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Abstract: Traditionally, skin disinfection is performed in concentric 

circles. In recent years, there are studies which suggest that back-and-forth 

scrubbing could be a better technique. However, there is insufficient 

evidence to demonstrate which disinfection technique is better in 

reducing microbial load prior to invasive procedures. This study aims to 

compare the effectiveness of concentric circles painting and back-and-forth 

scrubbing skin disinfection techniques in reducing microorganisms’ 

Adenosine Triphosphate (ATP) measured in Reactive Light Units (RLU). 

293 participants were recruited in the quasi-experimental study. Before 

disinfection, the participants’ bilateral antecubital fossa was swabbed 

using the 3M clean-trace surface ATP test swab (3M Clean-Trace) to 

detect microorganisms’ ATP measured in RLU. Subsequently, on one 

antecubital fossa, using an assigned cleansing agent (0.9% normal saline 

or 70% isopropyl alcohol), it was disinfected by concentric circles 

painting. On the opposing antecubital fossa, using the same cleansing 

agent, it was disinfected by back-and-forth scrubbing. Thereafter, the 

participants’ bilateral antecubital fossa was swabbed using the 3M Clean-Trace 

to determine the amount of ATP present post-disinfection. The pre and 

post disinfection median RLU and median difference in RLU between the 

disinfection techniques were compared. Based on 146 participants after 

removal of outlying data, both concentric circles painting and back-and-

forth scrubbing disinfection techniques significantly reduced 

microorganisms’ ATP measured in RLU (p<0.05). However, between the 

two disinfection techniques, no significant median difference in RLU was 

observed (p>0.05). Both concentric circles painting and back-and-forth 

scrubbing disinfection techniques reduced microorganisms’ ATP on skin 

surfaces. However, no significant difference was observed between the 

two disinfection techniques, which could suggest that both are equally 

effective for skin disinfection. 
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Introduction  

Skin disinfection is one of the integral factors to 

prevent Hospital Acquired Infections (HAI) often 

caused by Catheter-Related Bloodstream Infection 

(CRBSI) or Surgical Site Infection (SSI) (Tsai and 

Caterson, 2014; Mimoz et al., 2015). During 

procedures that involve the breach of skin (e.g., 

catheter insertion, surgical incision), microorganisms 

from the patient's own skin flora could potentially migrate 

into bloodstreams or reside in surrounding tissues, 

resulting in undesirable CRBSI or SSI (Reichman and 

Greenberg, 2009; Gahloh et al., 2014). Likewise, the 

migration of microorganisms into bloodstreams could 

contaminate blood sampling, thereby affecting 

treatment modalities and medication choices (Hall and 

Lyman, 2006). Therefore, it is paramount to ensure that 

skin surfaces are disinfected thoroughly prior to 
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invasive procedures, to prevent the detrimental effects 

of HAI such as poor wound healing, prolonged use of 

antibiotics and increased morbidity, hospitalization 

stay and medical cost (Hensley and Monson, 2015).  

Traditionally, skin disinfection is performed by 

applying the cleansing agent in circular motion away from 

where the breach of skin occurs. This technique works 

well with aqueous-based cleansing agents that require a 

longer drying duration and it prevents contaminants from 

being reintroduced into the disinfected site (Baron et al., 

2005). However, in recent years, the back-and-forth 

scrubbing technique has been suggested to be more 

effective in reducing microorganisms on skin surfaces. 

By creating friction, it facilitates the cleansing agent to 

penetrate deeply into multiple layers of the skin where 

the breach of skin occurs, thereby removing a greater 

amount of microorganisms in the top dermal layers of 

the skin (Stonecypher, 2009; Silva, 2014). Therefore, 

as concentric circles painting and back-and-forth 

scrubbing disinfection techniques are fairly divergent, 

this study aims to compare the effectiveness between 

the two techniques in reducing the amount of 

microorganisms’ Adenosine Triphosphate (ATP) 

present on skin surfaces.  

Methods  

Research Design  

The quasi-experimental study was conducted in 

Sengkang General Hospital (SKH), a regional hospital in 

Singapore from 1 September 2020 to 25 September 

2020 with approval by the SingHealth Centralised 

Institutional Review Board, Ref: 2020/2734. The study 

had eight data collectors and the participants were 

recruited through email invitation and walk-in 

attendance. To be recruited into the study, the 

participants had to be a staff of SKH, at least 21 years 

old and have no allergy to 0.9% normal saline or 70% 

isopropyl alcohol. A total of 293 participants were 

recruited and written informed consents were sought. 

The participants were then assigned by the data 

collectors into two groups (0.9% normal saline or 70% 

isopropyl alcohol) in an alternating manner before 

commencing the skin disinfection. 

Data Collection  

Prior to skin disinfection, the participants’ bilateral 

antecubital fossa was swabbed using the 3M clean-trace 

surface ATP test swab (3M Clean-Trace) to detect the 

presence of microorganisms’ ATP measured in 

Reactive Light Units (RLU). The swabbing was 

performed by the data collector in a vertical followed 

by horizontal plane covering an area of 5×5 cm and it 

was repeated twice. The 3M Clean-Trace was utilised in 

the study as it has the capability of detecting ATP, which 

is an indicator of organic residues present in 

microorganisms and it rapidly assesses cleaning 

effectiveness (3M, 2020).  

For participants assigned to the 0.9% normal saline 

group, a sterile disposable dressing set was prepared for 

each participant and 20 mL of 0.9% normal saline was 

poured into the dressing set. The cotton balls inside the 

dressing sets were soaked in 0.9% normal saline and dried 

briefly using the tweezers within the dressing set. For 

participants assigned to the 70% isopropyl alcohol group, 

three pieces of individually foil wrapped 70% isopropyl 

alcohol swabs were prepared for each participant.  

Irrespective of the participants’ assigned group, all 

of them received both skin disinfection techniques. On 

one antecubital fossa, a clockwise outward concentric 

circles painting was performed covering an area of 5×5 

cm. The process was repeated twice and a new cotton 

ball was used each time. The opposing antecubital 

fossa was disinfected by back-and-forth scrubbing in a 

vertical plane moving from left to right covering an 

area of 5×5 cm. The process was also repeated twice.  

After skin disinfection, the participants’ bilateral 

antecubital fossa was swabbed using the 3M Clean-Trace 

to determine the amount of microorganisms’ ATP present 

after disinfection. The swabbing was performed in a 

vertical followed by horizontal plane covering an area of 

5×5 cm and it was repeated twice. 

Data Analysis  

To determine the reduction of microorganisms’ 

ATP before and after skin disinfection, the pre and post 

disinfection median RLU for both concentric circles 

painting and back-and-forth scrubbing was compared. 

Correspondingly, to determine the effectiveness 

between the disinfection techniques, the median 

difference in RLU of concentric circles painting and 

back-and-forth scrubbing was compared. Normality 

tests revealed that the data obtained were highly 

skewed and Wilcoxon Signed Rank and Mann Whitney 

U tests were performed to analyse the data. The level 

of significance was set at α = 0.05. All analyses were 

performed using the SPSS statistical software (version 

14.0, SPSS, Chicago, Illinois).  

Results 

A total of 293 participants were recruited but only 146 

were included in the analysis as uncontrollable 

environmental conditions (e.g., temperature, humidity) 

affected the microorganisms’ ATP levels. Demographic 

profile of the participants is reflected in Table 1.  

Wilcoxon Signed Rank test was performed to 

compare the median reduction in RLU for concentric 

circles painting and back-and-forth scrubbing, pre and 
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post-disinfection (Table 2). As both concentric circles 

painting and back-and-forth scrubbing had a p value of 

<0.001, there is a significant median reduction in RLU 

for both techniques. 

To compare the efficacy of concentric circles 

painting and back-and-forth scrubbing technique, 

Mann-Whitney U test was performed. Regardless of 

cleansing solutions used, the median reduction between 

back-and-forth scrubbing and concentric circles painting 

technique was found to be insignificant (Table 3). 

The median difference in RLU was -2956 (-6256, 1151) 

for concentric circles painting and -2567 (-8049, -545) for 

back-and-forth scrubbing. Since p value was 0.761, there is 

no significant median reduction in RLU when comparing 

both techniques using 0.9% normal saline. Similarly, the 

median difference in RLU was -1277 (-3921, -359) for 

concentric circles painting and -1826 (-7892, -380) for 70% 

isopropyl alcohol, with p value of 0.086, showing no 

significant median reduction in RLU between both 

techniques when using 70% isopropyl alcohol. 
 

Table 1: Demographic profile of participants  

  Nursing n (%)  Medical n (%)  Allied health n (%)  Ancillary support n (%)  Total n (%)  

Gender 

  Male 13 (16.9) 2 (66.7) 1 (20.0) 14 (23.0) 30 (20.5) 

  Female  64 (83.1) 1 (33.3) 4 (80.0)  47 (77.0) 116 (79.5) 

Age 

  <30 years old   47 (61.0) 1 (33.3) 4 (80.0) 10 (16.4) 62 (42.5) 

   ≥30 years old  30 (39.0) 2 (66.7) 1 (20.0)  51 (83.6) 84 (57.5) 

Race 

  Chinese 31 (40.3) 2 (66.7) 4 (80.0) 27 (44.3) 64 (43.8) 

  Malay  19 (24.7) -  -  15 (24.6) 34 (23.3) 

  Indian  8 (10.3) -  -  12 (19.7) 20 (13.7) 

  Others  19 (24.7) 1 (33.3) 1 (20.0)  7 (11.4) 28 (19.2) 

Nationality 

  Singaporean 44 (57.1) 2 (66.7) 3 (60.0) 36 (59.0) 85 (58.2) 

  Others  33 (42.9) 1 (33.3) 2 (40.0) 25 (41.0) 61 (41.8) 

 

Table 2: Median Relative Light Units (RLU) based on skin disinfection technique  

0.9% normal saline (n = 83) 

 Concentric circles painting RLU  Back-and-forth scrubbing RLU  

 Median (IQR) Median (IQR) 

Pre-disinfection  4572 (2100, 10959) 4428 (1508, 14383) 

Post-disinfection 1504 (387, 4442)  1300 (336, 4243)  

p value  <0.001  <0.001  

70% isopropyl alcohol (n = 63) 

 Concentric circles RLU Back-and-forth scrubbing RLU  

 Median (IQR)  Median (IQR)  

Pre-disinfection  3521 (1084, 8157)  3115 (819, 14299)  

Post-disinfection 1630 (475, 3181)  1328 (259, 4047)  

p value  <0.001  <0.001 

 

Table 3: Median difference Relative Light Units (RLU) based on skin disinfection technique  

  0.9% normal saline (n = 83) 70% isopropyl alcohol (n = 63) 

Concentric circles RLU  

Median (IQR) -2956 (-6256, - 1151) -1277 (-3921, - 359) 

Back-and-forth scrubbing RLU  

Median (IQR)  -2567 (-8049, - 545) -1826 (-7892, - 380)  

p value  0.761 0.086  

 

Discussion 

Based on this study, the authors found that both 

disinfection techniques showed a significant reduction in 

microorganisms’ ATP regardless of the cleansing solution 

used. Furthermore, as the comparison of median 

difference in RLU between concentric circles painting 

and back-and-forth scrubbing was not significant, this 

could suggest that both disinfection techniques are 

equally effective for skin disinfection.  
The findings from this study were similar to 

Lundberg et al. (2016) which compared two disinfection 
techniques. On one ankle, the surgical site was initially 
disinfected using 2% chlorhexidine gluconate with 70% 
isopropyl by repeated back-and-forth stroke. On the 
opposite ankle, using povidone iodine, the site was 
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initially scrubbed followed by centric circles application. 
Both disinfection techniques showed a reduction in 
Colony Forming Units (CFU) after the skin disinfection, 
but no significant difference was observed between the 
two disinfection techniques.  

Likewise, Vagholkar and Julka (2012) studied surgical 
skin preparation involving iodophore painting in 
comparison to iodophore scrubbing followed by painting. 
While the study did not measure the reduction of 
microorganisms after skin disinfection, it was found that 
four patients developed SSI. However, no significant 
association between the disinfection techniques and 
development of SSI could be ascertained.  

Thus, based on the studies performed by Lundberg et al. 

(2016) and Vagholkar and Julka (2012), it could imply 

that an additional attempt to scrub or paint the intended 

site before or after disinfection may not be beneficial 

in reducing the amount microorganisms or preventing 

SSI. Correspondingly, as demonstrated in this study, 

performing either concentric circles painting or back-

and-forth scrubbing is equally effective in reducing 

microorganisms’ ATP on skin surfaces. 

Nonetheless, it was observed that these previous 

studies differ in disinfection techniques, cleansing agents 

and outcome measurements. Whereas, in this study, to 

identify the most effective disinfection technique, each 

participants received only one cleansing solution (0.9% 

normal saline or 70% isopropyl alcohol) for both concentric 

circles painting and back-and-forth scrubbing techniques.  

The authors acknowledge that to determine the ideal 

disinfection technique, the use of agar plates to culture 

CFU, monitoring postoperative SSI, or observing blood 

culture contamination rates would be preferred. While the 

3M Clean-Trace is not a conventional tool to detect the 

presence of microorganisms on skin surfaces, it was 

selected based on its suitability as there was an ongoing 

pandemic during the time of study; Coronavirus Disease 

2019 (COVID-19). The pandemic caused all available 

laboratory resources to be prioritised for COVID-19 testing 

and using agar plates to culture CFU was not possible due to 

lean manpower and resources. Unfortunately, the novelty of 

using the 3M Clean-Trace resulted in substantial data being 

voided due to oversensitivity of the device towards 

environmental conditions. 

Conclusion 

Both concentric circles painting and back-and-forth 

scrubbing demonstrated a decrease in microorganisms’ 

ATP on skin surfaces after disinfection. Despite so, 

comparison between the two disinfection techniques showed 

no significant difference. Henceforth, both disinfection 

techniques are equally effective and it is ideal to consider the 

patient’s skin condition before selecting the appropriate skin 

disinfection technique. 
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