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Abstract: Post-operative infection is still one of the most common nosocomial diseases that can cause 

great losses because it will increase the length of stay, use of drugs, and reduce the quality of life of the 

patients. The risk will increase if the number of colonies is> 105 bacteria per gram of tissue. Various 

ways have been done to reduce the number of bacteria in the operation area, including the use of surgical 

gloves. This study analyzed the comparison of the level of bacterial colonies that grew on the surface of 

single, double, and orthopedic surgical gloves in closed fracture management for more than 2 hours at 

Hasan Sadikin Hospital. The statistical analysis was done with p-value = 0.011 (<0.05), which means a 

significant difference in the number of germ colonies that grow between single, double, and orthopedic 

gloves. Double gloves and orthopedic gloves have a better ability to reduce bacterial colony growth. 

Meanwhile, there was no significant difference in the number of bacterial colonies formed between 

double gloves and orthopedics. Perforation is a factor affecting the number of germ colonies that formed. 

The use of double gloves and orthopedic gloves in closed fracture surgery for more than 2 hours shows 

the number of bacterial colonies formed is less than single gloves. There was a significant difference in 

the rate of perforation between standard surgical gloves and orthopedic gloves. 
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INTRODUCTION 

Surgical wound infection is an infection 

in the surgical area that occurs within 30 

days or 1 year after surgery, an implant-

placing surgery. This condition causes harm 

because it increases morbidity and mortality 

directly. This is related to the number of 

repeated operations, increased length of 

hospital stay, prolonged use of antibiotics 

and rehabilitation, and the loss or decline in 

a person's ability to return to work which 

further worsens patients' productivity and 

quality of life.1,2 

In the U.S., surgical wound infections 

can reach 5% or 300,000 cases per year, 

with a longer hospital stay period of 9.7 

days on average. It costs up to 3.5 to 10 

billion dollars per year and becomes the 

greatest amount of expenditure among other 

nosocomial diseases.3 According to reports 

of infection cases at Hasan Sadikin Hospital 

between January to December 2019, 20 

cases of surgical wound infection (1.3%) out 

of 1533 surgical operations.4 

The development of surgical wound 

infection depends on bacterial contamination 

that cannot be resisted by the patient's 

immune response. Microorganisms can enter 

through 2 ways, endogenously 

(microorganisms originating from within the 

patient's own body, for example, in hollow 

organs that are exposed or via hematogenous 

spread) and exogenously (infection occurs 

when microorganisms from instruments or 

the surgery area contaminate the surgical 

wound before or after surgery).5 

The risk factor for surgical wound 

infection depends on two things: the patient 

and perioperative factors. The patient factors 

are related to age, smoking habits, alcohol 

consumption, and comorbidities such as 

diabetes; while perioperative factors were 

divided into preoperative, intraoperative, 

and postoperative. Preoperative factors are 

related to the optimization of the patient's 

condition. Intraoperative factors are related 

to the characteristics of the surgical 

procedure itself, such as duration of 

operation, type of surgery, instruments, 

consumables, operator, and blood loss. It 

often causes variations between health 

institutions. And finally, postoperative 

factors related to wound care and bacterial 

growth are often caused by antibiotic-

resistant bacteria.6 

In orthopedic surgery, the risk of 

perforation becomes greater. Dar, et al. in 

their study reported the incidence of 

perforation reached 65.3% in fracture 

treatment operations caused by needle sticks 

or tearing due to manipulation of bone 

fragments, instruments, and implants, which 

frequently occur in the non-dominant hand 

and are located around the thumb, 

forefinger, and palm. It indicates that 

currently available standard surgical gloves 

do not provide sufficient protection against 

perforation. Makama, et al. reported a 

significant difference in the use of single 

and multiple surgical gloves in reducing the 

incidence of perforation. And currently, 

there is one type of orthopedic surgical 

glove that has a greater thickness than 

standard surgical gloves, although there 

have not been many studies that have 

described its advantages over standard 

surgical gloves (table 1, table 2).11-13      
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Table 1. Characteristics of Surgical Gloves 

Design 
Size 

5.5 6 6.5 7 7.5 8 8.5 9 

Length (mm) 245 265 265 265 265 265 265 265 

Width (mm) 70 76 83 89 95 102 108 114 

Thickness (mm)         

Fingers    0.10     

Palm    0.10     

Wrist    0.10     

 

Table 2. Characteristics of Surgical Gloves 

Design 
Size 

5.5 6 6.5 7 7.5 8 8.5 9 

Length (mm) 245 291 291 305 305 305 305 305 
Width (mm) 70 76 83 89 95 102 108 114 

Thickness (mm)         

Fingers    0.34     

Palm    0.26     

Wrist    0.21     

Various attempts have been made to reduce 

the number of bacterial colonies. This effort 

is divided into 3 perioperative factors that 

cause surgical wound infection, namely: pre-

operative, intra-operative, and post-

operative factors. Pre-operative factors 

include eliminating common bacterial 

colonies on the skin by cleaning the 

operating area and preventing the 

multiplication of microorganisms by using 

prophylactic antimicrobial therapy. Intra-

operative factors include: maintaining the 

patient's body defenses against infection by 

preventing wider soft tissue damage, 

maintaining normothermia, and using 

consumables such as gowns, masks, 

headgear, and gloves. Finally, post-operative 

factors include preventing the access of 

microorganisms to the incision wound by 

changing the appropriate dressing and 

giving post-operative antibiotics. 6 

 

RESEARCH METHOD 

In this study, the researcher(s) wanted 

to assess the growth rate of bacterial 

colonies on the surface of single, double, 

and orthopedic gloves in closed fracture 

surgery for more than 2 hours (Figure 1). 

The researchers assessed the 

significance between intact gloves and 

perforations by the number of bacterial 

colonies formed. Smearing was carried out 

after the subject had performed surgical 

handwashing, and after hands were dried. 

Samples were taken on the hand surface of 

the index finger of the dominant hand and 

the palm for 5 seconds. The second 

sampling was carried out when the operation 

entered the 120th minute in the same way. 

The gloves were then tested for perforation 

by filling them with 1 liter of water to see 

the water flow or droplets. (Figure 2)  
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Figure 1. Standard surgical gloves are white 

and orthopedic gloves are brown 

 

 
Figure 2. Implanting smears onto agar, leak 

testing 

RESULTS AND DISCUSSION 

A total of 36 closed fracture surgeries 

performed at Hasan Sadikin Hospital were 

used in this study. It then grouped into 3, 

consisting of 12 single glove samples in 

group A, 12 double-glove samples in group 

B, and 12 orthopedic glove samples in group 

C. (Table 3). 

 

 

 

Table 3. Description of Research Data 
Group                               

Statistic 

Colonies forming unit 

After Hand Washing 

(CFU) 

Colonies forming unit in the 

120th minutes on hands surface 

(CFU) 

Colonies forming unit in the 

120th minutes on gloves surface 

(CFU) 

Single Gloves Minimum 0 1 0 

Maximum 17 167 84 

Average 4.92 40.25 14.67 

Std. 

Deviation 

6.947 47,136 6.123 

     

Double-Glove Minimum 0 0 0 

Maximum 19 126 9 

Average 3.83 25.67 2.08 

Std. 

Deviation 

6.548 36.217 3.118 

 

Orthopedic 

Gloves 

Minimum 0 1 0 

Maximum 22 95 1 

Average 7.33 26.17 0.08 

Std. 

Deviation 

8.348 29.972 0.289 

 

The data in table 3 shows that the 

single-gloves-after-washing-hands group 

obtained a maximum number of bacterial 

colonies of 17 CFU, with an average of 

4.92±6.947. Then the number of bacterial 

colonies in the 120th minute on the hand 

surface was at least 1 CFU and a maximum 

of 167 CFU with an average of 40.25±47.14. 

The number of bacterial colonies in the 

120th minute on the glove surface was a  

 

 

maximum of 84 CFU with an average of 

14.67±6.123. In the double-glove group, the 

maximum number of bacterial colonies after 

hand washing was 19 CFU with an average 

of 3.83±6.55. At 120 minutes on the surface 

of the hand, the maximum number of 

bacteria was 126 CFU with an average of 

25.67 ± 36.217. At the 120th minute of the 

glove surface, the maximum number of 

bacterial colonies was 9 CFU with an 

average of 2.08±3.118. Meanwhile, in the 
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orthopedic glove group, after washing 

hands, the maximum bacteria was 22 CFU 

with an average of 7.33±8.35. The number 

of bacteria in the 120th minute on the 

surface of the hand was obtained at least 1 

CFU and a maximum of 95 CFU, with an 

average of 29.17±29.97. At the 120th 

minute of the glove surface, the maximum 

number of bacterial colonies was 1 with an 

average of 0.8±0.29. 

Comparative analysis of bacterial 

growth rates on the three glove surfaces was 

carried out using the Kruskall Wallis test, 

shown in table 4. 

 

Table 4. Comparison of the number of bacterial colonies in the three treatments on the glove 

surface. 
Variable Treatment N Average P Value 

Colonies forming unit 

in 120th minutes on 

gloves surface 

Single Gloves 12 14.67±6.12 

0,011 Double-Glove 12 2.08±3.12 

Orthopedic Gloves 12 0.08±0.29 

 
Table 5. Comparison of the number of bacterial colonies on the surface of the gloves between treatment 

groups. 

Variable Group N Average P Value 

Colonies forming unit in 120th 

minutes on gloves surface 

 

 

 

Single Gloves 

Double-Glove 

12 

12 

14.67±6.12 

2.08±3.12 

 

0,016 

Single Gloves 

Orthopedic Gloves 

 

Double-Glove 

Orthopedic Gloves 

12 

12 

 

12 

12 

14.67±26.12 

0.08±0.29 

 

2.08±3.12 

0.08±0.29 

0,008 

 

 

0,128 

 

Discrimination test using Kruskall Wallis 

was to determine the average number of 

bacteria on the surface of the glove. The 

mean on single gloves was 14.67±6.12, 

double-glove was 2.08±3.12, and orthopedic 

gloves was 0.08±0.29, with p=0.011<0.05. It 

means that there was a significant difference 

between using single, double, and 

orthopedic gloves at 120th minutes of glove 

surface. Because the results of the Kruskall 

Wallis test showed significant results, the 

Mann Whitney test was to further determine 

the bivariate between treatment groups. 

From the Mann Whitney test, the 

average value in the single glove group was 

14.67 ± 6.12 and the double-glove group 

was 2.08 ± 3.12 with a p-value = 0.016 < 

0.05. It means that there was a significant 

difference in the number of bacterial  

 

 

colonies between the surface of the single 

glove and double-glove in the 120th minute. 

The mean value of the single glove 

group was 14.67 ± 6.12, and the orthopedic 

glove group was 0.08 ± 0.29 with p-value = 

0.008 < 0.05 meaning that there was a 

significant difference in the number of 

bacterial colonies between the surface of the 

single glove and orthopedic glove at 120th 

minutes. 

The mean value of the double-glove 

group was 2.08±3.12, and the orthopedic 

glove group was 0.08±0.29 with 

p=0.128>0.05, meaning that there was no 

significant difference in the number of 

bacterial colonies between the surface of the 

double-glove and orthopedic glove at 120th 

minutes. 
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Comparative analysis of the number of 

perforations in single, double, and 

orthopedic gloves using the Chi-square test 

method is presented in table 6. 

 

Table 6. Comparison of perforated gloves 

Variable Perforation Intact Total P Value 

Single Gloves 6 (50%) 6 (50%) 12 

0,012 
Outer Layer of Double-Glove 3 (25%) 9 (75%) 12 

Inner Layer of Double-Glove 0 12 (100%) 12 

Orthopedic Gloves 0 12 (100%) 12 

 

Based on the estimation results 

presented in the table above, it is known that 

the single glove sample has several 

perforations as much as 50%, the outer layer 

of the double-glove sample is perforated by 

25%, there are no perforations in the inner 

layer of double-glove and orthopedic gloves. 

In the Chi-square test, the p-value 

obtained was 0.012 or smaller than the 

specified significance level (<0.05). It 

means that there is a significant difference 

between the three treatment groups in the 

number of perforated gloves.  

 

CONCLUSION 

From the results of this study, it can be 

concluded that the use of double and 

orthopedic gloves in closed fracture surgery 

for more than 2 hours shows that the number 

of bacterial colonies formed is fewer than 

single gloves. There was a significant 

difference in the rate of perforation between 

standard surgical gloves and orthopedic 

gloves. 

 

REFERENCES 

1. Al-Mulhim FA, Baragbah MA, Sadat-

Ali M, Alomran AS, Azam MQ. 

Prevalence of surgical site infection in 

orthopedic surgery: a 5-year analysis. 

Int Surg. 2014;99(3):264-8. 

2. Curcio D, Cane A, Fernandez F, Correa 

J. Surgical site infection in elective 

clean and clean-contaminated surgeries 

in developing countries. Int J Infect Dis. 

2019;80:34-45. 

 

3. Ban KA, Minei JP, Laronga C, 

Harbrecht BG, Jensen EH, et al. 

American College of Surgeons and 

Surgical Infection Society: Surgical Site 

Infection Guidelines, 2016 Update. J 

Am Coll Surg. 2017;224(1):59-74. 

4. RSHS. Laporan Kasus Infeksi Luka 

Operasi Di Rumah Sakit Hasan Sadikin 

Januari 2019 – Desember 2019. Komite 

Mutu Rumah Sakit Hasan Sadikin, 

RSHS pdpi; 2019. 

5. Rubin RH. Surgical wound infection: 

epidemiology, pathogenesis, diagnosis 

and management. BMC infectious 

diseases. 2006;6(1):171. 

6. Florschutz AV, Fagan RP, Matar WY, 

Sawyer RG, Berrios-Torres SI. Surgical 

site infection risk factors and risk 

stratification. The Journal of the 

American Academy of Orthopaedic 

Surgeons. 2015;23(Suppl):S8. 

7. Grassos N, Petraki M, Petineli I, 

Daoussi M, Sagana E. Bacterial growth 

under surgical gloves and its relation to 

time. Acta Microbiologica Hellenica. 

2005;50(2):107. 

8. Warhekar SA, Nagarajappa S, Dasar 

PL, Mishra P, Kumar S, et al. 

Thickness, permeability and tactile 

perception of commercial latex 

examination gloves used in dental 

practice. Journal of Indian Association 

of Public Health Dentistry. 

2015;13(3):342. 



Maulana, D. et al. Comparison of the Number… 

157 

9. Laine T, Aarnio P. Glove perforation in 

orthopaedic and trauma surgery: a 

comparison between single, double 

indicator gloving and double gloving 

with two regular gloves. The Journal of 

Bone and Joint Surgery British volume. 

2004;86(6):898-900. 

10. Goyal S, Singh M. Incidence of 

perforation of single and double gloves 

during surgery. CIBTech J Surg. 

2014;3(3):21-4. 

11. Dhar D. Occult glove perforation during 

adult elective orthopaedic surgery. 

Macedonian Journal of Medical 

Sciences. 2011;4(4):399-402. 

12. Makama JG, Okeme IM, Makama EJ, 

Ameh EA. Glove perforation rate in 

surgery: a randomized, controlled study 

to evaluate the efficacy of double 

gloving. Surgical infections. 

2016;17(4):436-42. 

13. Jackson EM, Neal JG, Williams FM, 

Stern CA, Suber F, et al. Biomechanical 

performance of orthopedic gloves. 

Journal of Biomedical Materials 

Research: An Official Journal of The 

Society for Biomaterials, The Japanese 

Society for Biomaterials, and The 

Australian Society for Biomaterials. 

1999;48(2):193-8. 

14. Procter LD, Davenport DL, Bernard 

AC, Zwischenberger JB. General 

surgical operative duration is associated 

with increased risk-adjusted infectious 

complication rates and length of 

hospital stay. Journal of the American 

College of Surgeons. 2010;210(1):60-5. 

e2. 

15. Leong G, Wilson J, Charlett A. 

Duration of operation as a risk factor for 

surgical site infection: comparison of 

English and US data. Journal of 

Hospital Infection. 2006;63(3):255-62. 

16. Harrop JS, Styliaras JC, Ooi YC, 

Radcliff KE, Vaccaro AR, et al. 

Contributing factors to surgical site 

infections. JAAOS-Journal of the 

American Academy of Orthopaedic 

Surgeons. 2012;20(2):94-101. 

17. Wheelock SM, Lookinland S. Effect of 

surgical hand scrub time on subsequent 

bacterial growth. Aorn Journal. 

1997;65(6):1087-98. 

18. Bhasme AS, Menezes RJ, D’souza T, 

Ipe J. Duration of surgical hand scrub in 

orthopaedic surgeries. International 

Journal of Orthopaedics Sciences. 

2017;3(3):34-6. 

19. Krizek TJ, Robson MC. Evolution of 

quantitative bacteriology in wound 

management. The American Journal of 

Surgery. 1975;130(5):579-84. 

20. Green S, Gompertz R. Glove 

perforation during surgery: what are the 

risks? Annals of the Royal College of 

Surgeons of England. 1992;74(5):306. 

21. International ASTAMA. Standar 

Specification For Rubber Surgical 

Gloves. 

22. Egeler K, Stephenson N, Stanke N. 

Glove perforation rate with orthopedic 

gloving versus double gloving 

technique in tibial plateau leveling 

osteotomy: a randomized trial. The 

Canadian Veterinary Journal. 

2016;57(11):1156. 

 

 


