 

The Journal of bone 

and joint surgery. 
British volume 

England case-control study 

NA 
because 

description of data 

was wrong 

Mean 37·03 (18–85) NA NA NA NA 

25 
Moghaddam 

2010[83] 
Injury Germany case-control study 

GS (10/4) 
ConS (10/4) 

Total (20/8) 

GS 43·93±12·97 (23–62) 
ConS 51·43±9·67 (41–75) 

Total 47·68±11·86 (23–75) 

NA 

GS 25·54±2·51 (21·1–

29·8) 

ConS 25·11±1·69 (22·7–

27·8) 
Total 25·33±2·11 (21·1–

29·8) 

NA NA 

26 Rose 2007[84] 
Journal of Shoulder 
and Elbow Surgery 

US case series 7/9 Mean 51 (18–78) NA NA NA NA 

27 
Thompson 

2017[85] 

The Journal of Foot & 

Ankle Surgery 
US 

retrospective 

cohort study 
17/47 Mean 49·16 (19–85) NA NA NA NA 

28 Li 2015[86] Surgical Infection China case-control study 225/113 Mean 37·2±8·4 (29–52) NA Mean 22·82 NA NA 

29 Xu 2019[87] 
ANZ Journal of 

Surgery 
China case-control study 273/161 49·6±16·5 (18–79) NA NA NA NA 

30 Zhu 2017[88] 
International Wound 

Journal 
China case-control study 164/71 Mean 45·12 (19–75) NA NA NA NA 

31 
Fourgeaux 
2019[89] 

International 
Orthopaedics 

France case series 20/6 39±16 (21–90) NA NA NA NA 

32 
Hoffmann 

2019[90] 

Journal of Orthopaedic 

Surgery and Research 
Germany 

retrospective 

cohort study 
80/113 Mean 70·2 (19–96) NA Mean 26·7 (15·6–54·7) NA NA 
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33 
Serrano 

2020[91] 

Journal of Orthopaedic 

Trauma 
US case-control study 556/626 Mean 48 (18–101) 

African 
American 

(197) 

Caucasian 
(624) 

Hispanic 

(81) 
Other 

(40) 

Not 
specified 

(239) 

Mean 24 (16–44) NA NA 

34 Hu 2018[92] 
Foot & Ankle 

International 
China case-control study 127/169 48·6±15·2 (20–84) NA 27·3±4·3 NA NA 

35 
Alemdaroglu 

2009[93] 
Injury Turkey case-control study NA Mean 45·3 (19–75) NA NA NA NA 

36 Grun 2020[94] 
Foot & Ankle 

International 
Norway case series 23/2 Mean 44 (21–72) NA NA NA NA 

37 
Vander Voort 

2020[95] 
Iowa Orthop J US case-control study 67/33 43·3±17·4 (18–90) NA 30·2±6·9 NA NA 

38 Baris 2020[96] 

Acta Orthopaedica et 

Traumatologica 
Turcica 

Turkey 
retrospective 

cohort study 
41/19 45·3±14·9 (18–75) NA NA NA NA 

39 
O'Halloran K 

2016[97] 
Clin Orthop Relat Res US case-control study 289/93 Mean 39·3 (18–85) 

White 

(232) 

Nonwhite 

(150) 

NA NA NA 

40 
Naumann 
2016[98] 

Foot and Ankle 
Surgery 

Norway case-control study 245/322 53·2±15·1 (18·1–86·2) NA NA NA NA 

41 
Kawasaki 

2021[99] 

Eur J Orthop Surg 

Traumatol 
Japan case-control study 184/74 Mean 45·8 (29–61) NA 23.26 NA NA 

42 
Ahmed 

2020[100] 

Medical Forum 

Monthly 
Pakistan case series 55/5 37·17±13·5 NA NA NA NA 

43 
Cammas 

2020[101] 
Acta Orthop. Belg Belgium case series 187/246 Mean 51 (18–91) NA Mean 27 (16·8–53·1) NA NA 

44 
Halonen 

2021[102] 
Injury Finland case-control study 315/680 Mean 80·5 (29–104) NA NA NA NA 

45 
Goudie 

2021[103] 
The Journal of Bone 

and Joint Surgery 
UK case-control study 547/1683 median 72, 73 NA NA NA NA 

Note: M: male; F: female; SD: standard deviation; BMI: body mass index; NA: not available; GS: smoking group; ConS: control group in smoking compari
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son; GA: alcohol drinking group; ConA: control group in alcohol drinking comparison. 

 

S6b. Summary of 45 studies for the qualitative synthesis (part 2) 

No 

First 

author/ 

Publication 

year 

Inclusion and exclusion criteria 

type of fracture 

(traumatic/non-

pathological/non-

metastatic fracture, etc) 

Non-

pathological 

fracture or 

unclear 

Fracture 

location 
Diabetes 

Use of 

NSAIDs 

Use of fluoro-

quinolone 

family of 

antibiotics 

1 Arastu 2013 

Inclusion criteria: 
Between January 2000 and December 2012, 31 patients with 

displaced intra-articular calcaneal fractures not deemed 

suitable for an extensile lateral approach and internal fixation 
were identified. They were treated with MIRF by a single 

surgeon (senior author) in a Level 1 trauma centre.  

Exclusion criteria: 
Sanders type IV fractures 

NA Unclear Calcaneus Total (2) NA NA 

2 
Bhandari 

2004 

Inclusion criteria: 

1. age 18 years or older 
2. isolated injury to the ankle 

3. unstable ankle fracture (OTA 44B, Weber type B) requiring 

operative fixation 
4. patient consent 

Exclusion criteria: 

1. patients with multiple fractures 

2. patients who were deemed incapable of completing quality 

of life questionnaires because of factors such as cognitive 

impairment or 
inability to communicate in English. 

NA Unclear Ankle Total (2) Total (2) NA 

3 Sohn 2015 

Inclusion criteria: 

1. patients who are skeletally mature (age≥18 years) 

2. patients with a displaced clavicular midshaft fracture (no 
cortical contact between medial and distal fragment and/or 

more than 2-cm shortening) 

3. patients who were underwent operation with superior 
plating by either open plating with interfragmentary screw 

fixation or minimally invasive plate osteosynthesis (MIPO) 

4. patients who were followed up during a minimum 1-year. 

Exclusion criteria: 

1. age more than 70 years. 
2. fractures more than 3 weeks between the injury and the 

operation. 

3. open fractures. 

Non-pathological fracture 

Non-

pathological 
fracture 

Clavicle Total (4) NA NA 
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4. pathologic fractures. 
5. previous morbidity of the affected upper extremity, 

including shoulder girdle. 

6. bilateral clavicle fractures at the initial trauma or previous 
fracture history of the contralateral clavicle. 

7. presence of neurovascular compromise from the initial 

trauma. 

4 Unlu 2015 

Inclusion criteria: 
patients treated in our clinic from April 2009 to January 2011 

for distal fibular and tibial fractures at the same level were 

included in the present study.  
Exclusion criteria: 

1. patients with grade III open fractures and multiple 

fragments at the medial distal tibia 
2. patients with a medial malleolus fracture, patients who had 

undergone fixation with a low-profile medial distal tibial plate 

3. patients with accompanying injuries. 

NA Unclear Fibula and tibia Total (2) NA NA 

5 
Formica 

2016 

Inclusion criteria: 

Seventy-six consecutive patients affected by thoracolumbar 

fractures from January 2012 to December 2013 were included 
in the study. Indications for management with intermediate 

screws were: 

1. fresh burst unstable fractures (AO-type A3, A4) or 
combined 

fractures with posterior ligamentous complex injuries (AO-

type B2) 

2. thoracolumbar fractures between T9 and L4 

3. integrity of the pedicles at the fracture level allowing for the 

insertion of the bilateral intermediate screws.  
Exclusion criteria: 

1. stable thoracolumbar fracture (AO-type A1, A2) 

2. vertebral injury pattern involving the pedicles 
3. skeletal immaturity or osteoporotic vertebral fractures. 

NA Unclear Thoracolumbar Total (5) NA NA 

6 Frantz 2019 

Inclusion criteria: 

A single institution retrospective review of medical records 
was performed at a Level one academic trauma center on all 

patients undergoing operative fixation of diaphyseal humeral 

fractures (AO/OTA Classification – 12-A1 to 12-C3; current 
procedural terminology [CPT] code 24515) from 2006 to 2016 

with plate osteosynthesis.  

1. All fracture patterns of these subtypes were included.  
2. Patients had to be older than 18 year of age 

3. speak English as their primary language.  

Exclusion criteria: 
1. incomplete records, radiographs, or follow up 

Non-pathological fracture 

Non-

pathological 

fracture 

Humerus NA NA NA 
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2. patients with known inflammatory arthropathies, 
immunomodulating 

disorders, or metabolic bone disorders 

3. pathologic fracture 
4. revision surgical cases 

5. concurrent injury in the same bone (i.e. undergoing 

simultaneous arthroplasty). 

7 
Pastides 

2015 

Inclusion criteria: 
All closed displaced calcaneal fractures were considered for 

surgery and classified according to the Sanders classification 

on the preoperative computed tomography (CT) scans. 
Exclusion criteria: 

1. Open fractures were excluded 

2. Types 1 and 4 

NA Unclear Calcaneus NA NA NA 

8 Burnett 2019 

Inclusion criteria: 

1. patients who were skeletally mature, below 85 years of age 

2. adequate follow-up to fracture healing 
Exclusion criteria: 

patients who had nontongue type intra-articular fractures. 

NA Unclear Calcaneus NA NA NA 

9 
Johnston 

2014 

Inclusion criteria: 

The data for 7,023 hip fracture patients was collected on 
admission to a district general hospital. Questionnaires were 

completed by the admitting doctor from the history given by 

the patient and carers. Medical history 
was obtained from the patients and confirmed with their 

medical notes. 

Exclusion criteria: NA 

NA Unclear hip 

NA because 

data included 

hemiarthropla
sty 

NA NA 

10 
Nyquist 

1997 

Inclusion criteria: 

From 1980 to 1990, a total of 218 male patients between 18 

and 60 years of age were treated at Malmd University Hospital 
because of isolated tibial shaft fractures. Malmo University 

Hospital is the only hospital providing medical care to the city 

residents.  
Exclusion criteria: 

1. primary amputation 

2. lethal complications 
3. incomplete or missing records or final treatment elsewhere 

NA Unclear Tibia NA NA NA 

11 
Tonnesen 

1991 

Inclusion criteria: 

Between 1977 and 1988, 626 men with closed ankle fractures 
were admitted for open reduction and fixation 

Exclusion criteria: NA 

NA Unclear ankle 

GA (2) 

ConA (2) 

Total (4) 

NA NA 

12 Lin 2018 

Inclusion criteria: 

The present retrospective study included 129 calcaneal 
fracture patients who had undergone open reduction and 

internal fixation in our hospital from January 2008 to 

NA Unclear calcaneus Total (0) NA NA 
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December 2010. 
Exclusion criteria: 

1. concurrent fractures that might cause postoperative chronic 

pain such as tibial, fibula, metatarsal, and phalangeal fractures 
2. preexisting calcaneal pain 

3. concurrent peripheral nerve injury, including diabetic foot 

disease and tarsal tunnel syndrome 
4. concurrent systemic diseases, such as hypertension, 

coronary atherosclerotic heart disease 

5. diabetes. 

13 White 2010 

Inclusion criteria: 
patients who had sustained OTA 43.C-type injuries treated by 

early ORIF with a minimum 1-year follow up. 

Exclusion criteria: 
1. patients who could not complete follow up 

2. patients in whom primary treatment could not be performed 

3. patients who died within 30 days of admission from 
associated injuries 

4. patients who were transferred out of the catchment area 

5. patients who failed to attend follow up. 

NA Unclear Tibia Total (6) NA NA 

14 
krishnan 

2015 

Inclusion criteria: 

All adult patients who reported to the department of dentistry 

in a public 
sector, tertiary care hospital and level 1 trauma center, with 

fractures of the dentate portion of the mandible over a 3-year 

period (January 2011–January 2014), were assessed for 

inclusion in the study 

Exclusion criteria: NA 

NA Unclear Mandible NA NA NA 

15 Zura 2016 

Inclusion criteria: 
patients with a coded bone fracture in calendar year 2011.  

Exclusion criteria: 

Patients who had less than 12 months of continuous 
enrollment following fracture so as to capture all coded 

nonunions. 

NA Unclear 18 bones Total (26,875) Total (23,847) NA 

16 Gaal 2016 

Inclusion criteria: 

1. subjects must have been >18 years of age 
2. patients who have had isolated open mandible fractures 

operatively managed using a transoral approach (surgery 

performed only through the mouth). Procedures performed 
included ORIF of one or multiple sites with or closed 

reduction and 

intermaxillary fixation (CR-IMF) using any form of IMF 
technique. 

Exclusion criteria: 

1. Subjects who presented with any other fractures 

NA Unclear Mandible Total (21) NA NA 
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2. complex mandibular fractures (e.g. requiring transcervical 
approach)  

3. gunshot wounds 

4. pre-existing concurrent mandibular fractures (e.g. new 
fractures during the healing of a previous fracture) 

5. fracture site infections present at the time of initial 

presentation 
6. closed mandibular fractures 

7. immunocompromised status (e.g. human immunodeficiency 

virus [HIV], any immunosuppressive medication such as 
steroids) 

8. patients who received antibiotics for any other indication. 

17 Sun 2018 

Inclusion criteria: 

The electronic medical records (EMRs) were searched to 
identify all adult patients (18 years and older) who had 

undergone ORIF to treat ankle fracture in the period from 

January 2015 to December 2016. 
Exclusion criteria: 

1. patient age<18 years 

2. pathological fractures 
3. old fractures (>21 days after initial injury) 

4. treatments rather than ORIF (external fixation, conservative 

treatments, manual reduction and internal fixation, traction). 

Non-pathological fracture, 

non-old fracture 

Non-
pathological 

fracture 

Ankle Total (104) NA NA 

18 Zura 2017 

Inclusion criteria: 

We analysed all Medicare beneficiaries with ≥1 fracture 

diagnosis in the 18 bones most frequently fractured. 

Exclusion criteria: 

1. patients who did not have both Medicare Part A and Part B 

eligibility in all of 2011 and 2012, so that a code for nonunion 
could be captured.  

2. a malunion claimor if the 2011 claim was for nonunion of a 

prior fracture. 

NA Unclear 18 bones Total (21,600) NA NA 

19 
Boesmueller 

2015 

Inclusion criteria: 

1. presence of proximal humeral fracture 

2. known time of trauma 
3. surgical treatment with ORIF and Philos plate (Synthes, 

Oberdorf, Switzerland) 

4. availability of at least 6 months of radiological follow-up 
after surgery 

5. a complete data set. 

Exclusion criteria: 
1. patients undergoing conservative treatment 

2. patients presenting with pathologic or open fractures 

3. patients with implantation of a primary fracture prosthesis 
4. patients with a previous injury or surgery on the ipsilateral 

Non-pathological fracture 
Non-

pathological 

fracture 

Humerus NA NA NA 
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shoulder 
5. patients with an incomplete data set 

6. patients with a follow-up of <6 months 

7. patients under 18 years of age 

20 Cook 1977 

Inclusion criteria: 
Skeletally mature men and nonpregnant women who had a 

closed or Grade I open tibial diaphyseal fracture that was 

primarily transverse, short 
oblique, or short spiral and that could be treated effectively 

with closed reduction and immobilization in a cast were 

eligible for inclusion in the 
study. 

Exclusion criteria: 

1. patients in whom either the prereduction or postreduction 
anteroposterior (AP) or the lateral radiographs showed that the 

length of the fracture line was more than twice the diameter of 

the diaphyseal shaft (a long spiral or long oblique fracture), 
the postreduction displacement was more than 50% of the 

width of the shaft, or the postreduction fracture gap averaged 

more than 0.5 cm. 
2. open fractures, except Grade I as defined by Gustilo and 

Andersonx; fractures of the tibial metaphysis; fractures with 

persistent shortening of more than 1 cm after reduction 
3. fractures that were not sufficiently stable for treatment with 

immobilization in an above the knee cast 
4. fractures with a large butterfly fragment (larger than 2 times 

the diameter of the tibial shaft) 

5. pathologic fractures 
6. comminuted fractures (comminution with fragments of less 

than 1 cm in length was acceptable) 

7. patients who were receiving steroids, anticoagulants, 
prescription nonsteroidal anti-inflammatory medication, 

calcium channel blockers, or diphosphonate therapy 

8. patients who had a history of thrombophlebitis or vascular 
insufficiency 

9. patients who had a recent history of alcoholism or 

nutritional deficiency, or both. 

Non-pathological fracture 
Non-

pathological 

fracture 

Tibia NA 
Tibial fracture 

Total (0) 
NA 

21 Dailey 2018 

Inclusion criteria: 
1. Records for 2,211 tibial fracture patients treated during the 

study period were filtered for inclusion 

2. Adult patients (age 18+) 
3. Primary IM nailing case 

Exclusion criteria: 

1. Casts 
2. All other implants, including secondary nailing after failed 

Non-pathological fracture 

Non-

pathological 

fracture 

Tibia NA NA NA 



95 

 

cast or exfix 
3. patients who died as a result of injury or before union 

4. patients who were lost to follow up 

5. Followed-up elsewhere 
6. Amputation undertaken 

7. Pathological fracture 

22 
Dingemans 

2018 

Inclusion criteria: 

This study was a pilot study to investigate the feasibility of 
using a new, portable, negative pressure wound therapy device 

in patients undergoing lower extremity fracture surgery. The 3-

cm threshold for inclusion was chosen to selectively include 
patients in whom open surgery and not percutaneous surgery 

was performed. 

Exclusion criteria: 
1. open fractures or active infections 

2. antibiotic treatment at the time of the operation for a 

concomitant disease or infection 
3. patients with immune deficiencies 

4. incision location not suitable for negative pressure wound 

therapy device,  
5. inability to adhere to therapy, 

6. incomprehensive understanding of the Dutch language. 

NA Unclear 
Lower 

extremity 
Total (0) NA NA 

23 Femino 2010 

Inclusion criteria: 
We retrospectively reviewed thirteen patients who had 

undergone open reduction and lateral plate fixation without 

bone graft of closed displaced intraarticular calcaneus 

fractures using an extensile sinus tarsi approach 

Exclusion criteria: NA 

NA Unclear Calcaneus Total (1) NA NA 

24 
Giannoudis 

2000 

Inclusion criteria: 

We reviewed retrospectively the record of 377 patients treated 

by intramedullary nailing for fractures of the shaft of the 

femur (AO 32) between 1991 and 1997 to identify those with 
nonunion. 

Exclusion criteria: 

Patients with head injuries 

NA Unclear Femur NA 

postoperative 
use of 

NSAIDs 

Total (29) 

NA 

25 
Moghaddam 

2010 

Inclusion criteria: 
1. radiological evidence of a long bone fracture 

2. an age of 18–80 years 

3. informed and written consent prior to the study 
Exclusion criteria: 

1. multiple traumas (i.e., more than two fractures) 

2. significant soft tissue damage 
3. type II or III open fractures (according to the Gustilo 

classification), and/or postoperative respirator ventilation that 

was utilised for more than 24h  

Non-metastatic fracture 

Non-

pathological 
fracture 

Long bone NA Total (0) NA 
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4. Because serum levels of TGF-b1 can be influenced by 
various drugs and systemic disorders, patients suffering from 

systemic or organic diseases, acute or chronic inflammatory 

diseases as monitored by routine lab programs, malignancy, or 
obesity 

5. patients with a history of thiazide use 

6. immunosuppressive 
7. long-term therapy with steroidal or non-steroidal anti-

inflammatory 

drugs, estrogens, anabolic steroids, calcium, fluoride, or 
calciotropic hormones 

26 Rose 2007 

Inclusion criteria: 

The Synthes LCP Locking Proximal Humerus Plate (Synthes, 

Paoli, PA) was used for the treatment of proximal humeral 
fractures in 16 patients. All patients underwent open 

reduction–internal fixation of their injuries via a deltopectoral 

approach while positioned in the beachchair position under 
general anesthesia. 

Exclusion criteria: NA 

NA Unclear Humerus NA NA NA 

27 
Thompson 

2017 

Inclusion criteria: 
1. patients with surgically managed fifth metatarsal diaphyseal 

fractures.  

2. Diaphyseal fractures were chosen for surgical management 
according to the amount of displacement, shortening, and 

rotation of the distal fragment. 

Exclusion criteria: 

1. patients with non-diaphyseal fifth metatarsal fractures 

2. conservatively managed fractures 

3. follow-up <1 year 
4. missing radiographic images 

5. surgery performed by another surgeon 

NA Unclear Metatarsal Total (9) NA NA 

28 Li 2015 

Inclusion criteria: 
All patients who underwent operative acetabular fracture 

treatment between June 2001 and June 2011 were included in 

the retrospective study. 
Exclusion criteria: NA 

NA Unclear Pelvis Total (18) NA NA 

29 Xu 2019 

Inclusion criteria: 
Between July 2014 and December 2017, patients above 18 

years old who had a distal femur intra-articular fracture 

surgically treated by open plates/screws were included. The 
minimal post-operative follow-up period was 1 year, based on 

the postoperative follow-up strategies in our institution.  

Exclusion criteria: 
1. patients younger than 18 years 

2. extra-articular femur fractures 

Non-pathological fracture, 

non-metastatic fracture 

Non-
pathological 

fracture 

Femur NA NA NA 
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3. old fractures (>28 days from fracture occurrence) 
4. pathological or metastasis fractures 

5. treatment by alternative methods of fracture stabilization 

other than open plate/screws osteosynthesis 
6. patients admitted only for treatment of SSI but without 

undergoing index surgery at our institution. 

30 Zhu 2017 

Inclusion criteria: 
All patients aged 18 or older with acute tibial plateau fractures 

treated by ORIF 

Exclusion criteria: 
1. patients younger than 18 years 

2. pathological fractures 

3. old fractures (>21 days from initial injury) and reoperation 
for certain reasons. 

Non-pathological fracture 

Non-

pathological 

fracture 

Tibia Total (11) NA NA 

31 
Fourgeaux20

19 

Inclusion criteria: 

calcaneal fractures with the presence of a displaced intra-
articular calcaneal fracture with loss of congruence of the 

subtalar joint. 

Exclusion criteria: 
1. patients with a follow-up period shorter than two years, 

2. patients with open fracture or undisplaced fracture 

NA Unclear Calcaneal NA NA NA 

32 
Hoffmann 

2019 

Inclusion criteria: 
intertrochanteric femur fracture with long intramedullary nail 

(IMN) fixation and age equal to or older than 18 years. 

Exclusion criteria: 

1. intramedullary fixation with a short nail or utilization of an 

extramedullary implant 

2. follow up less than 6months 
3. metastatic disease 

4. insufficient medical record or radiographic data. 

non-metastatic fracture 

Non-

pathological 

fracture 

Femur Total (40) NA NA 

33 
Serrano 

2020 

Inclusion criteria: 

Patients with a humeral shaft fracture managed conservatively 
with a functional brace from 2005 to 2016 were 

retrospectively reviewed from 9 academic institutions across 
the United States. 

Exclusion criteria: 

1. Pathologic and periprosthetic fractures 
2. diaphyseal injuries with joint extension 

3. ipsilateral upper extremity injuries 

4. Patients younger than 18 years 
5. patients lost to follow-up before union or before change in 

treatment modality 

Non-pathological fracture, 

non-periprosthetic fracture 

Non-
pathological 

fracture 

Humerus Total (180) NA NA 
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34 Hu J 2018 

Inclusion criteria: 
1. patients with a definitive diagnosis of a medial malleolar 

fracture based on clinical and imaging findings 

2. patients who underwent ORIF surgery or percutaneous 
screw fixation 

3. patients who were skeletally mature at the time of the injury 

4. patients who had complete clinical follow up data for at 
least 12 months after the injury.  

Exclusion criteria: 

1. patients who had removal of the internal fixation device 
before fracture union due to complications, such as an 

infection or a wound healing disorder 

2. patients who had significant complications related to lateral 
or posterior fractures, such as malreduction, redisplacement, 

delayed union, or nonunion 

3. patients with incomplete information and/or with a shorter 
follow-up of less than 12 months. 

NA Unclear Ankle Total (46) NA NA 

35 
Alemdaroglu 

2009 

Inclusion criteria: 

Adult patients suffering from tibial shaft fractures who were 

treated with circular external fixator between October 2002 
and May 2007 were included in the study. These patients were 

treated with circular external fixator due to consensus in the 

department. 
Exclusion criteria: 

1. Patients with articular extension 
2. patients who were lost to follow up 

NA Unclear Tibia Total (1) NA NA 

36 Grun 2020 

Inclusion criteria: 

1. Closed, dislocated intra-articular calcaneal fracture treated 

with only percutaneous reduction and fixation and assisted by 
subtalar arthroscopy between 2013 and September 2018 

2. Age 18 years or older at the time of injury 

3. Availability for follow-up 
Exclusion criteria: 

1. patients who had moved abroad and therefore were 

unavailable for follow-up 
2. patients who could not participate due to other relevant 

illness (eg, dementia) 

NA Unclear Calcaneal Total (1) NA NA 

37 
Vander Voort 

2020 

Inclusion criteria: 
Surgical records were queried at a level I academic trauma 

center to identify individuals 18 years and older indicated for 

operative fixation of traumatic open fractures of the tibia and 
ankle between June 2006 and September 2017.  

Exclusion criteria: 

1. Patients without preoperative computed tomography (CT) 
scan including the lumbar spine as part of their trauma work 

NA Unclear Tibia, ankle NA NA NA 
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up 
2. patients who were lost to follow-up 

38 Baris 2020 

Inclusion criteria: 

From January 2011 to November 2015, we reviewed 60 

patients (62 tibia) who were treated with open reduction and 
internal fixation for distal tibia pilon fractures who could 

be postoperatively followed for three years or more. 

Exclusion criteria: 
1. multiple fractures 

2. previous foot or ankle surgery 

3. accompanying neural or vascular pathology 

4. neuropathic foot 

5. pathologic fractures of the tibia 

6. patients younger than 18 years 
7. the loss in the follow-up. 

Non-pathological fracture 
Non-

pathological 

fracture 

Tibia Total (5) NA NA 

39 
O'Halloran 

K 2016 

Inclusion criteria: 

1. patients aged 18 years and older 
2. tibial shaft fractures treated at authors' center from 2007 to 

2014 

Exclusion criteria: 

1. patients with adequate follow-up but indeterminate healing 

status 

2. patients who were treated with anything other than reamed 
IM nail fixation 

3. patients who had a tibiotalocalcaneal nail 

4. patients who died before healing or nonunion 
5. patients who had undergone early amputations 

6. patients who had periprosthetic, stress, or pathologic 

fractures 
7. patients who had definitive fixation performed at a different 

hospital 

8. patients who had fractures involving the tibial plafond or 
knee joints that required operative intervention separate from 

the IM nail 

9. pregnant patients, patients with insufficient cortical contact, 
patients with missing chart data, and nonoperative patients 

10. patients with nonunion surgery planned before 3 months 

and those for whom the possibility of nonunion was noted 

before 3 months 

Non-pathological fracture 

Non-

pathological 
fracture 

Tibia Total (23) Total (47) NA 

40 
Naumann 

2016 

Inclusion criteria: 

all patients ≥18 years of age living in the catchment area who 
were treated for unstable and closed ankle fractures by ORIF 

between January 1, 2009 and December 31, 2011 were eligible 

NA Unclear Ankle Total (34) NA NA 
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for inclusion in the study. 
Exclusion criteria: 

1. high energy trauma 

2. polytrauma 
3. other type of fracture in the limb 

4. not from region AHUS or SOF 

5. apoplexia/intoxication 
6. fracture not in year 2009–2011 

7. conservative treatment 

8. previous fracture in the limb 
9. open fracture 

10. cognitive disease 

11. patients who died 
12. patients who moved out of area 

41 
Kawasaki 

2021 

Inclusion criteria: 

patients with tibial shaft fractures who were treated with 

intramedullary nail at our 12 facilities 
Exclusion criteria: 

1. patients who lost to follow-up 12 months after the operation 

2. patients with missing data or inadequate radiographs 

NA Unclear Tibia NA NA NA 

42 Ahmed 2020 
Inclusion criteria: 
patients presenting to us with Gustilo-Anderson I, II, 

IIIAOTFs 

NA Unclear Tibia NA NA NA 

43 
Cammas 

2020 

Inclusion criteria: 

1. Patients treated surgically for ankle malleolus fracture from 
2013 to 2017 

2. All patients were over 18 years old 

Exclusion criteria: 
1. Patients with missing data or with pilon fractures and 

metaphyseal and/ 

or diaphyseal tibial fractures 
2. Patients with history of bone and ankle joint infection, 

previous ankle fracture and those suffering from ankle 

osteoarthritis 

NA Unclear Ankle Total (30) NA NA 

44 
Halonen 

2021 

Inclusion criteria: 

ICD-10 diagnoses coded as trochanteric fracture (S72.1) and 

with a procedure code for intramedullary fixation of proximal 
femoral fracture (NFJ54) by Nordic Classification of Surgical 

Procedures (NCSP) 

NA Unclear Hip Total (168) NA NA 

45 Goudie 2021 

Inclusion criteria: 

1. Isolated, non-pathologic fracture through the humeral neck 
located within the epimetaphyseal region defined by the 

method of squares 

2. locally resident 
3. presentation within 2 weeks of injury 

Non-pathological fracture 

Non-

pathological 
fracture 

Humerus NA NA NA 
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4. no preexisting shoulder degenerative condition or previous 
surgery to the shoulder 

Exclusion criteria: 

1. Missing >3 of the 10 demographic data points studied 
2. Double entry due to metachronous injury to contralateral 

shoulder 

3. Inadequate follow-up until union status determined or loss 
to follow-up 

4. Died before union status could be assessed 

5. Primary operative treatment (Surgeon decision, Patient 
preference for operative treatment, Skin compromise, 

Neurovascular compromise, Fracture extending to diaphysis, 

Other) 

Note: NSAIDs: non-steroidal anti-inflammatory drugs; NA: not available; GA: alcohol drinking group; ConA: control group in alcohol drinking comparison; OR

IF: open reduction and internal fixation. 

 

S6c. Summary of 45 studies for the qualitative synthesis (part 3) 

No 

First author/ 

Publication 

year 

Treatment smoking type smoking dose Smoking group Smoking Control group 

1 Arastu 2013 minimally invasive reduction and fixation NA NA 
Smokers 
(n=24) 

Non-smokers 
(n=7) 

2 Bhandari 2004 fixed with a lateral one-third semi-tubular plate cigarette 31±25·9 (2–99) pack years 
Smoking history 

(n=14) 

Non-smoking history 

(n=16) 

3 Sohn 2015 

superior plating by either open plating with 

interfragmentary screw fixation or minimally invasive 

plate osteosynthesis (MIPO) 

NA NA 
Current smokers 

(n=13) 
Non-current smokers 

(n=20) 

4 Unlu 2015 
Minimally invasive plate osteosynthesis after fixing with 

a plate 
NA NA 

Smoking history 
(n=3) 

Non-smoking history 
(n=17) 

5 Formica 2016 
short-segment instrumentation with bilateral intermediate 

screws at the fracture level 
NA NA 

Tobacco use 

(n=18) 

Non-tobacco use 

(n=25) 

6 Frantz 2019 operative fixation with plate osteosynthesis. NA NA 
Smokers 
(n=36) 

Non-smokers 
(n=60) 

7 Pastides 2015 

treated using arthroscopic reduction and percutaneous 

fixation: percutaneous arthroscopic calcaneal 
osteosynthesis (PACO) 

cigarette NA 
Smokers 

(n=11) 

Non-smokers 

(n=8) 

8 Burnett 2019 

cast immobilization 

open reduction and fixation with plate fixation 

closed reduction and percutaneous screw fixation 

NA NA 
Smokers 
(n=NA) 

Non-smokers 
(n=NA) 

9 Johnston 2014 
1. Intracapsular fractures treated by internal fixation 

2. Extracapsular internal fixation 
- - - - 

10 Nyquist 1997 1. dosed reduction and trans-fixational plaster - - - - 
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2. Closed or no reduction with plaster from toes to groin 
3. Closed reduction and intramedullary Ender nailing + 

PTB-plaster  

4. External fixation with Hoffman 
5. Closed reduction and intramedullary Kuntscher’s 

nailing 

6. Open reduction and lag screw fixation 

11 Tonnesen 1991 ORIF - - - - 

12 Lin 2018 ORIF - - - - 

13 White 2010 ORIF - - - - 

14 krishnan 2015 
Maxillomandibular fixation (MMF)/ ORIF/ conservative 

or minimal intervention 
NA NA 

Smokers 

(n=15) 

Non-smokers 

(n=19) 

15 Zura 2016 any fracture surgery NA NA 
Former or current smokers 

(n=31,610) 
Never smokers 
(n=277,720) 

16 Gaal 2016 

ORIF of one or multiple sites with or closed reduction 

and intermaxillary fixation (CR-IMF) using any form of 
IMF technique 

NA NA 
Smokers 

(n=345) 

Non-smokers 

(n=165) 

17 Sun 2018 ORIF NA NA 
Current smoking 

(n=355) 

Non-current smoking 

(n=1155) 

18 Zura 2017 NA NA NA 
Former or current smokers 

(n=4,584) 
Non-smokers 
(n=51,908) 

19 
Boesmueller 

2015 
ORIF using the Philos plate cigarette 

heavy smokers (>20 cigarettes 

per day) 

heavy smokers 
>20cig/d 

(n=12) 

smoking≤20cig/d 

(n=42) 

Non-smokers 
(n=100) 

20 Cook 1977 closed reduction and immobilization in a cast cigarette NA 
Smokers 

(n=21) 

Non-smokers 

(n=39) 

21 Dailey 2018 Reamed intramedullary nailing NA NA 
Smokers 

(n=244) 

Non-smokers 

(n=261) 

22 
Dingemans 

2018 
negative pressure wound therapy following surgery NA NA 

Smoking 

(n=44) 

Non-smoking 

(n=56) 

23 Femino 2010 
open reduction and lateral plate fixation without bone 

graft 
NA average 1·5 packs per day Chronic smokers (n=7) 

Non-chronic smokers 

(n=6) 

24 
Giannoudis 

2000 
intramedullary nailing cigarette >20 cigarettes per day 

Heavy smokers 

(n=31) 

Non-smokers 

(n=68) 

25 
Moghaddam 

2010 
osteosynthetic procedure cigarette >5 cigarettes/day 

Smokers 

(n=14) 

Non-smokers 

(n=14) 

26 Rose 2007 ORIF NA NA 
Smokers 

(n=5) 

Non-smokers 

(n=11) 

27 
Thompson 

2017 

treated surgically within the Beaumont Healthcare 

System 
NA NA 

Current and former smokers 

(n=25) 

Non-smokers 

(n=39) 

28 Li 2015 ORIF NA NA 
Active smokers 

(n=100) 

Non-smokers 

(n=238) 

29 Xu 2019 open plates/screws NA NA Current smoking Non-current smoking 
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(n=NA) (n=NA) 

30 Zhu 2017 ORIF NA NA 
Current smoking 

(n=22) 
Never smokers 

(n=213) 

31 Fourgeaux2019 Calcanail implant NA NA 
Active smokers 

(n=10) 

Non-active smokers 

(n=16) 

32 
Hoffmann 

2019 
Open or closed reduction and internal fixation NA NA 

Active Smoker and History of 
smoking 

(n=112) 

Non-smoking 

(n=81) 

33 Serrano 2020 conversion of closed treatment to surgical intervention NA NA 
Smoking 
(n=287) 

Non-smoking 
(n=674) 

34 Hu J 2018 ORIF or percutaneous screw fixation (PSF) NA NA 
Tobacco use 

(n=21) 

Non-tobacco use 

(n=275) 

35 
Alemdaroglu 

2009 
circular external fixator NA NA 

Smoking 

(n=13) 

Non-smoking 

(n=19) 

36 Grun 2020 percutaneous reduction and fixation NA NA 
Smoking 
(n=10) 

Non-smoking 
(n=15) 

37 
Vander Voort 

2020 
operative fixation NA NA 

Current smoker 

(n=35) 

Non-current smokers 

(n=65) 

38 Baris 2020 ORIF NA NA 
Smoking 
(n=32) 

Non-smoking 
(n=28) 

39 
O'Halloran K 

2016 
reamed IM nail fixation NA NA 

Smoking 

(n=153) 

Non-smoking 

(n=229) 

40 
Naumann 201

6 
ORIF NA NA 

Current smoking 
(n=136) 

Non-current smokers 
(n=431) 

41 
Kawasaki 202

1 
Intramedullary nailing NA NA 

Current smoker 

(n=77) 

Non-current smokers 

(n=181) 

42 Ahmed 2020 Intramedullary nailing NA NA 
Smoker 
(n=14) 

Non-smoker 
(n=46) 

43 Cammas 2020 ORIF NA NA 
Active Smoker 

(n=94) 

Non-smoker 

(n=339) 

44 Halonen 2021 intramedullary fixation NA NA 
Current smoker 

(n=100) 
non-current smoker 

(n=895) 

45 Goudie 2021 nonoperative treatment cigarette 

1. >5 cigarettes or equivalent

/day 

2. Nonsmoker or smokes ≤5

 cigarettes or equivalent/day 

Current smoker (>5 cigarettes

 or equivalent/day) 
(n=235) 

Nonsmoker or smokes ≤5 

cigarettes or equivalent/day 

(n=1,995) 

Note: NA: not available; ORIF: open reduction and internal fixation 

 

S6d. Summary of 45 studies for the qualitative synthesis (part 4) 
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No 

First author/ 

Publication 

year 

Alcohol type 
Level of alcohol 

consumption 
Alcohol group Alcohol Control 

Follow-up 

mean± SD, range 

Description of results and reasons for not including in meta-

analysis 

1 Arastu 2013 NA NA 
Alcohol abusers 

(n=3) 

Non-abusers 

(n=28) 
14·9 (7–30) months 

It was mentioned that there were no problems with wound healing 

in the follow-up period except one case of superficial wound 
infection. It means there was no event of deep infection occurred. 

However, there was no description whether the case was in smoker, 

alcohol abuser or control group. 

2 Bhandari 2004 NA 
6·7±17·8 (2–75) 

drinks/week 

Alcohol 

consumption 
(n=13) 

Non-alcohol 

consumption 
(n=17) 

24 months 
No patient experienced a deep infection, nonunion or malunion 

during the follow-up period. 

3 Sohn 2015 NA 

heavy alcoholics: 

>14 standard 

drinks per week or 

4 drinks per day 
or more than 

600ml of alcohol 

per day 

Heavy alcoholics 

(n=7) 

Non-heavy 

alcoholics 
(n=26) 

17·6 (12–44) months 

There was no superficial infection or deep infection event occurred 
in both groups. And there was no description that whether the only 

one nonunion event occurred to current smoker, heavy alcoholic or 

control group. 

4 Unlu 2015 NA NA 
Alcohol history 

(n=1) 

Non-alcohol 
history 

(n=19) 

15·5 (12–26) months 

The mean interval to bony union was 21 (18–25) weeks in total 

patients. It means that all fractures developed delayed union or 

nonunion without normal union. However, no data of time to union 
for each group was described. 

5 Formica 2016 - - - - 1 year 

No cases of nonunion were observed. There was no description that 

only one superficial infection occurred to tobacco user or control 

group. 

6 Frantz 2019 - - - - 

Follow-up was 

performed 

NA 

The mean time to union was 22·8 weeks (n=36) in smoker group 

and 20·3 weeks (n=60) in non-smoker group without description of 

SD value. 

7 Pastides 2015 - - - - 24 (5–57) months No deep infections developed in both groups. 

8 Burnett 2019 - - - - 

Follow-up was 

performed 
NA 

The mean time to full fracture healing assessed via radiographs was 
3·7 (2–7) months in total patients. No significant difference was 

detected in the time to full healing in smokers compared with 

nonsmokers (p=0·26). 

9 Johnston 2014 NA 

alcoholics: more 
than 14 units per 

week for women 

and 21 units per 
week for men 

Alcoholics 
(n=115) 

Non-alcoholics 
(n=4,656) 

1 year 

Nonunion rates were 12 (n=115) and 289 (n=4,656) in alcohol 

drinking group and control group, respectively. However, control 

group (non-alcoholics) may include alcohol drinkers. 

10 Nyquist 1997 NA NA 
Alcohol abusers 

(n=49) 

Non-abusers 

(n=150) 
14 years 

Delayed union rates (no bone healing within 250 days) were 4 

(n=49) and 16 (n=150) in alcohol drinking group and control 
group, respectively. And no difference was found between two 

groups. In addition, deep infection was seen in 1 alcohol abuser and 

3 non-abusers. However, control group (non-abusers) may include 
alcohol drinkers 
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11 Tonnesen 1991 NA 

alcohol abusers: at 
least 5 Danish 

drinks (60g 

alcohol) a day 

Alcohol abusers 

(n=90) 

Non-abusers 

(n=90) 
12 weeks 

Infection rates were 14 (n=90) and 4 (n=90) in alcoholics group 
and control groups. In addition, no malunion was found in both 

groups. However, control group (non-alcoholics) may include 

alcohol drinkers 

12 Lin 2018 NA 

alcoholism: 
>60g/day 

non-alcoholism: 

≤60g/day 

Alcoholism 

(n=32) 

Non-alcoholism 

(n=97) 
53·39 (48–60) months 

Alcoholism (OR 1·679, p<0·05) was found one of the risk factors 
for postoperative wound infection through logistic regression 

analysis. However, control group (non-alcoholism) may include 

alcohol drinkers 

13 White 2010 NA NA 
Alcohol abuse 

(n=5) 

Non-abusers 

(n=90) 
minimum 1 year 

Two patients with alcohol dependency developed deep infection 

(n=5) and 4 patients in control group develop deep infection 

(n=90). However, control group (non-alcohol abuse) may include 
alcohol drinkers 

14 krishnan 2015 NA NA 
Alcohol abuse 

(n=26) 

Non-alcohol 
abuse 

(n=8) 

(12–14) weeks 

Outcomes of infection for each patient were listed in a table. In 
total, 4 smoking abuse (n=15) and 3 controls (n=18) developed 

infection, respectively. And 6 alcoholism (n=22) and 1 control 

(n=7) developed infection. However, control group (non-smoking 
abuse and non-alcoholism) may include current smokers, former 

smokers or alcohol drinkers 

15 Zura 2016 NA NA 
Alcoholism 

(n=5,616) 

Non-alcoholism 

(n=303,714) 
at least 12 months 

Nonunion rate was 2,313 (n=31,610) and 12,936 (n=277,720) in 

smokers and non-smokers, and the rate was 418 (n=5,616) and 
14,831 (n=303,714) in alcoholism and non-alcoholism, 

respectively. Regarding normal union rate was 29,297 (n=31,610) 

and 264,784 (n=277,720) in smoking group and non-smoking 
group, 5,198 (n=5,616) and 288,883 (n=303,714) in alcoholism 

group and non-alcoholism group, respectively. However, alcohol 

control group may include alcohol drinkers. Definition of nonunion 

and normal healing was described without time period. 

16 Gaal 2016 NA NA 
Alcohol use 

(n=337) 
Non-alcohol use 

(n=173) 

Follow-up was 

performed 

NA 

There were 70 smokers (n=345), 10 non-smokers (n=165), 53 

drinkers (n=337) and 27 (n=173) developed surgical site infection. 
However, control group (non-active smoking) may include former 

smokers. 

17 Sun 2018 NA NA 
Alcohol abuse 

(n=150) 

Non-alcohol 

abuse 

(n=1,360) 

NA 

Surgical site infection rate were 13 current smokers (n=355), 53 
non-smokers (n=1,155), 11 alcohol abusers (n=150) and 55 non-

drinkers (n=1,360), respectively. Control group (non-current 

smoking, non-alcoholism) may include former smokers and alcohol 
drinkers. 

18 Zura 2017 NA NA 
Alcoholism 

(n=467) 

Non-alcoholism 

(n=56,025) 
NA 

Nonunion occurred in 189 current or former smokers (n=4,584), 

1251 non-smokers (n=51,908), 24 alcoholism (n=467) and 1,416 

non-alcoholism (n=56,025), respectively. Regarding normal union, 

the results were 4,395 current or former smokers (n=4,584), 50,657 

non-smokers (n=51,908), 443 alcoholism (n=467) and 54,609 non-

alcoholism (n=56,025), respectively. Alcohol control group may 
include alcohol drinkers. Definition of nonunion and normal 

healing was described without time period. 
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19 
Boesmueller 

2015 
- - - - 

Total 479 days (≥6 

months) 

Nonunion occurred to 4 heavy smokers (n=12) and 16 non-heavy 

smokers (n=142), respectively. Control group included never 
smokers and smokers who smoked ≤20 cigarettes per day. 

20 Cook 1977 - - - - 
Tibial fracture 52 

weeks 

Delayed union occurred to 5 smokers (n=21) and 6 non-smokers 
(n=39), respectively. 

Definition of delayed union which were fractures not healed at 150 

days is not applicable in the current study. 

21 Dailey 2018 - - - - 

Follow-up was 

performed 

NA 

There were 38 of 244 smokers and 36 of 261 non-smokers 

developed nonunion. Definition of nonunion was described without 

time period. 

22 
Dingemans 

2018 
- - - - 

Follow-up was 

performed 
NA 

One of 44 smokers and 1 of 56 non-smokers developed superficial 
surgical infection. And no smokers (n=44) and 2 non-smokers 

(n=56) developed deep infection. However, control group (non-

substance abuse [smoking]) may include former smokers. 

23 Femino 2010 - - - - 19 (2–41) months 

Surgical site infection rate was 0 of 7 in smoker group and 1 of 6 in 

non-smoker group, respectively. However, control group (non-

chronic smokers) may include former smokers. 

24 
Giannoudis 

2000 
- - - - NA 

Logistic regression analysis showed that smoking was not risk 

factor (OR 2·29, 95%CI [0·85–6·08], p=0·11) of nonunion. 

Definition of nonunion was described without time period. 

25 
Moghaddam 

2010 
- - - - 6 months after trauma 

Raw data of non-union group and union group was listed in a table. 
There were 7 of 14 smokers and 7 of non-smokers in non-union 

group and union group, respectively. No definitions of normal 

union and nonunion were described. 

26 Rose 2007 - - - - 12 (6–20) months 

Three of 5 smokers and 1 of 11 non-smokers developed nonunion. 

In addition, 2 of 5 smokers and 10 of 11 non-smokers normally 

healed. Definition of fracture union was described without time 
period. 

27 
Thompson 

2017 
- - - - at least 1 year 

There were 2 of 25 smokers developed delayed union, and 1 former 

smoker developed nonunion. Delayed union or nonunion did not 

found in non-smokers (n=39). And 22 of 25 smokers and all non-
smokers were normally healed. However, there were no definitions 

of delayed union and nonunion. 

28 Li 2015 - - - - 
Follow-up was 

performed 

NA 

There were 4 of 100 smokers and 12 of 238 non-smokers developed 
surgical site infection. However, control group which is non-active 

smokers may include former smokers. 

29 Xu 2019 - - - - at least 1 year 

Multivariate logistic regression analysis showed that current 

smoking was one of risk factors for post-operative surgical site 
infection (OR 3·22, 95%CI [1·71–4·68], p<0·001). However, 

control group which is non-current smoking may include former 

smokers. 

30 Zhu 2017 - - - - 12 months 

Univariate analysis showed that surgical site infection occurred to 4 

of 22 smokers and 8 of 213 non-smokers, respectively. However, 

control group included history of smoking and very occasionally 
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smoking <1 per 3 days, which is not never smoking. 

31 Fourgeaux2019 - - - - 
2·8 years±8 months 

(24–48 months) 

One of 10 active smokers and no non-smokers developed delayed 
wound healing. However, control group (non-active smokers) may 

include former smokers. 

32 
Hoffmann 

2019 
- - - - 15·2 (6–97) months 

Five of 32 active smokers and 2 of 81 non-smokers developed 
nonunion. However, definition of nonunion was described without 

time period. 

33 Serrano 2020 NA NA 
Alcohol drinking 

(n=193) 
Non-drinking 

(n=768) 
4, 8 weeks, 3, 6 

months 

There were 67 of 287 smokers, 129 of 674 non-smokers, 51 of 193 

alcohol drinking and 145 of 768 non-drinking developed nonunion. 
However, healing period of nonunion was not clear. In the study, 

207 developed a nonunion at a mean of 23 weeks without range. 

34 Hu J 2018 NA NA 
Alcohol use 

(n=35) 

Non-alcohol use 

(n=261) 

median 52 (12–118) 

months 

Bone healing time was 11·5±5·7 weeks (n=21) in smoking group, 

10·2±6·5 weeks (n=275) in non-smoking group, 13·5±10·0 weeks 

(n=35) in drinking group and 9·8±5·6 weeks (n=261) in non-

drinking group, respectively. However, regarding time to union, 
patients with nonunion were regarded as having invalid data and 

were excluded in the counts. 

35 
Alemdaroglu 

2009 
- - - - at least 6 months 

Time to union was 27·54±11·61 weeks (n=13) in smoking group 

and 21·37±5·08 weeks (n=19) in non-smoking group (p= 0·16), 
respectively. However, 2 fractures were still non-united at the 52nd 

week (end of follow-up period). Time to union of the 2 fractures 

was recorded as 52 weeks for the statistical analysis purpose of 
calculating healing time. Thus, the result was not actual. 

36 Grun 2020 - - - - 15 (12–33) months 
There were no wound-healing complications or surgical site 

infections. 

37 
Vander Voort 

2020 
- - - - 

median 20 (3–97) 

months 

Regarding to nonunion, no obvious difference was found between 

current smokers (7/35) and non-current smokers (11/65). For deep 

surgical site infection, there was also no obvious difference between 
current smokers (9/35) and non-current smokers (26/65). However, 

control group may include former smokers. 

38 Baris 2020 - - - - 
42·7±4·6 (36–66) 

months 

Time to union was obviously greater in smoking group (n=32) 

compared with nonsmoking group (n=28) (17·1±6·0 weeks vs. 
15·2±2·3 weeks, p=0·04). However, time to union was not clearly 

defined. 

39 
O'Halloran K 

2016 
NA NA 

heavy drinker 

(n=104) 

Non-drinker or 
social drinker 

(n=278) 

minimum of 9 months 

Nonunion rate was 29 (n=153) and 27 (n=229) in smokers and non-
smokers, and the rate was 20 (n=104) and 36 (n=278) in heavy 

drinkers and non-drinkers or social drinkers, respectively. 

Regarding normal union rate was 124 (n=153) and 202 (n=229) in 
smoking group and non-smoking group, 84 (n=104) and 242 

(n=278) in heavy drinker group and non-drinkers or social drinker 

group, respectively. However, alcohol control group included 
alcohol drinkers. Definition of nonunion and normal healing was 

described without time period. 

40 
Naumann 201

6 
- - - - NA 

Undefined infection rate was 10 (n=136) and 19 (n=431) in c

urrent smoker group and non-current smoker group, respectivel
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y. However, control group may include former smoker. 

41 Kawasaki 2021 - - - - 12 months 
Nonunion rate was 16 (n=77) in current smoker group and 26 
(n=181) in non-current smoker group, respectively. However, 

control group may include former smoker. 

42 Ahmed 2020 - - - - at least 6 months 
Union rate was 8 (n=14) in smoker group and 38 (n=46) in non-
smoker group. However, union was recorded without time period. 

43 Cammas 2020 - - 
Alcohol abuse 

(n=NA) 

Non-abuser 

(n=NA) 

mean 1 year (30 days–

5 years) 

Nonunion rate was OR 2·998, 95%CI 1·27–7·06 between alcohol 

abuser and non-abuser. However, control group may include 
alcohol drinker. 

44 Halonen 2021 - - 
Alcohol abuse 

(n=74) 
Non-abuser 

(n=921) 
2 years or until death 

Surgical site infection rate was 6 (n=100) in current smoker and 22 

(n=895) in non-current smoker group, 3 (n=74) in alcohol abuser 
group and 25 (n=921) in non-abuser group. However, control group 

may include former smoker or alcohol drinker. 

45 Goudie 2021 - - 
>20 units of 
alcohol/week 

(n=142) 

≤20 units of 

alcohol/week 

(n=2,088) 

24 weeks 

Nonunion rate was 70 (n=235) in current smoker group (>5 

cigarettes or equivalent/day) and 161 (n=1,995) in nonsmoker or 

smoke≤5 cigarettes or equivalent/day group, 26 (n=142) in ≥20 

units of alcohol/week group, and 205 (n=2,088) in ≤20 units of 

alcohol/week group. However, control group may include smoker 
and alcohol drinker. 

Note: NA: not available; OR: odds ratio.
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Appendix S7. Summary of 19 studies about the impacts of preoperative smoking cessation time, nicotine replacement therap

y, and vaping 

Summary of 19 studies about the impacts of preoperative smoking cessation time, nicotine replacement therapy (NRT), and vaping was described in Appendix S7a to d. 

S7a. Summary of 19 studies concerning the impacts of preoperative smoking cessation time, NRT, and vaping (part 1) 

No 
First author/ 

Publication year 
Journal name country Study design 

Sex 

M/F 

Age/yr  

mean±SD (range) 
Race 

BMI 

(kg/m2) 

1 
Glassman 2000[10

4] 
Spine US 

retrospective cohort st

udy 
202/155 Mean 43·91 NA NA 

2 
Sørensen 2007[10

5] 
Hernia Denmark 

Prospective cohort stu
dy 

180/33 

1. Standard advice group: me

dian 56 (IQR 46–66) 

2. Telephone group: median 5
4 (IQR 42–64) 

3. Outpatient group: median 5

4 (IQR 45–65) 

NA Mean 24·85 

3 
Delaunay 2018[10

6] 
Annales de chirurgie pl

astique esthétique 
France 

retrospective cohort st
udy 

12/209 41·2±9·95 (19–66) NA 28·09±7·58 (20·1–36) 

4 
Padubidri 2001[10

7] 

Plastic and Reconstructi

ve Surgery 
US cohort study 0/748 Mean 49·12 (14–77) NA NA 

5 Moller 2002[108] Lancet Denmark 
randomised controlled 

trial 
46/62 Mean 65·04 (30–85) NA Mean 26·52 

6 Araco 2008[109] 
Plastic and Reconstructi

ve Surgery 
UK, Italy prospectively 33/51 42±23 NA 26±3 

7 Chan 2006[110] 
Annals of Plastic Surge

ry 
UK cohort study NA Mean 36·18 NA Mean 26·72 

8 
Gravante 2007[11

1] 
Obesity Surgery UK, Italy 

prospective cohort stu

dy 
15/45 Mean 42.5 NA 55±8 

9 
Gravante 2008[11

2] 
Aesth Plast Surg UK, Italy 

prospective cohort stu

dy 
NA 54±5 (41–70) NA 28·7±4 (20·4–39·8) 

10 Herrero 2020[113] Journal of Orthopaedics US cohort study 104/97 Mean 57·64 NA Mean 30·55 

11 Jung 2014[114] Gastric Cancer Korea 

Retrospective cohort s
tudy 

(prospectively collecte

d) 

855/480 Mean 56·04 NA Mean 23·8 

12 Kuri 2005[115] Anesthesiology Japan 
retrospective cohort st

udy 
150/38 Mean 59·06 NA Mean 21·02 

13 Quan 2019[116] 
World Journal of Surgi

cal Oncology 
China 

retrospective cohort st

udy 
1624/845 Mean 55·44 NA Mean 21·83 

14 
Sorensen 2003a[11

7] 
Colorectal Disease Denmark 

prospective cohort stu

dy 
37/20 

Intervention group: 

median 65 (34–87) 
NA Mean 23·71 
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control group: 
median 66 (42–83) 

15 
Thomsen 2010[11

8] 

Nicotine & Tobacco Re

search 
Denmark 

randomised controlled 

trial 
0/130 

Intervention group: 
median 57·5 (35–79) 

control group: 

median 56·5 (36–82) 

NA 

Intervention group: 
median 24·2 (15·2–36·2) 

control group: 

median 23·1 (16·5–37·9) 

16 Yoshida 2015[119] 
World Journal of Surge

ry 
Japan 

retrospective cohort st
udy 

208/38 65·8±8·8 NA NA 

17 
Sorensen 2003b[1

20] 
Annals of surgery Denmark cohort study 39/39 Mean 30·31 (20–40) NA Mean 23·28 

18 
Sorensen 2010[12

1] 
Surgery UK cohort study 31/31 

Smokers: 
median 33 (20–40) 

Never smoker: 

median 26 (20–40) 

NA NA 

19 Lindström 2008 Annals of surgery Sweden 
randomised controlled 

trial 
54/48 

intervention: 

median 55 (IQR 46–60) 

control: 
median 57·5 (IQR 49–64) 

NA 

intervention: 

median 26 (IQR 24–30) 

control: 
median 25 (IQR 23–29) 

Note: M: male; F: female; SD: standard deviation; BMI: body mass index; NA: not available; IQR: interquartile range 

 

S7b. Summary of 19 studies concerning the impacts of preoperative smoking cessation time, NRT, and vaping (part 2) 

No 
First author/ 

Publication year 

Weight

 (kg) 
Height (cm) Diabetes 

Use of NS

AIDs 

Use of fluor

o-quinolone 

family of an

tibiotics 

Inclusion and exclusion criteria Surgery type 

1 Glassman 2000 NA NA NA NA NA 

Inclusion criteria: 
1. degenerative collapse with spinal stenosis, pseudarthros

is, mechanical low back pain, discogenic low back pain, 

or spinal instability. Instability was subclassified as spond
ylolisthesis, postdiscectomy instability, or mechanical insta

bility based on flexion–extension radiographs. 

2. patients who had undergone posterior instrumented fusi
on at either L4–L5 or L4–S1 from 1992 through 1996 

3. All fusion procedures were performed using similar pe

dicle screw and rod constructs and autologous iliac crest 
bone graft 

posterior instrumented fusion at 
either L4–L5 or L4–S1 

2 Sørensen 2007 NA NA 
8 (3·7

6%) 
NA NA 

daily smokers scheduled for elective open incisional or i

nguinal day-case herniotomy were included in the study 

elective open incisional or ingui

nal day-case herniotomy 

3 Delaunay 2018 NA NA 21 (9·5 NA NA Inclusion criteria: Abdominoplasty with umbilical 
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0%) patients who underwent an abdominoplasty with umbilical
 transposition and lipoaspiration of flancs and epigastriu

m, with the handle bar incision, undermining as far as t

he xyphoid appendix and the upper tension technique 

transposition and lipoaspiration 
of flancs and epigastrium 

4 Padubidri 2001 NA NA NA NA NA NA Breast reconstruction 

5 Moller 2002 NA NA 
4 (3·7

0%) 
NA NA 

Inclusion criteria: 

Patients scheduled for primary elective hip or knee allopl

asty at three university-affiliated hospitals in Copenhagen 
were invited to enter the study. All daily smokers were 

eligible for the study. 

Exclusion criteria: 
patients with a weekly alcohol intake greater than 35 uni

ts 

Elective hip or knee replacemen

t 

6 Araco 2008 72±8·5 167±13 NA NA NA 

Inclusion criteria: 

patients who underwent abdominoplasty for cosmetic purp
oses 

Exclusion criteria: 

1. patients within 1 year after bariatric surgery 
2. those with ongoing clinical infections 

3. that received a complete antibiotic course in the previ

ous 6 months 
4. those under steroid therapy 

5. those with systemic diseases that could impair tissue 

oxygenation or wound repair (e.g., arteriosclerosis, diabet
es mellitus). 

Abdominoplasty for cosmetic pu

rposes 

7 Chan 2006 NA NA NA NA NA 

Inclusion criteria: 

Patients who underwentbilateral breast reduction surgery 
Exclusion criteria: 

Four patients were excluded due to small volume reducti

ons (<400 g in total). 

Bilateral breast reduction surger

y 

8 Gravante 2007 133±16 156±7 NA NA NA 

Inclusion criteria: 

Patients who presented to the hospital requesting an abdo

minoplasty after massive weight loss obtained after lapar
oscopic adjustable gastric banding 

Exclusion criteria: 

1. patients with ongoing clinical infections 
2. patients received a complete course of antibiotic for a

n infection 

in the last 6 months prior to operation 
3. patients requesting steroid therapy 

4. patients with systemic diseases that could impair woun

d repair (arteriosclerosis, diabetes mellitus) 
5. those <1 year since their bariatric surgery 

6. cigar and pipe smokers 

abdominoplasty after massive w

eight loss obtained after laparos
copic adjustable gastric banding 
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9 Gravante 2008 
76±10 
(59 to 

93) 

163±6 (147 t

o 180) 
NA NA NA 

Inclusion criteria: 
patients who had undergone breast reductions 

Exclusion criteria: 

1. Patients who had previously undergone bariatric surger
y 

2. Patients who had ongoing clinical infections or had re

ceived a complete antibiotic course in the 6 months prec
eding the operation 

3. Patients receiving steroid therapy 

4. Patients with systemic diseases that could impair tissu
e oxygenation or wound repair (arteriosclerosis, diabetes 

mellitus) 

breast reductions 

10 Herrero 2020 NA NA NA NA NA 

Inclusion criteria: 

smokers greater than or equal to 18-years-old undergoing 

primary, elective total joint arthroplasty (TJA) 
Exclusion criteria: 

1. Non-smokers 

2. Patients who were less than 18-years-old 
3. Patients who underwent nonelective TJA. 

total joint arthroplasty 

11 Jung 2014 NA NA NA NA NA 
Inclusion criteria: 
Patients who were diagnosed with primary gastric adenoc

arcinoma and underwent radical gastrectomy 

radical gastrectomy 

12 Kuri 2005 NA NA NA NA NA 

Inclusion criteria: 
Patients who underwent removal of nasal, oral, pharyngea

l, laryngeal, 

or cervical esophageal cancer and reconstruction requiring

 a free flap with a vascular pedicle 

removal of nasal, oral, pharyng
eal, laryngeal, 

or cervical esophageal cancer a

nd reconstruction requiring a fr

ee flap with a vascular pedicle 

13 Quan 2019 NA NA NA NA NA 

Inclusion criteria: 

Adult (≥18 years) patients with gastric cancer (GC) who 

underwent operation 
Exclusion criteria: 

1. Non-resection surgery 

2. Palliative gastrectomy 
3. Emergency surgery 

4. Remnants of gastric cancer 

5. Other synchronous malignancies 
6. Stage IV operated with curable intent 

7. Taking corticosteroid drugs for long term 

8. Active infections disease 
9. Missing clinical and/or laboratory data 

Open procedure with D2 or D2
+ lymphadenectomy.  

Total laparoscopy or laparoscop

y-assisted gastrectomy with D1 
+ α or β lymphadenectomy.  

Combined multi-organ resection. 

14 Sorensen 2003a NA NA NA NA NA 

Inclusion criteria: 

Patients who smoked daily and were scheduled for an op
en colonic or rectal operative procedure with formation o

f an enteric anastomosis 

Exclusion criteria: 

1. Colonic resection 

2. Other colonic procedure 
3. Rectal resection 

4. Explorative laparotomy 

5. Mechanical bowel preparatio
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Patients with inflammatory bowel disease n 
6. Postoperative enteral feed tu

be 

15 Thomsen 2010 NA NA 
4 (3·0

8%) 
NA NA 

Inclusion criteria: 

1. Patients had to be women 
2. Patients who were daily smokers 

3. Patients who aged 18 years and above 

4. Patients who have sufficient language proficiency 
Exclusion criteria: 

patients with weekly alcohol intake exceeding 35 units, s

ubstance abuse, diagnosed psychiatric disease, dementia, 
American Society of Anesthesiologists’ (ASA) physical st

atus classification-class>3, penetrating cancer, pregnancy a

nd lactation, and preoperative neoadjuvant chemotherapy. 

breast cancer surgery 

16 Yoshida 2015 NA NA 
28 (11·3

8%) 
NA NA 

Inclusion criteria: 

patients underwent elective esophagectomy with 2- or 3-f

ield lymphadenectomy for esophageal cancer 

elective esophagectomy with 2- 
or 3-field lymphadenectomy 

17 Sorensen 2003b NA NA NA NA NA 

Exclusion criteria were chronic medical disease, atopic de

rmatitis or other skin disease, pregnancy, menopause, alle
rgy to local anesthetics, dressing, or patches, and current 

or recent medication with corticosteroids, NSAID, or aspi

rin 

5-mm full-thickness punch biop

sy wound 

18 Sorensen 2010 NA NA NA 0 NA 

Inclusion criteria: 
Not mentioned. 

Exclusion criteria: 

Chronic medical disease, pregnancy, menopause, and curr

ent or recent medication with corticosteroids or non-steroi

dal anti-inflammatory drugs (also known as NSAIDs). 

5-mm, full-thickness punch biop

sy on the skin over the medial 

gluteal muscle4–6 cm lateral to 

the sacrum 

19 Lindström 2008 NA NA 
2 (1·9
6%) 

NA NA 

Inclusion criteria: 
1. patients had to be daily smokers (>2 cigarettes daily 

for at least 1 year before inclusion) 

2. aged 18 to 79 years. 
Exclusion criteria: 

Patients with overt alcohol or drug abuse, pregnancy, sev

ere mental illness, dementia, and poor Swedish language 
proficiency. 

primary inguinal and umbilical 

hernia repair, laparoscopic chole
cystectomy, or a hip or knee 

prosthesis 

Note: NA: not available. 

S7c. Summary of 19 studies concerning the impacts of preoperative smoking cessation time, NRT, and vaping (part 3) 

No 
First author/ 

Publication year 
Groups Cessation contents 
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1 Glassman 2000 

1. Non-smokers (n=169) 
2. None cessation (continuous smoking) before surgery (n=63) 

3. Cessation <1 month before surgery (n=74) 

4. Cessation >1 month before surgery (n=51) 
5. None cessation (continuous smoking) after surgery (n=68) 

6. Cessation 1–6 months after surgery (n=44) 

7. Cessation >6 months after surgery (n=76) 

same as left 

2 Sørensen 2007 

1. Standard advised group (n=48) 

2. Advisded and reminder group (n=101) 

3. Non-advised group (n=64) 

1. Standard advised group were given the standard advice and were not contacted until 
the day of surgery. 

2. Advisded and reminder group were given the standard advice and were reminded by 

the study nurse 1 month before surgery during a 10 min telephone conversation, or we
re given the standard advice and were reminded 1 month before surgery during a 20 

min meeting with a study nurse in the outpatient clinic. At the end of this meeting the

 patient was advised to use nicotine replacement drugs until 24 h before surgery and a
 sample of different types (Nicorette Patch (10 and 15 mg), Nicorette Chewing Gum 

(2 and 4 mg), Nicorette Resoriblet (2 mg), Nicorette Inhalator (10 mg), or Nicorette N

asal Spray (500 μg per dose)) was offered for a few days use according to the patient
s preference. 

3. Non-advised group were not advised to quit smoking 

3 Delaunay 2018 
1. Nonsmokers (n=96) 
2. Active smokers (n=71) 

3. Former smokers (n=29) 

Active smokers were asked to stop all smoking consumption 4 weeks before and after 

surgery 

4 Padubidri 2001 

1. Smokers (n=155) 

2. Ex-smokers (n=76) 

3. Nonsmokers (n=517) 

Smokers were asked to quit smoking when they were first seen in the outpatients clini

c. Elective surgery usually was scheduled after 3 weeks. 
Patients who reported that they had quit smoking 3 weeks or more before surgery were

 classified as ex-smokers 

5 Moller 2002 
1. Intervention group (n=56) 

2. Control group (daily smoker) (n=52) 

The intervention period was 6–8 weeks before and 10 days after operation. 
The patients in the intervention group were offered a 

meeting every week with the project nurse. At the first 

meeting a Fagerstöm test was done, to estimate the 
magnitude and profile of nicotine dependence. A personalised nicotine substitution sched

ule was devised in accordance with the test results and patient’s preference. Patients w

ere strongly encouraged to stop smoking completely, but they also had the option to re
duce their tobacco consumption by at least 50%. 

The controls received standard care, which meant little or no information about the risk

 of tobacco smoking or smoking cessation counselling. 

6 Araco 2008 
1. Smokers (n=42) 

2. Nonsmokers (n=42) 

Smokers were invited to stop smoking at least 4 weeks before surgery. Those that faile

d had their surgery postponed until 4 weeks of cessation were obtained. Every 

7 Chan 2006 

1. Continuous smoking (n=31) 

2. Stopped smoking <4 weeks (n=19) 

3. Stopped smoking >4 weeks (n=15) 

4. Nonsmokers (n=104) 

All patients had been asked to stop smoking at least 1 month before surgery until the 

wounds had completely healed as a hospital policy. 

8 Gravante 2007 
1. Smokers (n=30) 

2. Non-smokers (n=30) 

Smokers were asked to stop at least for 4 weeks before surgery. Those who failed (aft
er confirmation of relatives) had their operation postponed until 4 weeks of smoking ce

ssation were obtained 
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9 Gravante 2008 
1. Smokers (n=43) 

2. Nonsmokers (n=44) 

Patients were instructed to stop smoking at least 4 weeks before surgery. Those who fa
iled to stop smoking had their surgery postponed until they had obtained 4 weeks of s

moking cessation. 

10 Herrero 2020 
1. Quit smoking (n=80) 

2. Smoking (n=120) 

Smoking cessation program (SCP) interventions are initiated 4–6 weeks prior to surgery,

 with a goal of being tobacco free 1–2 weeks prior to surgery. The protocol consists o
f four pre-operative telephone sessions including assessment, education, counseling, nicot

ine replacement therapy (NRT), and two 

follow-up sessions within 30 days after surgery. 
Self smoking cessation was also performed in self-treatment group. 

11 Jung 2014 

1. Nonsmokers (n=813) 

2. Smoking cessation ≥8 weeks (n=193) 
3. Smoking cessation 4 to <8 weeks (n=82) 

4. Smoking cessation 2 to <4 weeks (n=40) 

5. Smoking cessation <2 weeks (n=207) 

Smoking cessation period before the surgery (<2, 2 to <4, 4 to <8, and ≥8 weeks) bec
ause the interval from the diagnosis of gastric cancer to the surgery in our hospital wa

s approximately 2–8 weeks 

12 Kuri 2005 

1. Smokers (n=28) 
2. Late quitters (n=34) 

3. Intermediate quitters (n=20) 

4. Early quitters (n=66) 
5. Nonsmokers (n=40) 

The late, intermediate, and early quitters were defined as patients whose smoke-free dur

ation was between 8 and 21 days (n=34), between 22 and 42 days (n=20), and more t

han 43 days (n=66) before the operation, respectively 

13 Quan 2019 

1. Non-smokers (n=1,413) 

2. Smoking cessation ≤2 weeks (n=823) 
3. Smoking cessation 2 to 4 weeks (n=40) 

4. Smoking cessation ≥4 weeks (n=193) 

All smokers were instructed to quit smoking immediately when they were admitted. Sm

okers were divided into three categories depending on their smoking cessation period b

efore surgery (≤ 2, 2 to 4, and ≥ 4 weeks). 

14 Sorensen 2003a 
1. Intervention group (n=27) 

2. Control group (daily smoker) (n=30) 

Patients randomised to the intervention group were asked to stop smoking the following

 day until the time of removal of sutures after surgery. 
A pre-operative intervention period of 2–3 weeks was intended to obtain a sufficient s

moking-free interval within a pre-operative waiting period. 

patients in the intervention group were offered pre- and post-operative individual suppor
t by the project nurse and nicotine replacement therapy until 24 h before surgery 

15 Thomsen 2010 
1. Intervention group (n=57) 

2. Control group (daily smoker) (n=62) 

Complete smoking cessation was recommended from 2 days before to 10 days after sur

gery 

16 Yoshida 2015 

1. Continuous smokers (n=15) 

2. Stop smoking 7 to 30 days (n=28) 

3. Stop smoking 31 to 90 days (n=40) 
4. Stop smoking ≥91 days (n=102) 

5. Never smokers (n=61) 

Cessation period included 7 to 30 days, 31 to 90 days, ≥91 days before surgery 

17 Sorensen 2003b 

From the second week, they were randomised to 

1. continuous smokers (n=16) 

2. smoking abstinence (n=32) 

3. Never smokers (n=30) 

During the first week, smokers smoked 20 filter cigarettes per day.  

From the second week, they were randomised to continuous smoking (20 cigarettes per 
day), smoking abstinence with transdermal nicotine patch (15 mg/16 h plus 10 mg/16 

h, Nicorette), or smoking abstinence with placebo patch. Each subgroup included 16 pat

ients. 
In total, each of 4 biopsy wounds were maded at 0, 4, 8, and 12 weeks after randomi

sation to groups, respectively. 
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18 Sorensen 2010 

1. Never smokers (n=30) 

2. continuous smokers (n=16) 
3. Abstinent smokers (n=32) 

During the first week of the study, all smokers smoked 20 standardized filter cigarettes 
per day. 

Subsequently, smokers were randomised double-blinded into 3 groups: continued to smo

ke 20 filter cigarettes per day, refrained from smoking 
and used a transdermal nicotine patch (TNP) (15 mg/16 h plus 10 mg/16 h, Nicorette) 

24 hours a day, and refrained from smoking and used placebo patches. The latter two 

subgroups belong to abstinent smokers group. 

19 Lindström 2008 
1. smoking cessation (n=48) 

2. continuous smokers (n=54) 

The intervention was intended to start 4 weeks before surgery and last 4 weeks after s
urgery, as described in detail elsewhere. The intervention included weekly meetings or t

elephone counseling with a nurse professionally trained in smoking cessation therapy, th

e telephone number to a hot line providing smoking cessation advice, and free nicotine 
substitution (Nicorette) offered with an individual schedule for the entire intervention pe

riod. No bupropion or varenicline was offered. Nicotine replacement therapy was the on

ly drug offered. 

 

S7d. Summary of 19 studies concerning the impacts of preoperative smoking cessation time, NRT, and vaping (part 4) 

No 
First author/ 

Publication year 
Definition of outcomes 

Follow-up 

mean±SD, range 
Description of results and reasons for not including in meta-analysis 

1 Glassman 2000 

1. nonunion was defined strictly based on 

surgical exploration, hardware failure, comp
uted tomographic (CT) scan with three-dim

ensional reconstruction, or tomograms. Patie

nts without obvious nonunion based on the
se criteria were assumed to have adequate 

fusion. 

49·4 months (> 2 ye

ars) 

1. Nonsmokers vs. continuous smoking before surgery vs. stopping <1 month before surg

ery vs. stopping >1 month before surgery: nonunion rate  
    For nonunion rate, no significant difference was found between nonsmoker (14·2% 

[24/169]), continuous smoking (22·2% [14/63]), stopping <1 month (20·2% [15/74]), and 

stopping >1 month (19·6% [10/51]) (P>0·05). 

2. Nonsmokers vs. continuous smoking after surgery vs. stopping 1–6 months after surger

y vs. stopping >6 months after surgery: nonunion rate 

    Nonunion rate was increased in continuous smokers, compared with nonsmokers (1
4·20% [24/169] vs· 26·47% [18/68], P=0·025). However, no significant difference was fo

und between other groups (P>0·05). 

2 Sørensen 2007 

1. Postoperative wound infection was deWn
ed as a swollen, red, hot, painful wound w

ith or without pus discharge and postoperat

ive clinical intervention including antibiotic
s, extensive wound care, or re-operation. 

192 days 

Standard advised vs. advised and reminder (1 month before surgery) vs. non-advised (con
tinued smokers): postoperative wound infection 

No significant difference was found between the advised (7% [10/149]) and non-advised 

(5% [3/64]) cohorts (P=0·57) or between the standard (8% [4/48]) and the reminder (6% 
[6/101]) group (P=0·59). 

3 Delaunay 2018 

1. Delayed healing (wound dehiscence, epi
dermolysis, partial or full thickness woun

d). A delayed healing was decided after 3 

weeks’ delay. 

3 months 

Nonsmokers vs. active smokers (asked to stop 4 weeks before surgery) vs. former smoke

rs: delayed wound healing rate 

nonsmoker vs active smoker cessation P=0·02 
active smoker cessation vs former smoker P=0·92 

nonsmoker vs former smoker P=0·05 

However, multivarious analysis showed that difference of delayed healing rate between ac
tive smokers who stopped 4 weeks before surgery (1·84[0·89 to 3·78]), former smoker 

(2·42[0·93 to 6·35]) and nonsmokers were not significant (P=0·11)· 
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4 Padubidri 2001 NA 

NA (length of stay i

n hospital was betwe

en 1 and 25 days) 

Nonsmokers vs. smokers (asked to stop 3 weeks before surgery) vs. ex-smokers (stopped 
≥3 weeks): seroma, hematoma, wound infection, wound dehiscence rate 

For seroma (smokers 5·84% [9/154] vs. ex-smokers 3·95% [3/76] vs. nonsmokers 4·09% 

[21/514]), hematoma (smokers 1·30% [2/154] vs. ex-smokers 0% [0/76] vs. nonsmokers 
2·14% [11/514]), wound infection (smokers 5·19 [8/154] vs. ex-smokers 6·58% [5/76] vs.

 nonsmokers 4·47% [23/514]), and wound dehiscence rate (smokers 1·95% [3/154] vs. ex

-smokers 0% [0/76] vs. nonsmokers 0·78% [4/514]), there was no significant difference b
etween smokers, ex-smokers and nonsmokers (P>0·05). 

5 Moller 2002 NA 12 weeks 

Intervention group (stopped 6–8 weeks before surgery) vs. control group (continuous smo

king): hematoma, wound infection 

Hematoma: 
There was no significant difference between intervention group (1·79% [1/56]) and contro

l group (7·69% [4/52]) (P=0·19) 

Infection: 
Infection rate was significantly decreased in the intervention group (3·57% [2/56]) compa

red with control group (23·08% [12/52]) (P=0·003). 

6 Araco 2008 

Postoperative infections were defined on th
e basis of clinical signs (e.g., cellulitis, pai

n, swelling, drainage, elevation of white bl

ood cells, fever), exudate cultures, superfici
al infections such as those involving the sk

in and subcutaneous tissues, and deep infec

tions including muscle and fascia. 

6 months 

Smokers (invited to stop smoking ≥4 weeks before surgery) vs. nonsmokers: infection rat
e 

Infection rate of smokers (1·2% [1/42]) significantly increased compared with nonsmokers

 (14·3% [12/42]) (P<0·001). 

7 Chan 2006 

Wound healing problems were divided into 
dehiscence, fat necrosis, infection, and the 

need for invasive interventions that include

d wound irrigation, debridement, or second

ary procedures. A dehiscence was recorded 

when a skin gap of more than 1cm2 was p
resent, whereas an infection was defined w

hen a wound culture was positive or when 

antibiotic therapy was commenced. It was 
also noted if there 

were immediate postsurgical problems. Isola

ted hematoma and seroma were not consid
ered to be wound-healing problems and ex

cluded. 

NA 

Continuous smoking vs. stop smoking <4 weeks vs. stop smoking >4 weeks vs. nonsmok

ers: wound healing problem  

Wound-healing problem: 

1. Still smoking vs. stopped <4 weeks: 67·74% (21/31) vs. 52·63% (10/19), P=0·29 

2. Still smoking vs. stopped >4 weeks: 67·74% (21/31) vs. 33·33% (5/15), P=0·03 
3. Still smoking vs. nonsmoker: 67·74% (21/31) vs. 33·65% (35/104), P=0·001 

4. Stopped <4 weeks vs. stopped >4 weeks: 52·63% (10/19) vs. 33·33% (5/15), P=0·26 

5. Stopped <4 weeks vs. nonsmoker: 52·63% (10/19) vs. 33·65% (35/104), P=0·11 
6. Stopped >4 weeks vs. nonsmoker: 33·33% (5/15) vs. 33·65% (35/104), P=0·98 

Compared with continuous smoking group, wound-healing problem rate was obviously inc

reased in stopped smoking>4 weeks group (P=0·03) and nonsmoker group (P=0·001). Ho
wever, no significant difference was found in other comparisons (P>0·05). 

8 Gravante 2007 

Postoperative infections were defined on th

e basis of clinical signs (cellulitis, pain, sw
elling, drainage, wound dehiscence, elevatio

n of white blood cells, fever) and microbio

logical cultures. 

NA 

Smokers (asked to stop smoking ≥4 weeks before surgery) vs. non-smokers: infection rat

e 

Infection rate of smokers (46·7% [14/30]) was larger than non-smokers (3·3% [1/30]) (P
=0·0001) 

9 Gravante 2008 

Postoperative infections were defined on th

e basis of clinical signs (cellulitis, pain, sw

elling, drainage, wound dehiscence, elevatio

6 months 

Smokers (instructed to stop smoking ≥4 weeks before surgery) vs. nonsmokers: infection 

rate 

Total infection rate of smokers (37·2% [16/43]) was increased compared with nonsmokers
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n of white blood cells, fever) and exudate 
cultures (in cases of wounds dehiscence or 

drainage). 

 (18·2% [8/44]) (P<0·05). 
However, for superficial infection rate, there was no significant difference between smoke

rs (27·9% [12/43]) and nonsmokers (15·9% [7/44]) (P>0·05).  

For deep infection rate, difference between smokers (5·7% [4/43]) and nonsmokers (9·3%
 [1/44]) was also not significant (P>0·05) 

10 Herrero 2020 NA 30 days 

Quit smoking (4-6 weeks before surgery) vs. smoking: infection rate 

Patients who quit smoking were less likely to experience infection (3·7% [2/80] vs 1

2·5% [8/120], P= 0·03), than smokers. 

11 Jung 2014 

Surgical site infections were defined as inf
ections that occur at the surgical site withi

n 30 days after operation, which were cate

gorized into three types (superficial, deep, 
and organspace) according to the US Cente

rs for Disease Control and Prevention. 

median 39 (0 to 46) 

months 

Nonsmokers vs. stop smoking ≥8 weeks before surgery vs. stop smoking 4 to <8 weeks 

before surgery vs. stop smoking 2 to <4 weeks before surgery vs. stop smoking <2 wee

ks before surgery: wound complication 
Wound complication (surgical site infection and wound dehiscence): 

1. Nonsmoker (1·0% [8/813]) vs. smoking cessation ≥8 weeks (2·6% [5/193]), P=0·08 

2. Nonsmoker vs. smoking cessation 4 to <8 weeks (4·9% [4/82]), P=0·003 
3. Nonsmoker vs. smoking cessation 2 to <4 weeks (2·5% [1/40]), P=0·36 

4. Nonsmoker vs. smoking cessation <2 weeks (5·3% [11/207]), P<0·001 

5. Smoking cessation ≥8 weeks vs. 4 to <8 weeks, P=0·33 
6. Smoking cessation ≥8 weeks vs. 2 to <4 weeks, P=1·000 

7. Smoking cessation ≥8 weeks vs. <2 weeks, P=0·17 

8. Smoking cessation 4 to <8 weeks vs. 2 to <4 weeks, P=1·000 
9. Smoking cessation 4 to <8 weeks vs. <2 weeks, P=0·88 

10. Smoking cessation 2 to <4 weeks vs. <2 weeks, P=0·45 

The study showed that wound complication rate was significantly increased in smoking c
essation 4 to <8 weeks and smoking cessation <2 weeks, compared with nonsmokers. 

12 Kuri 2005 NA NA 

Smokers vs. late quitters (between 8 and 21 days before surgery) vs. intermediate quitters

 (between 22 and 42 days before surgery) vs. early quitters (>43 days before surgery) v

s. nonsmokers: impaired wound healing 

Impaired wound healing: 

1. Smokers (85·7% [24/28]) vs. late quitters (67·6% [23/34]), P=0·10 
2. Smokers vs. intermediate quitters (55·0% [11/20]), P=0·02 

3. Smokers vs. early quitters (59·1% [39/66]), P=0·01 

4. Smokers vs. nonsmokers (47·5% [19/40]), P=0·001 
5. Late quitters vs. intermediate quitters, P=0·35 

6. Late quitters vs. early quitters, P=0·40 

7. Late quitters vs. nonsmokers, P=0·08 
8. Intermediate quitters vs. early quitters, P=0·75 

9. Intermediate quitters vs. nonsmokers, P=0·58 

10. Early quitters vs. nonsmokers, P=0·25 
Compared with smokers, impaired wound healing rate was obviously decreased in the int

ermediate quitters, early quitters, and nonsmokers. 

13 Quan 2019 NA 30 days 

Nonsmokers vs. stop smoking ≤2 weeks before surgery vs. stop smoking 2 to 4 weeks b

efore surgery vs. stop smoking ≥4 weeks before surgery: infection 
Surgical site infection: 

1. Nonsmokers vs. smoking cessation ≤2 weeks, P=0·25 

2. Nonsmokers vs. smoking cessation 2 to 4 weeks, P=0·36 
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3. Nonsmokers vs. smoking cessation ≥4 weeks, P=0·05 
4. Smoking cessation ≤2 weeks vs. smoking cessation 2 to 4 weeks, P=0·27 

5. Smoking cessation ≤2 weeks vs. smoking cessation ≥4 weeks, P=0·27 

6. Smoking cessation 2 to 4 weeks vs. smoking cessation ≥4 weeks, P=0·16 
For surgical site infection rate, there was no significant difference was found between ea

ch group. 

14 Sorensen 2003a NA 30 days 

Intervention group (asked to stop smoking 2–3 weeks before surgery) vs. control group 

(continuous smokers): infection rate 
Wound infection rate: 

There was no significant difference between intervention group (11% [3/27]) and control 

group (13% [4/30]) (P=1·00). 

15 Thomsen 2010 NA 12 months 

Intervention group (recommended from 2 days before to 10 days after surgery) vs. contro

l group (continuous smokers): infection, any wound complication 

Wound infection: 
There was no significant difference between intervention group (14% [8/57]) and control 

group (13% [8/62]) (P=0·86). 

Any wound complication: 
There was also no significant difference between intervention group (44% [25/57]) and c

ontrol group (45% [28/62]) (P=1·00) 

16 Yoshida 2015 

Surgical site infection (SSI) was defined as
 an infection that occurred within 30 days 

after surgery in the area of the body affect

ed by surgery and included superficial incis
ional, deep incisional, and organ/ space SSI 

NA 

No cessation (continuous smokers) vs. stop smoking 7 to 30 days before surgery vs. stop

 smoking 31 to 90 days before surgery vs. stop smoking ≥91 days before surgery vs. ne
ver smokers: infection 

For surgical site infection rate, there was no significant difference between continuous sm

okers group (33·3% [5/15]), stop smoking 7 to 30 days (32·1% [9/28]), stop smoking 31
 to 90 days (22·5% [9/40]), stop smoking ≥91 days (21·6% [22/102]), and never smoker

s (27·9% [17/61]) (P>0·05). 

17 Sorensen 2003b 

1. A wound infection was defined accordin

g to the National Prevalence Survey study 

group as purulent discharge with or withou
t wound dehiscence or painful, hot extendi

ng erythema indicative of cellulitis 

2. A wound rupture was defined as a com
plete separation of wound edges without si

gns of infection. 

14 weeks 
(each wound was fol

lowed up for 2 week

s) 

Continuous smokers vs. smoking abstinence (stopped 0, 4, 8, 12 weeks before surgery) v
s. never smokers: wound infection rate and wound rupture rate 

Wound infection: 

After 4 weeks of randomisation, wound infections were significantly fewer in the abstine
nt smoker group (3·45% [1/29]) compared with the group of continuous smokers (25% 

[4/16]), P=0·047). Similar differences were found after 8 weeks (current smokers vs. abst

inent smokers: 20% [3/15] vs. 0% [0/29], P=0·03) and 12 weeks (current smokers vs. ab
stinent smokers: 16·67% [1/6] vs. 0% [0/29], P=0·03) of randomisation. 

No significant difference was found in the rest comparisons. 

Wound rupture: 
At 4 and 12 weeks, no rupture occurred in the three groups. 

At 8 weeks, no significant difference was found in nonsmoker (0% [0/6], P=1·00) or ex-

smoker (6·90% [2/29], P=1·00), compared with continuous smoker (6·67% [1/15]). 
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18 Sorensen 2010 NA 

13 weeks 

(each wound was fol

lowed up for 1 wee
k) 

Never smokers vs. continuous smokers vs. abstinent smokers (0, 4, 8, 12 weeks before s
urgery): wound diameter, wound depth 

    The smokers’ wounds including continuous and abstinent smokers were smaller and 

more superficial than the wounds of the never smokers (P<0·01). After smoking cessatio
n, the abstinent smokers’ wound diameter remained unchanged compared with the smoke

r’s wounds (P=0·17). 

    The wound depth was not affected after the first 4 weeks of abstinence, but thereaft
er, the abstinent smoker’s wound depth increased (P<0·01). No significant difference in 

wound 

depth was found between the abstinent smokers and the never smokers. Also, no signific
ant difference was found between transdermal nicotine patch (TNP) and the placebo grou

p (data not described). 

19 Lindström 2008 

Wound complications Seroma (wound revisi

on, wound drainage or need for repeated w
ound dressings) 

Superficial wound infection (infection treate

d with antibiotics or repeated wound dressi
ngs) 

Deep wound infection (treated with surgical

 debridement) 
Hematoma (treated with surgical interventio

n, blood transfusion, or extra wound check

s) 
Wound dehiscence (redo surgery) 

Skin necrosis (surgical wound revision or r
epeated wound checks) 

Pressure wounds (wound revision or need f

or repeated wound dressings) 

30 days 

Smoking cessation 4 weeks before surgery vs. continuous smokers 

hematoma: 
smoking cessation 4 weeks (6% [3/48] vs. 13% [7/54], P=0·33) 

Wound infection: 

Smoking cessation 4 weeks (4% [2/48] vs. 7% [4/54], P=0·68) 
Seroma: 

Smoking cessation 4 weeks (6% [3/48] vs. 9% [5/54], P=0·72) 

Note: NA: not available.
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Appendix S8. Risk of bias for 58 studies included in the meta-analyses of the im

pacts of smoking and alcohol consumption 

 

 

(1) In the study participation domain, 46 studies (79%) exhibited a low risk of bias, and the remaining

 12 studies exhibited a moderate risk of bias (21%).  

(2) All of the 58 (100%) studies were graded as having a moderate risk of bias in the study attrition 

domain.  

(3) All but three of the low-risk-of-bias studies exhibited a moderate risk of bias in the prognostic fact

or measurement domain.  

(4) In the outcome measurement domain, 37 (64%) studies exhibited a low risk of bias, and 21 (36%) 

of the studies exhibited a moderate risk of bias.  

(5) All except seven high-risk studies exhibited a moderate risk of bias in the study confounding doma

in.  

(6) In the statistical analysis and reporting domain, 10 studies were rated as having a low risk of bias,

 and 48 studies (83%) were rated as having a moderate risk of bias.
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Appendix S9. List of studies about the impacts of smoking and alcohol consumpti

on on fracture healing and surgical site infection 

Comparison Outcomes 
No. of studies with 

sample size 

No. of studies withou

t sample size 

Smokers 
vs. 

non-smokers 

delayed union 3[1,4,20] - 

nonunion 
18[1,3-5,11,19,20,22-2

7,29,32,33,37,54] 
- 

time to union 2[1,51] - 

superficial surgical site infection 4[4,29,42,47] - 

deep surgical site infection 
17[4,9,10,19,21,24,29-
31,34,37,42,47-49,52,5

3] 

- 

undefined surgical site infection 
18[2,12-15,17,18,35,38

-41,43-46,50,57] 
1[7] 

normal union 5[1,4,20,28,36] - 

alcohol drinkers 
vs. 

non-drinkers 

nonunion 3[3,5,11] - 

time to union 1[1] - 

deep surgical site infection 2[6,8] - 

undefined surgical site infection 8[2,12,15,16,50,55-57] 1[7] 
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Appendix S10. Data of the studies comparing nonunion between smokers and non

-smokers 

No Study 
nonunion in 

smokers 

total 

smokers 

nonunion in 

non-smokers 

total non-

smokers 

Time point for diagnosis of 

nonunion after injury/surgery 

1 Askew 2011 2 21 2 9 6 months after surgery 

2 Blair 2016 7 48 9 136 9 months 

3 Bone 1997 3 18 8 29 6 months 

4 Chu 2018 

OR 3.90, 

95%CI (0.61–
25.21) 

24 NA 96 6 months after surgery 

5 Ding 2014 11 165 13 494 9 months after injury 

6 Donohue 2016 17 109 17 219 NA 

7 Enninghorst 2011 15 23 39 66 6 months 

8 Haller 2019 22 118 50 400 9 months 

9 Kent 2015 9 12 21 28 6 months 

10 Kim 2018 4 5 17 68 6 months after surgery 

11 Kuklo 2008 6 14 15 115 12 months after surgery 

12 Liu 2015 30 155 66 649 6 months after injury 

13 Moghaddam 2011 9 46 0 39 6 months 

14 Murray 2013 73 219 52 722 6 months after injury 

15 Ozbek 2017 14 19 24 56 12 months after surgery 

16 Subramanyam 2021 3 4 3 96 6 months after injury 

17 Thorud 2017 25 55 21 85 6 months after injury 

18 Zumsteg 2014 12 63 17 137 6 months 

19 Olson 2020b 

OR 1.9, 

95%CI (0.7–

5.0) 

75 NA 89 6 months 

Note: OR: odds ratio; NA: not available. 
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Appendix S11. Forest plot of meta-analysis of nonunion rate of alcohol drinkers 

vs. non-drinkers 
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Appendix S12. Forest plots of the meta-analyses of secondary outcomes of smoker

s vs. non-smokers 

Forest plots of the meta-analyses of S12a) undefined surgical site infection rate and S12b) normal unio

n rate of smokers vs. non-smokers 
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Appendix S13. Forest plots of the meta-analyses of secondary outcomes of alcohol

 drinkers vs. non-drinkers 

Forest plots of meta-analyses of S13a) deep surgical site infection rate and S13b) undefined surgical sit

e infection rate of alcohol drinkers vs. non-drinkers 
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Appendix S14. List of the studies and the results of the impacts of preoperative 

smoking cessation time, NRT, and vaping 

S14a. List of the studies and the results about the impacts of smoking cessation time on bone he

aling, wound healing, and wound complications 

Outcomes Preoperative cessation time 
Smoking cessation vs. conti

nuous smokers 

Smoking cessation vs. non

smokers 

Bone healing 

<1 month,  

>1 month 
1 study[104] 

1 to 6 months, 
>6 months post-operatively 

Impaired wound healin

g 

>3 weeks - 2 studies[106,115] 

≥4 weeks 1 study[115] 2 studies[106,115] 

Wound infection 

2 days before to 10 days after sur

gery 
1 study[118] - 

2 to 3 weeks 1 study[117] - 

≥3 weeks - 
7 studies[107,109,111,112,1

16,119,120] 

≥4 weeks 
6 studies[105,108,113,119,120,

122] 

6 studies[109,111,112,116,11

9,120] 

≥6 weeks 3 studies[108,119,120] - 

≥8 weeks 
2 studies[119,120] 

≥12 weeks 

Wound hematoma 

3 weeks - 1 study[107] 

4 weeks 1 study[122]  

6 to 8 weeks 1 study[108]  

Dehiscence 3 weeks - 1 study[107] 

Seroma 
3 weeks - 1 study[107] 

4 weeks 1 study[122] - 

Wound infection plus d
ehiscence 

<2 weeks 

2 to <4 weeks 
4 to <8 weeks 

≥8 weeks 

- 1 study[114] 

Wound healing proble

ms (dehiscence, fat nec
rosis, infection) 

<4 weeks 

>4 weeks 
- 1 study[110] 

 

One study including 357 patients showed that compared with continued smokers (22·2%) or non-smoke

rs (14·2%), the cessation of smoking at less than one month (20·2%) or more than one month (19·6%)

 before surgery, did not significantly change the bone nonunion rate after spinal fusion surgery.[104] T

he results of the study also showed that postoperative smoking cessation for one to six months (18·2%)

 or for more than six months (17·1%) did not change the nonunion rate, compared with continuous s

mokers (26·5%) or non-smokers (14·2%).  

 

One study also showed that compared with continuous smokers, smoking cessation for between three and six 

weeks (55·0% vs. 85·7%, P=0·02) and for more than six weeks (59·1% vs. 85·7%, P=0·01) significantly reduced 

the impaired wound healing rate.[115] 

 

However, one study[118] with 130 patients and another study[117] with 57 patients showed that no statistically 

significant difference was found in the comparison of smoking cessation for two days before surgery vs. 

continuous smokers (14% vs. 13%, respectively; P=0·86) and smoking cessation for between two and three weeks 

vs. continuous smokers (11% vs. 13%, respectively; P=1·00).  
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For other wound complications, one study including 748 patients showed that no significant difference was 

found in dehiscence or seroma between smoking cessation for three weeks before surgery and non-smokers.[107] 

Another study with 108 patients also showed that smoking cessation for six to eight weeks before surgery did not 

significantly reduce the hematoma rate, compared with continuous smokers.[108] One study[110] with 169 

patients and another study[114] with 1,335 patients showed that smoking cessation for four weeks or more 

significantly reduced the combination of wound complications, compared with continuous smokers, whereas there 

was no significant difference compared with non-smokers. 

 

S14b. List of studies and results about the impact of NRT and vaping on bone healing and woun

d complication 

Outcomes NRT NRT vs. continuous smokers 

Wound infection 

NRT (unknown in detail) 1 study[117] 

NRT as a partially way to quit smoking 1 study[113] 

Nicorette chewing gum as a partially way to quit smoking 1 study[122] 

Nicorette patch, nicorette chewing gum, nicorette resoriblet, ni

corette inhalat, or nicorette nasal spray 
1 study[105] 

Note: NRT: nicotine replacement therapy 

 

In two studies, NRT did not significantly reduce wound infection, compared with continued smokers.[105,117] I

n two studies, NRT was used as a part of the smoking cessation methods.[113,122] The results of wound infectio

n were inconsistent (3·7% vs. 12·5%, P=0·03; 4% vs. 7%, P=0·68). However, the cessation methods were differ

ent from each other.[113,122] In addition, no study concerning vaping that met inclusion and exclusion criteria 

was found. 
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Appendix S15. Forest plots of the meta-analyses of 15a) impaired wound healing 

rate of smoking cessation vs. non-smokers and 15b) hematoma rate of smoking c

essation vs. continuous smokers 
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Appendix S16. Funnel plots and Rucker’s test for publication bias 

Funnel plots of the meta-analyses of S16a) nonunion rate, S16b) deep surgical site infection (DSSI) rat

e, and S16c) undefined surgical site infection (SSI) rate of smokers vs. non-smokers 

 

 

 

Appendix S16d. Rucker’s test for publication bias 

Outcomes t value P value bias se.bias intercept 

Nonunion -0.41 0.69 -0.33 0.80 1.13 

DSSI -1.41 0.18 -0.79 0.56 1.01 

Undefined SSI 1.17 0.26 1.23 1.05 0.46 
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Appendix S17. Results of the dose-related analysis of outcomes 

When regarding the time to union, only one study[1] investigated alcohol drinkers who drank more than 28 g/day 

and non-drinkers. The results showed that the time to union in drinkers was significantly longer than that in non-

drinkers (OR 12·85, 95% CI [1·23–24·47], P=0·03, I2=NA). For undefined SSI, three studies[15,38,46] compared 

the effects of smoking more than 10 cigarettes/day, and one of the three studies[15] compared the effect of smoking 

more than 20 cigarettes/day with non-smokers. The results indicated that patients who had smoked more than 10 

cigarettes/day were associated with an obviously larger undefined SSI rate (OR 4·93, 95% CI [1·36–17·89], 

P=0·02, I2=33%). However, no significant difference was found between smokers who had smoked 20 

cigarettes/day and non-smokers (OR 3·86, 95% CI [1·00–14·96], P=0·05, I2=NA). Moreover, one study[15] 

compared undefined SSI between patients who drank more than 28 g/day and non-drinkers. However, no 

significant difference was found between the two groups (OR 2·79, 95% CI [0·77–10·08], P=0·12, I2=NA). 
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Appendix S18. Results of the subgroup analysis 1 

The results showed that the difference in the nonunion rate between smokers and non-smokers was not significant in studies where (1) age ≥60-years-old (t2 
wo studies with 103 patients,[1,26] odds ratio [OR] 2.06, 95% CI [0·07–62·65], P=0·68, I2=79%); (2) diabetes ≥20% (two studies with 217 patients,[11,26] 3 
OR 3·76, 95% CI [1·00–14·12], P=0·05, I2=39%); and (3) sample size ≤100 individuals (eight studies with 538 patients,[1,4,20,24,26,29,33,54] OR 2·64, 95%4 
 CI [0·93–7·55], P=0·07, I2=68%). For a comparison of drinkers vs. non-drinkers, the difference in the nonunion rate was not significant in studies in which5 
 (1) body mass index (BMI) >30 kg/m2 (one study with 144 patients,[11] OR 2·43, 95% CI [1·13–5·25], P=0·02, I2=NA), (2) diabetes ≥20% (one study wi6 
th 144 patients,[11] OR 2·43, 95%CI [1·13–5·25], P=0·02, I2=NA), and (3) sample size of between 101 and 300 individuals (one study with 144 patients,[17 
1] OR 2·43, 95% CI [1·13–5·25], P=0·02, I2=NA).  8 

 9 

Deep infection rate was no different in studies with (1) percentage of females ≥50% (two studies[4,47], OR 1·03, 95% CI [0·47–2·27], P=0·93, I2=0%); 10 
(2) mean or median ages ≥60-years-old (one study[49], OR 1·04, 95% CI [0·24–4·61], P=0·95, I2=NA); (3) mean or median BMI <25 kg/m2 (two studies[411 
9,52], OR 1·25, 95% CI [0·54–2·89], P=0·60, I2=0%) and BMI >30 kg/m2 (one study[47], OR 1·25, 95% CI [0·52–3·04], P=0·62, I2=NA); and (4) sample 12 
size ≤100 individuals (four studies[4,24,29,42], OR 0·89, 95% CI [0·36–2·19], P=0·80, I2=0%) and sample size between 701 and 1,000 individuals (one stud13 
y[47], OR 1·25, 95% CI [0·52–3·04], P=0·62, I2=NA). In addition, for undefined infection rate, the significant difference disappeared in studies with (1) per14 
centage of females ≥50% (six studies[13,14,18,39,46,98], OR 1·86, 95% CI [1·01–3·43], P=0·05, I2=44%); (2) mean or median ages ≥60-years-old (one stud15 
y[46], OR 0·64, 95% CI [0·02–17·82], P=0·80, I2=NA); and (3) sample size ≤100 individuals (three studies[15,38,46], OR 3·42, 95% CI [0·74–15·77], P=16 
0·12, I2=55%) and sample size >1,000 individuals (two studies[14,43], OR 2·04, 95% CI [1·00–4·18], P=0·05, I2=58%). However, for the remaining outcome17 
s, no obvious differences were found when the studies were divided into subgroups. 18 

 19 

For a comparison of drinkers vs. non-drinkers, a significant difference in nonunion rate was shown in studies (1) in which mean or median BMI >30 kg/20 
m2 (one study[11], OR 2·43, 95% CI [1·13–5·25], P=0·02, I2=NA); (2) percentage of diabetes ≥20% (one study[11], OR 2·43, 95% CI [1·13–5·25], P=0·02,21 
 I2=NA); and (3) sample size between 101 and 300 individuals (one study[11], OR 2·43, 95% CI [1·13–5·25], P=0·02, I2=NA). A significant difference was 22 
found in undefined SSI in studies with (1) BMI between 25 to 30 kg/m2 (one study,[57] OR 4·14, 95% CI [1·68–10·20], P=0·002, I2=NA); (2) percentage 23 
of diabetes <20% (five studies,[2,12,16,50,56] OR 1·52, 95% CI [1·02–2·27], P=0·04, I2=0%); and (3) sample size between 301 and 500 individuals (one st24 
udy,[57] OR 4·14, 95% CI [1·68–10·20], P=0·002, I2=NA). 25 

  Smokers vs. Non-smokers  Alcohol drinkers vs. Non-drinkers 

  n I2 OR [95% CI] p 
p for subgroup 

differences 
 n I2 OR [95% CI] p 

p for subgroup dif

ferences 

Delayed union             

Female% 
<50% 2 0% 1·76 (0·60–5·23) 0·31 0·26  - - - - - 

≥50% 1 - 0·42 (0·04–4·02) 0·45   - - - -  
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Age 
<60 2 0% 1·11 (0·34–3·56) 0·86 0·54  - - - - - 

≥60 1 - 2·15 (0·36–13·05) 0·40    - - - -  

Diabetes% 
<20% 1 - 0·42 (0·04–4·02) 0·45 -  - - - - - 

≥20% 0 - - -   - - - -  

Sample size 

≤100 3 0% 1·35 (0·51–3·59) 0·55 -  - - - - - 

101–300 0 - - -   - - - -  

301–500 0 - - -   - - - -  

501–700 0 - - -   - - - -  

701–1000 0 - - -   - - - -  

>1000 0 - - -   - - - -  

Confounders adjusted or not 
Adjusted 0 - - - -  - - - - - 

Not adjusted 3 0% 1·35 (0·51–3·59) 0·55   - - - -  

Study design 

RCT 0 - - - -  - - - - - 

cohort study 3 0% 1·35 (0·51–3·59) 0·55   - - - -  

case-control study 0 - - -   - - - -  

Nonunion             

Female% 
<50% 14 69% 2·67 (1·64–4·35) <0·0001 0·61   1 - 0·57 (0·21–1·54) 0·27 0·36 

≥50% 4 9% 2·25 (1·47–3·46) 0·0002   2 87% 1·22 (0·34–4·41) 0·76  

Age 
<60 16 65% 2·62 (1·78–3·84) <0·0001 0·89  3 77% 0·97 (0·40–2·38) 0·95 - 

≥60 2 79% 2·06 (0·07–62·65) 0·68    0 - - -  

BMI 

<25 1 - 2·12 (1·32–3·40) 0·002 0·37   1 - 0·66 (0·39–1·09) 0·10 0·005 

25–30 2 0% 4·75 (1·70–13·23) 0·003   0 - - -  

>30 2 0% 2·30 (1·28–4·13) 0·005   1 - 2·43 (1·13–5·25) 0·02  

Diabetes% <20% 10 39% 2·37 (1·54–3·65) <0·0001 0·52  1 - 0·57 (0·21–1·54) 0·27 0·02 
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≥20% 2 39% 3·76 (1·00–14·12) 0·05    1 - 2·43 (1·13–5·25) 0·02  

Sample size 

≤100 8 68% 2·64 (0·93–7·55) 0·07 0·81  0 - - - 0·01 

101–300 6 0% 2·37 (1·59–3·53) <0·0001   1 NA 2·43 (1·13–5·25) 0·02  

301–500 1 NA 2·20 (1·07–4·49) 0·03   0 - - -  

501–700 2 0% 1·87 (1·18–2·96) 0·007   1 NA 0·57 (0·21–1·54) 0·27  

701–1000 2 92% 3·72 (1·25–11·07) 0·02   1 NA 0·66 (0·39–1·09) 0·10  

>1000 0 - - -   0 - - -  

Confounders adjusted or not 
Adjusted 4 0% 2·71 (1·52–4·85) 0·0008 0·74   0 - - - - 

Not adjusted 15 70% 2·40 (1·56–3·69) <0·0001   3 77% 0·97 (0·40–2·38) 0·95  

Study design 

RCT 0 - - - 0·56   0 - - - - 

cohort study 9 36% 2·19 (1·25–3·84) 0·006    0 - - -  

case-control study 10 75% 2·73 (1·68–4·46) <0·0001   3 77% 0·97 (0·40–2·38) 0·95  

Time to union             

Female% 
<50% 2 0% 0·52 (-1·29–2·33) 0·57 -  1 - 12·85 (1·23–24·47) 0·03 - 

≥50% 0 - - -   0 - - -  

Age 
<60 1 - 0·58 (-1·25–2·41) 0·53 0·65  0 - - - - 

≥60 1 - -2·45 (-15·33–10·43) 0·71    1 - 12·85 (1·23–24·47) 0·03  

Diabetes% 
<20% 1 - 0·58 (-1·25–2·41) 0·53 -  - - - - - 

≥20% 0 - - -   - - - -  

Sample size 

≤100 2 0% 0·52 (-1·29–2·33) 0·57 -  1 - 12·85 (1·23–24·47) 0·03 - 

101–300 0 - - -   0 - - -  

301–500 0 - - -   0 - - -  

501–700 0 - - -   0 - - -  

701–1000 0 - - -   0 - - -  
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>1000 0 - - -   0 - - -  

Confounders adjusted or not 
Adjusted 0 - - - -  0 - - - - 

Not adjusted 2 0% 0·52 (-1·29–2·33) 0·57   1 - 12·85 (1·23–24·47) 0·03  

Study design 

RCT 0 - - - -  0 - - - - 

cohort study 1 - -2·45 (-15·33–10·43) 0·71   1 - 12·85 (1·23–24·47) 0·03  

case-control study 0 - - -   0 - - -  

Normal union             

Female% 
<50% 3 0% 

1·56 (0·56–4·33) 0·40  0·94   - - - - - 

≥50% 2 0% 1·64 (0·61–4·44) 0·33 
 

 - - - -  

Age 
<60 4 0% 1·87 (0·84–4·16) 0·13 0·40   - - - - - 

≥60 1 - 
0·88 (0·18–4·23) 0·87  

 
 - - - -  

BMI 

<25 0 - - - -  - - - - - 

25–30 1 - 1·44 (0·46–4·45) 0·53  
 

 - - - -  

>30 0 - 
- - 

 
 - - - -  

Diabetes% 
<20% 2 0% 1·64 (0·61–4·44) 0·62 -  - - - - - 

≥20% 0 - - - 
 

 - - - -  

Sample size 

≤100 4 0% 
1·72 (0·69–4·31) 0·25 0·81  - - - - - 

101–300 1 - 1·44 (0·46–4·45) 0·53   - - - -  

301–500 0 - - -   - - - -  

501–700 0 - 
- -  

 - - - -  

701–1000 0 - - -   - - - -  

>1000 0 - - -   - - - -  

Confounders adjusted or not 
Adjusted 0 - 

- - -  - - - - - 

Not adjusted 5 0% 1·60 (0·78–3·26) 0·20  
 

 - - - -  
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Study design 

RCT 1 - 2·64 (0·57–12·25) 0·22 0·77   - - - - - 

cohort study 3 0% 
1·35 (0·43–4·26) 0·61  

 
 - - - -  

case-control study 1 - 
1·44 (0·46–4·45) 0·53 

 
 - - - -  

SSSI             

Female% 
<50% 2 0% 1·48 (0·37–5·91) 0·58 0·82  - - - - - 

≥50% 2 0% 1·24 (0·68–2·25) 0·48   - - - -  

Age 
<60 4 0% 1·27 (0·73–2·21) 0·39 -  - - - - - 

≥60 0 - - -   - - - -  

BMI 

<25 0 - - - -  - - - - - 

25–30 0 - - -   - - - -  

>30 1 - 1·20 (0·65–2·22) 0·56   - - - -  

Diabetes% 
<20% 4 0% 1·27 (0·73–2·21) 0·39 -  - - - - - 

≥20% 0 - - -   - - - -  

Sample size 

≤100 3 0% 1·63 (0·47–5·66) 0·44 0·67  - - - - - 

101–300 0 - - -   - - - -  

301–500 0 - - -   - - - -  

501–700 0 - - -   - - - -  

701–1000 1 - 1·20 (0·65–2·22) 0·56   - - - -  

>1000 0 - - -   - - - -  

Confounders adjusted or not 
Adjusted 1 - 1·20 (0·65–2·22) 0·56 0·67  - - - - - 

Not adjusted 3 0% 1·63 (0·47–5·66) 0·44   - - - -  

Study design 

RCT 0 - - - -  - - - - - 

cohort study 3 0% 1·26 (0·71–2·26) 0·43   - - - -  

case-control study 0 - - -   - - - -  
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DSSI             

Female% 
<50% 13 0% 2·02 (1·63–2·50) <0·0001 0·11  2 0% 1·02 (0·64–1·62) 0·94 - 

≥50% 2 0% 1·03 (0·47–2·27) 0·93   0 - - -  

Age 
<60 13 0% 1·96 (1·58–2·44) <0·0001 0·41  2 0% 1·02 (0·64–1·62) 0·94 - 

≥60 1 - 1·04 (0·24–4·61) 0·95   0 - - -  

BMI 

<25 2 0% 1·25 (0·54–2·89) 0·60 0·34  1 - 1·03 (0·61–1·75) 0·91 0·94 

25–30 2 0% 2·12 (1·49–3·02) <0·0001   1 - 0·98 (0·37–2·62) 0·97  

>30 1 - 1·25 (0·52–3·04) 0·62   0 - - -  

Diabetes% 
<20% 15 4% 2·05 (1·67–2·52) <0·0001 -  2 0% 1·02 (0·64–1·62) 0·94 - 

≥20% 0 - - -   0 - - -  

Sample size 

≤100 4 0% 0·89 (0·36–2·19) 0·80 0·14  0 - - - 0·94 

101–300 5 0% 2·63 (1·77–3·91) <0·0001   0 - - -  

301–500 3 0% 2·17 (1·49–3·17) <0·0001   0 - - -  

501–700 3 0% 1·80 (1·29–2·50) 0·0005   1 - 0·98 (0·37–2·62) 0·97  

701–1000 1 - 1·25 (0·52–3·04) 0·62   0 - - -  

>1000 1 - 3·40 (1·53–7·56) 0·003   1 - 1·03 (0·61–1·75) 0·91  

Confounders adjusted or not 
Adjusted 4 0% 1·92 (1·39–2·64) <0·0001 0·67  0 - - - - 

Not adjusted 13 12% 2·10 (1·60–2·75) <0·0001   2 0% 1·02 (0·64–1·62) 0·94  

Study design 

RCT 0 - - - 0·82  0 - - - - 

cohort study 7 23% 2·09 (1·38–3·17) 0·0005   0 - - -  

case-control study 9 0% 1·98 (1·56–2·50) <0·0001   2 0% 1·02 (0·64–1·62) 0·94  

Undefined SSI             

Female% 
<50% 10 32% 3·06 (2·12–4·43) <0·0001 0·33  8 53% 1·44 (0·89–2·32) 0·14 - 

≥50% 5 55% 1·93 (0·82–4·55) 0·13   0 - - -  
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Age 
<60 15 69% 3·44 (2·11–5·60) <0·0001 0·33  8 53% 1·44 (0·89–2·32) 0·14 - 

≥60 1 - 0·64 (0·02–17·82) 0·80    0 - - -  

BMI 

<25 0 - - - -  1 - 1·42 (0·72–2·79) 0·31 - 

25–30 4 60% 2·98 (1·12–7·95) 0·03   1 - 4·14 (1·68–10·20) 0·002  

>30 0 - - -   0 - - -  

Diabetes% 
<20% 12 74% 3·44 (1·98–5·98) <0·0001 0·43  5 0% 1·52 (1·02–2·27) 0·04 0·54 

≥20% 2 0% 3·11 (1·52–6·40) 0·002   2 66% 2·30 (0·66–8·00) 0·19  

Sample size 

≤100 3 55% 3·42 (0·74–15·77) 0·12 0·001  1 - 1·16 (0·37–3·62) 0·80 0·96 

101–300 7 58% 2·44 (1·19–5·04) 0·02   2 0% 1·61 (0·79–3·27) 0·19  

301–500 2 2% 5·73 (2·97–11·04) <0·0001   1 - 4·14 (1·68–10·20) 0·002  

501–700 3 0% 2·90 (1·70–4·93) <0·0001   1 - 1·31 (0·58–2·96) 0·52  

701–1000 1 - 25·56 (9·16–71·33) <0·0001   2 81% 0·90 (0·16–5·24) 0·91  

>1000 2 58% 2·04 (1·00–4·18) 0·05   1 - 1·42 (0·72–2·79) 0·31  

Confounders adjusted or not 
Adjusted 5 5% 2·59 (1·70–3·93) <0·0001 0·36   4 63% 1·18 (0·51–2·74) 0·71 0·78 

Not adjusted 14 73% 3·55 (2·07–6·09) <0·0001   5 67% 1·37 (0·75–2·50) 0·31  

Study design 

RCT 0 - - - 0·37   0 - - - 0·12 

cohort study 7 20% 2·23 (1·45–3·44) 0·0003 

 
 3 0% 0·82 (0·53–1·28) 0·39  

case-control study 11 75% 3·24 (1·85–5·69) <0·0001 

 
 6 66% 1·51 (0·81–2·83) 0·20  

Note: OR: odds ratio; CI: confidence interval; RCT: randomised controlled trial; BMI: body mass index; SSSI: superficial surgical site infection; DSSI: deep 1 
surgical site infection; SSI: surgical site infection. 2 

The subgroup analyses showed that the impact of smoking on increasing rates of nonunion, DSSI, and undefined SSI was not obvious in elderly patients an3 

d studies with small sample sizes. For diabetic patients, smoking did not have an obvious impact on nonunion. Moreover, there was no significant impact of4 
 smoking on infection in female patients. In addition, smoking also had no impact on DSSI in normal weight and obese patients, as well as in studies with5 

 sample sizes of 701 to 1,000 individuals. For undefined SSI, smoking had no impact in studies with sample sizes over 1,000 individuals. However, due to 6 
the small number of studies that were included in these subgroups, this result requires more clinical studies to verify its stability. This was the same study i7 

n which drinking had a negative effect on nonunion in diabetic and obese patients, as well as the study with a small sample size. In addition, drinking had 8 
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a negative impact on undefined SSI in overweight patients, non-diabetic patients, and studies with 301 to 500 patients. These results also require more resea1 
rch to verify. 2 
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Appendix S19. Results of the sensitivity analysis 1 

We also conducted a sensitivity analysis for the outcomes to identify potential heterogeneity. The results of the sensitivity analysis showed that the nonunion 2 
rate was not different between smokers and non-smokers in one study[11] including 144 patients with a low risk of bias in the prognostic factor measureme3 
nt domain (odds ratio [OR] 2·43, 95% CI [1·13–5·25], P=0·02) and two studies[22,58] including 284 patients with a low risk of bias in the statistical analy4 
sis and reporting domain (OR 2·23, 95% CI [0·93–5·38], P=0·07)· For the comparison between alcohol drinkers and non-drinkers, the difference in the nonu5 
nion rate became significant in one study[11] with a low risk of bias in the prognostic factor measurement domain (OR 2·43, 95% CI [1·13–5·25], P=0·02). 6 

 7 

We found that two studies[15,46] investigating undefined SSI (OR 1·82, 95% CI [0·62–5·38], P=0·28, I2=0%), which had a low risk of bias in the progn8 
ostic factor measurement domain, were possible causes of heterogeneity. One study[22] that evaluated the effects of smoking on nonunion (OR 3·90, 95% CI9 
 [0·61–24·94], P=0·15, I2=NA) could also be a reason for the heterogeneity because of the low risk of bias in the statistical analysis and reporting domain. 10 
In addition, two studies[4,49] investigating DSSI (OR 0·76, 95% CI [0·25–2·35], P=0·64, I2=0%) may be possible causes of heterogeneity because of a clear11 
 description of non-pathological fracture. The remaining factors did not show obvious causes of heterogeneity.  12 

 13 

For the comparison of alcohol drinkers vs. non-drinkers, we found that one study[11] investigating the nonunion rate (OR 1·02, 95% CI [1·13–5·25], P=14 
0·02, I2=NA), which had a low risk of bias in the prognostic factor measurement domain, was a possible cause of heterogeneity. Six studies[2,12,15,50,56,515 
7] investigating the impact of alcohol consumption on undefined SSI (OR 1·84, 95% CI [1·23–2·77], P=0·003, I2=1%), which had a low risk of bias in the 16 
outcome measurement domain, were possible causes of heterogeneity. 17 

 18 

 Smokers vs. Non-smokers Alcohol drinkers vs. Non-drinkers 

 No. of  

studies 
I2 OR (95% CI) p 

No. of stu

dies 
I2 OR (95% CI) p 

1. Studies without fund assisted         

Delayed union rate 2 0% 1·11 (0·34–3·56) 0·86 - - - - 

Nonunion rate 15 64% 2·55 (1·71–3·81) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 4 0% 1·87 (0·84–4·16) 0·13 - - - - 

Time to union - - - - - - - - 

SSSI 3 0% 1·25 (0·71–2·20) 0·43 - - - - 
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DSSI 13 8% 2·13 (1·67–2·71) <0·0001 1 - 1·03 (0·61–1·75) 0·91 

Undefined SSI 15 71% 3·33 (1·98–5·60) <0·0001 5 25% 1·12 (0·75–1·67) 0·58 

2. Studies with low risk_study Participation         

Delayed union rate 2 19% 1·10 (0·23–5·36) 0·90  - - - - 

Nonunion rate 15 53% 2·75 (1·92–3·95) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 3 0% 1·37 (0·59–3·18) 0·46 - - - - 

Time to union 2 0% 0·52 (-1·29–2·33) 0·57 1 - 12·85 (1·23–24·47) 0·03 

SSSI 3 0% 1·26 (0·71–2·26) 0·43  - - - - 

DSSI 12 0% 1·91 (1·52–2·40) <0·0001 2 0% 1·02 (0·64–1·62) 0·94 

Undefined SSI 16 65% 3·20 (2·10–4·88) <0·0001 8 53% 1·44 (0·89–2·32) 0·14 

3. Studies with low risk_prognostic Factor Measurement         

Nonunion rate 1 - 2·15 (0·88–5·23) 0·09 1 - 2·43 (1·13–5·25) 0·02 

Undefined SSI 2 0% 1·82 (0·62–5·38) 0·28 1 - 1·16 (0·37–3·62) 0·80 

4. Studies with low risk_outcome Measurement         

Delayed union rate 1 - 2·15 (0·36–13·05) 0·40  - - - - 

Nonunion rate 13 70% 2·72 (1·76–4·22) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 1 - 0·88 (0·18–4·23) 0·87 - - - - 

Time to union 1 - -2·45 (-15·33–10·43) 0·71 1 - 12·85 (1·23–24·47) 0·03 

SSSI 1 - 1·20 (0·65–2·22) 0·56 - - - - 

DSSI 9 0% 1·97 (1·57–2·48) <0·0001 2 0% 1·02 (0·64–1·62) 0·94 

Undefined SSI 14 67% 3·63 (2·32–5·67) <0·0001 6 1% 1·84 (1·23–2·77) 0·003 

5. Studies with low risk_statistical Analysis and Reporting         

Nonunion rate 2 0% 2·23 (0·93–5·38) 0·07 - - - - 

SSSI 1 - 1·20 (0·65–2·22) 0·56 - - - - 
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DSSI 4 0% 1·92 (1·39–2·64) <0·0001 - - - - 

Undefined SSI 4 37% 2·12 (1·18–3·82) 0·01 2 0% 2·14 (0·97–4·70) 0·06 

6. Studies without mandible and spine fracture         

Delayed union rate 3 0% 1·35 (0·51–3·59) 0·55 - - - - 

Nonunion rate 18 65% 2·45 (1·67–3·59) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 4 0% 1·39 (0·62–3·12) 0·42 - - - - 

Time to union 2 0% 0·52 (-1·29–2·33) 0·57 - - - - 

SSSI 4 0% 1·27 (0·73–2·21) 0·39 - - - - 

DSSI 16 1% 2·07 (1·70–2·52) <0·0001 2 0% 1·02 (0·64–1·62) 0·94 

Undefined SSI 19 66% 3·11 (2·09–4·63) <0·0001 9 60% 1·28 (0·81–2·03) 0·29 

7. Studies with fractures in single location         

Delayed union rate 3 0% 1·35 (0·51–3·59) 0·55 - - - - 

Nonunion rate 17 67% 2·47 (1·63–3·74) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 5 0% 1·60 (0·78–3·26) 0·20  - - - - 

Time to union 2 0% 0·52 (-1·29–2·33) 0·57 1 - 12·85 (1·23–24·47) 0·03 

SSSI 3 0% 1·26 (0·71–2·26) 0·43 - - - - 

DSSI 14 10% 2·06 (1·62–2·62) <0·0001 - - - - 

Undefined SSI 15 69% 3·15 (2·00–4·97) <0·0001 7 39% 1·00 (0·66–1·51) 1·00 

8. Studies without case series         

Delayed union rate 3 0% 1·35 (0·51–3·59) 0·55 - - - - 

Nonunion rate 19 64% 2·50 (1·73–3·61) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 5 0% 1·60 (0·78–3·26) 0·20  - - - - 

Time to union 1 - -2·45 (-15·33–10·43) 0·71 1 - 12·85 (1·23–24·47) 0·03 

SSSI 3 0% 1·26 (0·71–2·26) 0·43 - - - - 
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DSSI 16 1% 2·03 (1·67–2·47) <0·0001 2 0% 1·02 (0·64–1·62) 0·94 

Undefined SSI 18 66% 2·94 (1·98–4·38) <0·0001 9 60% 1·28 (0·81–2·03) 0·29 

9. Studies with non-pathological fractures         

Delayed union rate 2 19% 1·10 (0·23–5·36) 0·90  - - - - 

Nonunion rate 10 70% 3·03 (1·76–5·22) <0·0001 3 77% 0·97 (0·40–2·38) 0·95 

Normal union rate 3 0% 1·37 (0·59–3·18) 0·46 - - - - 

Time to union 1 - -2·45 (-15·33–10·43) 0·71 1 - 12·85 (1·23–24·47) 0·03 

SSSI 1 - 2·45 (0·14–42·82) 0·54 - - - - 

DSSI 2 0% 0·76 (0·25–2·35) 0·64 2 0% 1·02 (0·64–1·62) 0·94 

Undefined SSI 6 3% 3·73 (2·37–5·87) <0·0001 6 66% 1·51 (0·81–2·83) 0·20 

10. Studies with operative treatment         

Delayed union rate 1 - 0·42 (0·04–4·02) 0·45 - - - - 

Nonunion rate 9 43% 2·90 (1·76–4·79) <0·0001 1 - 0·57 (0·21–1·54) 0·27 

Normal union rate 3 0% 2·07 (0·80–5·41) 0·14 - - - - 

Time to union 1 - 0·58 (-1·25–2·41) 0·53 - - - - 

SSSI 3 0% 1·25 (0·71–2·20) 0·43 - - - - 

DSSI 13 7% 2·11 (1·67–2·65) <0·0001 2 0% 1·02 (0·64–1·62) 0·94 

Undefined SSI 17 70% 3·19 (2·05–4·96) <0·0001 7 68% 1·23 (0·71–2·15) 0·46 

11. Removing one study at a time for outcomes with high hetero

geneity 
        

Nonunion rate excluding Ding 2014     2 87% 1·22 (0·34–4·41) 0·76 

Nonunion rate excluding Liu 2015     2 81% 1·22 (0·29–5·09) 0·79 

Nonunion rate excluding Thorud 2017     2 0% 0·64 (0·40–1·00) 0·05 

12. Removing three studies with high OR for smoking and nonun

ion as reviewer suggested (Kim 2018, OR 12; Moghaddam 2011, 
OR 20.01; Subramanyam 2021, OR 93.00) 
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Nonunion rate 16 61% 2·22 (1·57–3·14) <0·0001     

Note: OR: odds ratio; SSSI: superficial surgical site infection; DSSI: deep surgical site infection; SSI: surgical site infection. 1 

The sensitivity analysis showed that studies with a low risk of bias in the prognostic factor measurement domain, outcome measurement domain, and statisti2 
cal analysis and reporting domain changed the trend of the results regarding nonunion and undefined SSI. This change may be because the number of studie3 
s that met the sensitivity analysis was only one or two studies, which indicates that more studies with a low risk of bias in these two domains are needed 4 
to verify the results. High heterogeneity was found in quantitative synthesis for the impact of alcohol consumption on nonunion rate. After removing one stu5 
dy at a time for nonunion rate, we found that although the impact of alcohol consumption on nonunion rate was still not significant, the heterogeneity signi6 
ficantly decreased after the study Throrud 2017 was removed (OR 0·97, 95% CI [0·40–2·38], I2=77% to OR 0·64, 95% CI [0·40–1·00], I2=0%). Therefore, 7 
Thorud 2017 may lead to the heterogeneity. The possible reasons for this heterogeneity might be (1) the included sample size is small (n=144) and (2) the 8 
expanded definition of nonunion, that not only included fractures that failed to union after 6 months after fracture diagnosis, but also included fractures that 9 
failed to meet criteria with correctional surgery before 6 months after fracture diagnosis. The authors in the Thorud 2017 did not describe what "failure to 10 
meet criteria with correctional surgery before 6 months after fracture diagnosis" meant. We thought this might mean that the radiographic results show that t11 
he fracture alignment is not satisfactory within 6 months after fracture diagnosis, which might lead to reoperation and increase the number of final nonunion 12 
cases. For the impact of smoking on nonunion, three studies with high ORs (Kim 2018, Moghaddam 2011, and Subramanyam 2021) were included in the m13 
eta-analysis. The high ORs of the three studies may be due to the small sample size (Kim 2018, n=73; Moghaddam 2011, n=85; Subramanyam 2021, n=1014 
0). We conducted a sensitivity analysis by removing these three studies to confirm the stability of the results and found the results did not significantly cha15 
nged (from OR 2·50, 95% CI [1·73–3·61] to OR 2·22, 95% CI [1·57–3·14]), which means that the results are stable.16 
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Appendix S20. Problems in the included studies in four previous systematic reviews concerning the effects of smoking on no1 

nunion and surgical site infection 2 

Problems in the included studies in four previous systematic reviews about smoking and nonunion were described in Appendix S20a and S20b. Problems in3 
 the included studies in four previous systematic reviews about smoking and surgical site infection were described in Appendix S20c and S20e. Result of r4 
ecalculation of smoking and surgical site infection data from Shao J 2018 was shown in Appendix S20d. Conclusion of problems in the included studies w5 

as described in Appendix S20f. 6 

S20a. Problems in the included studies about smoking and nonunion in Tian RF 2020 7 

No. 
No. of reference in previo

us systematic reviews 
Author/Publication year 

outcomes 

(smokers) 

total  

(smokers) 

outcomes 

(non-smokers) 

total  

(non-smokers) 
Problems in the included studies 

1 19 O'Halloran K 2016 nonunion (29) 153 nonunion (27) 229  

2 39 Jin PF 2018 nonunion (13) 63 nonunion (13) 134 

This is a clinical study in Chinese with low 

quality. In addition, no definition of nonunio
n was described. 

3 45 Dailey HL 2018 nonunion (38) 244 nonunion (36) 261 No time period of nonunion was described. 

4 46 Singh A 2018 nonunion (16) 26 nonunion (28) 77 

There was no definition of nonunion. In addi

tion, the study uses nonunion in several sente

nces to describe this outcome, and uses delay
ed union in other sentences and Table 3, whi

ch is difficult to understand. 

5 50 Zura R 2017 nonunion (178) 1573 nonunion (766) 11235 No time period of nonunion was described. 

6 57 Blair JA 2016 nonunion (7) 48 nonunion (9) 136  

7 94 Lack WD 2014 nonunion (6) 90 nonunion (7) 86 

The study did not describe whether the inclu

ded patients were adults or the age range of 
the patients. 

8 113 Enninghorst N 2011 nonunion (10) 23 nonunion (16) 63  

9 135 Harvey EJ 2002 nonunion (42) 62 nonunion (20) 48 

Patients under 18-years old (15–76 years) we

re included. In addition, Tian RF et al miscal

culated the outcome of nonunion. Only ununi
ted (not healed at the end of the study) was 

considered non-union, but late union (between

 270 days and final follow-up) was not inclu
ded. 

 8 

S20b. Problems in the included studies about smoking and nonunion in Pearson RG 2016 9 
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No. 
No. of reference in previou

s systematic reviews 
Author/Publication year 

outcomes 

(smokers) 

total  

(smokers) 

outcomes 

(non-smokers) 

total  

(non-smokers) 
Problems in the included studies 

1 5 Kyro A 1993 nonunion (36) 72 nonunion (20) 63 
We were unable to verify whether the study met
 the inclusion and exclusion criteria because we 

could not obtain the literature even by email. 

2 6 Schmitz MA 1999 nonunion (2) 44 nonunion (0) 64  

3 7 Adams CI 2001 nonunion (46) 140 nonunion (33) 133 
Patients under 18-years old (13–90 years) were i
ncluded. In addition, no time period of nonunion

 was described. 

4 8 Harvey EJ 2002 nonunion (42) 62 nonunion (20) 48 

Patients under 18-years old (15–76 years) were i
ncluded. In addition, Pearson RG et al. miscalcu

lated the outcome of nonunion. Only ununited 

(not healed at the end of the study) was consid
ered non-union, but late union (between 270 day

s and final follow-up) was not included. 

5 9 Mckee MD 2003 nonunion (10) 47 nonunion (2) 39 
Patients under 18-years old (17–70 years) were i
ncluded. In addition, no definition of nonunion 

was described. 

6 10 Castillo RC 2005 nonunion (34) 187 nonunion (8) 81 
Patients under 18-years old (16–69 years) were i

ncluded. 

7 11 Ristiniemi J 2007 
delayed union 

(7) 
16 

delayed union 

(5) 
31 

Patients under 18-years old (15–79 years) were i

ncluded. Control group (non-current smokers) ma

y include former smokers. In addition, Pearson 
RG et al. mistook delayed union (16–24 weeks) 

as nonunion in their study. 

8 12 Enninghorst N 2011 nonunion (10) 23 nonunion (16) 63  

9 13 Moghaddam A 2011 nonunion (9) 46 nonunion (0) 39  

10 14 Ahmed 2018 nonunion (8) 8 nonunion (10) 10 

Although no definition of nonunion was describe

d, time to union of each fracture was recorded. 

However, Pearson RG et al. incorrectly defined 
the time period of nonunion. 

11 15 Ding L 2014 nonunion (11) 165 nonunion (13) 494  

12 16 Tay WH 2014 
delayed union or 

nonunion (66) 
161 

delayed union or 

nonunion (72) 
262 Delayed union and nonunion were mixed. 

13 17 Liu W 2015 nonunion (30) 155 nonunion (66) 649  

14 18 Ruffolo MR 2015 nonunion (5) 54 nonunion (9) 86 
Patients under 18-years old (16–78 years) were i

ncluded. 

 1 

S20c. Problems in the included studies about smoking and surgical site infection in Shao J 2018 2 
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In Shao J 2018, five studies were included in the meta-analysis, but the authors did not describe which five studies were. We re-screened the literature inclu1 
ded in the Shao J 2018 and found that two more studies could be included in meta-analysis. Therefore, we listed these seven studies below and performed 2 
meta-analysis again using the data (Appendix S20d). 3 

No. 
No. of reference in Shao J

 2018 
Author/Publication year 

outcomes 

(smokers) 

total  

(smokers) 

outcomes 

(non-smokers) 

total  

(non-smokers) 
Problems in the included studies 

1 4 Korim MT 2014 infection (8) 18 infection (21) 692   

2 13 Nasell H 2011  
DSSI (9) 

SSSI (27) 
183 

DSSI (6) 

SSSI (69) 
708 

Patients under 18-years old (≥15 years) were incl

uded. 

3 22 Olsen LL 2017 
DSSI (21) 

infection (39) 
283 

DSSI (43) 

infection (106) 
760 

Patients under 18-years old (9–95 years) were inc

luded. 

4 25 Sun R 2017 infection (11) 262 infection (35) 985 
Control group (non-current smokers) may include 

former smokers. 

5 26 Sun Y 2018  infection (13) 355 infection (53) 1155 
Control group (non-current smoking) may include 
former smokers. 

6 28 Naumann MG 2016 infection (10) 136 infection (19) 431 
Control group (non-current smokers) may include 

former smokers. 

7 48 Ovaska MT 2013 DSSI (47) 64 DSSI (84) 198   

 4 

S20d. Resynthesis of data on smoking and surgical site infection from Shao J 2018 5 

 6 

 7 

S20e. Problems in the included studies about smoking and surgical site infection in Kortram K 2017 8 

No. 
No. of reference in previo

us systematic reviews 
Author/Publication year 

outcomes 

(smokers) 

total  

(smokers) 

outcomes 

(non-smokers) 

total  

(non-smokers) 
Problems in the included studies 
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1 20 Enninghorst N 2011 infection (4) 23 infection (11) 66   

2 23 Molina CS 2015 DSSI (30) 149 DSSI (27) 206 

Patients under 18-years old (≥15 years) were incl

uded. In addition, control group (non-active smok
er) may include former smokers. 

3 24 Ovaska MT 2016 
no available da

ta 
32 no available data 78 

Patients under 18-years old (≥16 years) were incl

uded. Kortram K et al. mistook wound necrosis a

s wound infection in their study. 

4 25 Lawing CR 2015 
SSSI (4) 

DSSI (11) 
73 

SSSI (12). 
DSSI (25) 

278 

Patients under 18-years old (≥10 years) were incl

uded. Control group (None to less than half a pa

ck per day) may include smokers. 

5 27 Lack WD 2014 infection (8) 39 infection (16) 98 
The study did not describe the patients’ age rang

e. 

6 33 Zumsteg JW 2014 DSSI (4) 63 DSSI (6) 137  

7 36 Reuss BL 2007 infection (4) 20 infection (3) 34 
Patients under 18-years old (>17 years) were incl

uded. 

8 37 Castillo RC 2005 infection (37) 187 infection (12) 81 
Patients under 18-years old (16–69 years) were in
cluded. 

9 38 Adams CI 2001 

Pin track infect

ion (8) 
soft tissue infe

ction (21) 

DSSI (14) 

140 

Pin track infectio

n (9) 
soft tissue infecti

on (13) 

DSSI (14) 

133 
Patients under 18-years old (13–90 years) were in

cluded. 

10 39 Merritt K 1988 infection (6) 34 infection (7) 36 

The study did not describe minimum age of the 

patients (<20, 21–40, 41–60, >60 years). Therefor

e, patients under 18 years old may be included. 

11 40 Penn-Barwell JG 2016 infection (5) 23 infection (12) 44 
The study did not describe whether the included 
patients were adults or the age range of the patie

nts. 

Note: SSSI: superficial surgical site infection; DSSI: deep surgical site infection. 1 

 2 

S20f. Conclusion of problems in previous studies that led to unreliable results 3 

Most of the studies that were included in previous systematic reviews were inappropriate for the following reasons:  4 

(1) Lack of time period in the definition of nonunion used for evaluation.[35,79,123-128]  5 

(2) Delayed union and nonunion were mixed.[129]  6 

(3) Patients under 18-years-old[123,124,126,127,130-137] were included, or the studies had no descriptions of the age ranges of patients.[138-140]  7 
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(4) The control group may have included former smokers.[16,75,98,134,141,142] 1 

(5) One study[125] in the Chinese language was included in the data synthesis, which may have reduced the quality of evidence and may have created bias.[143] 2 

(6) Uncomprehensive search strategies were performed. 3 
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Appendix S21. Problems in the included studies in two previous systematic reviews about effects of alcohol drinking on non1 

union and surgical site infection 2 

S21a. Problems in the included studies about alcohol drinking and nonunion in Tian RF 2020 3 

No. 
No. of reference in previo

us systematic reviews 

Author/Publication y

ear 

outcomes 

(alcohol drinkers) 

total  

(alcohol drinkers) 

outcomes 

(non-drinkers) 

total  

(non-drinkers) 
Problems in the included studies 

1 19 O'Halloran K 2016 nonunion (20) 104 nonunion (36) 278 
Control group (non-drinkers or social drinker

s) may include alcohol drinkers. 

2 50 Zura R 2017 nonunion (22) 244 nonunion (922) 12564 

Control group (non-alcoholism) may include a

lcohol drinkers. In addition, no time period o

f nonunion was described. 

 4 

S21b. Problems in the included studies about alcohol drinking and surgical site infection in Shao J 2018 5 

In Shao J 2018, three studies were included in the meta-analysis, but the authors did not describe which three studies were. We re-screened the literature in6 
cluded in the Shao J 2018 and found that two more studies could be included in meta-analysis. Therefore, we listed these five studies below and performed7 
 meta-analysis again using the data (Appendix S21c). 8 

 9 

No. 
No. of reference in previo

us systematic reviews 

Author/Publication y

ear 

outcomes 

(alcohol drinkers) 

total  

(alcohol drinkers) 

outcomes 

(non-drinkers) 

total  

(non-drinkers) 
Problems in the included studies 

1 4 Korim MT 2014 infection (5) 6 infection (24) 704 
Control group (non-excess alcohol drinkers) m

ay include drinkers. 

2 22 Olsen LL 2017 
DSSI (22) 

infection (47) 
243 

DSSI (42) 

infection (97) 
800 

Patients under 18-years old (9–95) were includ

ed. In addition, control group (non-alcohol ove
ruse) may include alcohol drinkers. 

3 25 Sun R2017 infection (12) 251 infection (34) 996   

4 26 Sun Y2018  infection (11) 150 infection (55) 1360 
Control group (non-alcoholism) may include al
cohol drinkers. 

5 48 Ovaska MT2013  DSSI (29) 41 DSSI (102) 160 
Control group (non-alcohol abuser) may includ

e drinkers. 

Note: DSSI: deep surgical site infection. 10 

 11 

 12 

 13 
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 1 

S21c. Resynthesis of data on alcohol drinking and surgical site infection from Shao J 2018 2 

 3 

 4 

S21d. Problems in the included studies about alcohol drinking and surgical site infection in Kortram K 2017 5 

In Kortram K 2017, three studies were included in the meta-analysis, and the authors clearly described which three studies were. However, outcome that wa6 
s described in one study Ovaska MT 2016 was wound necrosis rather than wound infection. In Ovaska MT 2016, 10 of 18 patients with wound necrosis w7 
ere considered patients with wound infection. However, Kortram K 2017 considered those 18 patients with wound necrosis as wound infection. Since the nu8 
mber of infection events in alcohol drinker group and non-drinker group was not clearly described in Ovaska MT 2016, we used the data of remaining two 9 
studies to perform resynthesis (Appendix S21e).  10 

 11 

No. 
No. of reference in previo

us systematic reviews 

Author/Publication y

ear 

outcomes 

(alcohol drinkers) 

total  

(alcohol drinkers) 

outcomes 

(non-drinkers) 

total  

(non-drinkers) 
Problems in the included studies 

1 24 Ovaska MT 2016 no available data 39 no available data 71 

Firstly, patients under 18-years old (≥16 years)

 were included. Secondly, control group (non-a
lcohol abuser) may include drinker. Lastly, out

come in Ovaska MT 2016 was necrosis rather 

than infection. Ten of 18 patients with wound 
necrosis were considered to have a deep infect

ion. However, Kortram K 2017 considered tho

se 18 patients with necrosis as patients with 

wound infection. 

2 25 Lawing CR 2015 
SSSI (8) 

DSSI (22) 
159 

SSSI (8) 

DSSI (14) 
192 

Patients under 18-years old (≥10 years) were i

ncluded. In addition, control group (none or o
ccasional drinker) may include drinker. 
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3 39 Merritt K 1988 infection (7) 35 infection (6) 35 

The study did not describe minimum age of t
he patients (<20, 21–40, 41–60, >60 years). T

herefore, patients under 18 years old may be i

ncluded. 

Note: SSSI: superficial surgical site infection; DSSI: deep surgical site infection. 1 

 2 

S21e. Resynthesis of data on alcohol drinking and surgical site infection from Kortram K 2017 3 

 4 

 5 
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Appendix S22. Problems in the two previous meta-analyses concerning the effects of preoperative smoking cessation time on 

wound healing and wound complications 

No 

Study/st

udy desi

gn 

Included s

tudies 
Surgery 

Smoking cessa

tion time 

Outcomes 

(cessation) 

total 

(cess

atio

n) 

Outcomes 

(continued smokers) 

total 

(contin

ued s

moker

s) 

Results and problems 

1 

Sorensen 

2012[14
4] 

Lindstrom 
2008 

Herniotomy, cholec

ystectomy, hip, or 

knee arthroplasty 

4 weeks pre-op

 through 4 we

eks after 

combined wound c

omplication (6) 
wound infection 

(2) 

48 

combined wound co

mplication (14) 
wound complication 

(4) 

54 

Results: The meta-analysis disclosed that perioperative

 smoking cessation did not significantly reduce healin
g complications combined (OR 0·48, 95%CI [0·19–

1·25], P=0·14, I2=61·1%).  
In contrast, surgical site infections were significantly 

reduced by perioperative smoking cessation as shown 

by a sensitivity analysis (OR 0·40, 95%CI [0·20–0·8
3], P=0·01, I2=19·8%). 

Problem:  

Smoking cessation time was not classified. 

Moller 200

2 

Hip or knee arthro

plasty 

6–8 weeks pre-

op through 10 
days after 

combined wound c
omplication (3) 

wound infection 

(2) 

56 

combined wound co

mplication (16) 
wound infection (12) 

52 

Sorensen 2

003 
Colorectal resection 

2–3 weeks pre-

op through 10 
days after 

combined wound c
omplication (9) 

wound infection 

(3) 

27 

combined wound co

mplication (8) 
wound infection (4) 

30 

Sorensen 2
007 

Inguinal or incision
al herniotomy 

4 weeks pre-op

 through 10 da

ys after 

wound infection 
(6) 

101 wound infection (4) 48 

2 
Wong 20

12[145] 

Chan 2006 
Bilateral breast red

uction surgery 
≥1 month pre-

op 
wound healing pro

blem (5) 
15 

wound healing proble
m (10) 

19 Results: 
Ex-smokers who quit more than 3 to 4 weeks before 

surgery had lower relative risks of postoperative wou

nd healing complications than those who quit less tha
n 3 to 4 weeks before surgery (RR 0·74, 95%CI 

[0·56–0·98], P=0·04, I2=34%). 

Problems: 
1. In Chang 1999 and Goodwin 2005, patients were 

classified as former smokers if they had stopped smo

king at least 4 weeks before surgery. However, smoki
ng cessation may not be done during the study, that 

is, patients who had quit smoking for a long time m

ay also be included in the study.  
In order to study the effect of a clear time to quit s

moking before surgery, we did not include these studi

es. 
2. The data of Glassman 2000 was bone nonunion. 

However, the author of the meta-analysis misjudged it

Chang 199

9 

Free TRAM flap b

reast 
reconstruction 

≥4 weeks pre-

op 

wound healing com

plication (15) 
150 

wound healing compl

ication (23) 
90 

Glassman 

2000 
spinal fusion 

>1 month pre-

op 

wound healing com

plication (10) 
51 

wound healing compl

ication (15) 
74 

Goodwin 2
005 

tissue expander/imp

lant breast reconstr

uction 

4 weeks pre-op 
overall complicatio

n (31) 
78 

overall complication 
(20) 

54 

Kuri 2005 

removal of nasal, 
oral, pharyngeal, la

ryngeal, or cervical

 esophageal cancer 
and reconstruction 

8–21 days, 22–
42 days 

impaired wound he
aling (11) 

20 
impaired wound heali

ng (23) 
34 

Lindstrom 

2008 

Herniotomy, cholec

ystectomy, hip, or 
knee arthroplasty 

4 weeks pre-op

 through 4 we
eks after 

combined wound c

omplication (2) 
20 

combined wound co

mplication (0) 
9 
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Padubidri 

2001 

Breast reconstructio

n 

≥3 weeks pre-

op 

combined wound h

ealing complication
 (19) 

76 

combined wound hea

ling complication (6
1) 

155 

 as wound healing complication. 
3. The overall complication or wound complication th

at was combined outcomes was analysed instead of e

ach outcome in detail. 

Note: OR: odds ratio; RR: risk ratio
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