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Abstract
This paper discusses the cleaning effect of shampooing care by using Adenosine Triphosphate (ATP)
bioluminescence system. Shampooing care is an important nursing one for patients who are difficult to care oneself.
It is necessary to perform effective and comfortable care. So, we need to evaluate these effects quantitatively and
qualitatively. We measured ATP, blood pressure, heart rate, heart rate variability, peripheral skin temperature and
Visual Analog Scale (VAS) before and after shampooing. When we analyzed ATP adhering to head as “contamination”
to evaluate that effect quantitatively, it found that the contamination of the scalp after shampooing decreased by 31%,
and that of the hair decreased by 22%. The correlation between ATP and VAS showed that the more ATP decreased,
the more subjects felt refresh. The physiological index was stable, and it found that the shampoo method in this study
had little load on the body. We were able to clarify the cleaning effect of shampooing using rapid and simple method.
These results showed can be the basic data that evaluated the effect by shampooing comprehensively.

Keywords: Shampooing; Nursing care; Adenosine triphosphate
(ATP); Cleaning effect
Introduction
Shampooing care is an important nursing one for patients who
are difficult to care oneself. It shows various effects, such as keeping
one’s scalp and hair clean, facilitating the flow of blood, improving the
function of scalp and activating mental state. If patients cannot wash
their hair for a long time, they come to feel itchiness, clammy and
uncomfortable gradually. This care is essential to improve quality of
life. In fact, the frequency of shampoo is limited (once or twice a week
in Japan), because it has a heavy burden for patients and nurses [1].
In order to wash one’s hair more comfortable and effective on the few
occasions, many studies about shampooing method were performed.
Some studies examined physiological and psychological response in
a standardized procedure [2,3]. They suggested the effect of warming,
circulation-enhancing and relaxation. Other studies examined effective
way of rinsing [4,5], the amount of water and its temperature [6,7],
shampooing position [8-13], nursing skill [14,15] and supporting tool
[16-19]. They measured hemodynamics, metabolism, muscle load and
subjective assessment and recommended some methods which were
able to reduce burden on body. However, there are few studies about
cleaning effect which has great significance for shampooing care. It is
important that it can improve metabolism and keep scalp healthy by
removing dead skin cell, sebum and bacteria. In previous study, they
examined the amount of sebum, resident microbiota, and scaling of the
scalp [20-28]. They require special facilities, apparatus and a specialized
technique. Moreover, it will take two or three days pending the outcome
of the resident microbiota. Thus, the effective method for evaluating the
cleaning effect of shampooing is not clarified.
In recent years, the Adenosine Triphosphate (ATP) method is used
for examination of the cleaning effect in a nursing field. For example, it
is often used for management of contamination on medical equipment
[29-33], evaluation and education of hand-washing [34-40]. These
studies analyzed ATP adhering to each object as “contamination” and
suggested the utility of that method as a rapid and simple monitoring
system. ATP is a chemical substance that acts as an energy source
for all living organisms on the planet. The presence of ATP can be
considered proof of the presence of a living organism, or of a substance
produced by a living organism. This method measures the amount
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of luminescence which is produced by the enzyme reaction of ATP
and luciferase. The amount of luminescence is proportional to that of
ATP and it is calculated as Relative Light Units (RLU) [41]. Anyone
can measure ATP level simply for a short time by using a dedicated
kit. When a rapid and simple measuring method becomes clear, we can
propose new shampooing method whose cleanliness level is high.
In this study, we assumed ATP adhering to one’s head as
“contamination” and evaluated the cleaning effect of shampooing care
by using ATP bioluminescence system. In addition, it is necessary to
take into consideration not only the cleaning effect but other effects. So,
we examined the physiological and psychological responses to assess
the shampooing effect comprehensively.

Method
Experimental condition
Subjects: All subjects provided written informed consent, and
the protocol was approved by Ethics Committee at Osaka University
Division of Health Sciences (No. 215). Subjects were comprised of 9
healthy people, 6 men and 3 women, with a mean age of 25.0 ± 5.43
years. Hairstyle was targeted from short hair to medium length hair,
less than 400 mm. Their hair length was an average of 246 ± 108 mm.
They were instructed as follows: 1) to avoid shampooing the day before
experiment 2) to avoid excessive use of alcohol and caffeine, sleep
deprivation and excessive exercise the day before experiment 3) no hair
dressing and nail polish 4) to forbid having meal from 3 hours before
the experiment. Since it has been pointed out an estradiol cycle affects
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the autonomic nervous system, we checked that female subjects were a
cryogenic period on the experiment day.
Environment: It experimented in the stable environment of 24 ± 2
degrees C and 50 ± 10% humidity.
Procedure of shampooing: Nurses with a clinical experience
performed shampooing at the sink. They were provided the same
amount of shampoo formulation (10 ml per one person) and shampoo
time (1 minutes rinse, 2 minutes wash and 1.5 minutes rinse). Subjects
were in the Fowler position during shampooing.

Method of measurement
Index of cleanliness level: The cleanliness level was measured
using the ATP + AMP swab test kit (Kikkoman Co., Japan). Adenosine
Monophosphate (AMP) is derived from ATP during the processing,
such as heat treatment and fermentation [41]. This kit can have a
high sensitivity for detecting ATP + AMP compared with other kits
which detect only ATP. It consists of LuciPac Pen as a reagent and
Lumitester PD-20 as an instrument. Subjects were measured the level
of ATP + AMP of head by wiping measurement areas before and after
shampooing using LuciPac Pen. Measurement areas were top side, left
side, right side and back side of their scalp and hair. The level of ATP +
AMP was measured as RLU. Each value before and after shampooing
was called “ATP-BS” and “ATP-AS” (Figure 1). ATP + AMP were
abbreviated to ATP. Measurement was performed by the same person
to minimize the effects of its procedure.

Figure 2: Result of cleanliness level.

Index of physiological response: Blood Pressure (BP), Heart Rate
(HR), Heart Rate Variability (HRV) and peripheral skin temperature
(PST) were measured as physiological response. Subjects wore the
wrist digital manometer (EW-BW30, Panasonic Co., Japan) on their
right wrist, wore the sphygmograph (SA-3000P, Tokyo Iken Co., Japan)
on one’s left index finger and took the dermatherm sensor (DS101,
Tateyama Kagaku Industry Co., Japan) between one’s left middle finger
and left thumb. A measurement procedure is shown in figure 1. They
were measured 4 times with their eyes closed as follow: resting supine
position after resting on a bed for 10 min “Rest Before Shampooing
(RBS) ”, sitting position after moving from bed to chair and resting
on a chair for 5 min “Before Shampooing (BS) ”, sitting position after
shampooing in the Fowler position and drying their hair with a towel
“After Shampooing (AS) ”, resting supine position after drying their hair
with a dryer and resting on a bed for 10 min “Rest After Shampooing
(RAS) ”. HRV was measured for 3 min.
Index of psychological response: Subjective assessment was
assessed using VAS (Figure 1). It investigated four subjective scales of
“Comfort”, “Fatigue”, “Refreshing” and “Itching”. Subjects were asked
to each feeling before and after shampooing by placing a mark on a
VAS line. Each value before and after shampooing was called “VASBS” and “VAS-AS”. The VAS was horizontally positioned with the
extremes labeled “extremely discomfort, extremely fatigue, extremely
unrefreshing, no itching” and “extremely comfort, no fatigue, extremely
refreshing, extremely itching”.

Figure 1: Measurement procedure.
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a) Scalp

b) Hair

Figure 3: Results of log transformed Adenosine Triphosphate (ATP)
before and after shampooing. (*p<0.05, **p<0.01).

Method of analysis
Index of cleanliness level: The average of ATP of four areas
was used as each subject’s data. In order to clarify the rate of ATP
which decreased by shampooing, the observed value of ATP-AS was
normalized with that of ATP-BS, and it was defined as cleanliness level.
Secondly, to assess the significance of change before and after, logtransformed ATP-AS was compared with log-transformed ATP-BS for
every subject. All results are presented as means ± SD. For statistical
analysis, the paired t-test P values <0.05 were considered statistically
significant.
Index of physiological response: HRV analyzed Standard Deviation
of the RR Interval (SDNN) as the index of an autonomic nerve activity,
High Frequency (HF: 0.15-0.4Hz) as that of parasympathetic nerve
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activity, Low Frequency (LF: 0.04-0.15Hz) as that of sympathetic and
parasympathetic nerve activity and LF/HF as that of balance of autonomic
nerve. The difference between before and after shampooing was analyzed
by Wilcoxon matched-pairs signed-rank test, and P values <0.05 were
considered statistically significant.
Index of psychological response: VAS score put into numbers
(where 100 = “extremely comfort, no fatigue, extremely refreshing,
extremely itching” and 0 = “extremely discomfort, extremely fatigue,
extremely unrefreshing, no itching”) and was analyzed. The difference
between before and after shampooing was analyzed by Wilcoxon
matched-pairs signed-rank test. Secondly, VAS-AS score was
normalized with VAS-BS score. The correlation between VAS scales,
and the index of cleanliness and that of physiological response were
examined using Spearman’s rank correlation coefficient. P values <0.05
were considered statistically significant.

Figure 5: Results of heart rate variability (HRV) before and after shampooing.

Results
Index of cleanliness level
The cleanliness level is shown in figure 2. Subject 4 couldn’t
measure ATP on hair, because length of his hair was less than 10 mm.
The average of cleanliness of scalp was 31.0 ± 44.9%, and that of hair
was 21.9 ± 35.7%. The values of ATP before and after shampooing are
shown in figure 3. The average of log-transformed ATP-BS on scalp
was 9.36 ± 0.52, log-transformed ATP-AS on scalp was 8.76 ± 0.69 logtransformed ATP-BS of hair was 6.79 ± 0.53, and log-transformed ATPAS on hair was 6.43 ± 0.58. ATP-AS on both scalp and hair significantly
decreased compared with ATP-BS (p<0.05). In terms of each subject,
there were four subjects whose ATP-AS on scalp significantly decreased
(p<0.05) and other three subjects whose ATP-AS on scalp were tend
to decrease. And there were two subjects whose ATP-AS on hair
significantly decreased (p<0.05 ) and other four subjects whose ATPAS on hair were tend to decrease.

Figure 6: Results of peripheral skin temperature (PST) before and after
shampooing.

Index of physiological response
Blood pressure: Systolic Blood Pressure (SBP) and Diastolic Blood
Pressure (DBP) before and after shampooing are shown in figure 4.
The average of SBP was 108 ± 10.2 mmHg (RBS), 116 ± 11.5 mmHg
(BS), 116 ± 11.7 mmHg (AS), 106 ± 9.96 mmHg (RAS). The average
of DBP was 67.8 ± 8.57 mmHg (RBS), 74.2 ± 9.16 mmHg (BS), 76.3
± 11.5 mmHg (AS), 69.7 ± 11.4 mmHg (RAS). Both SBP and DBP
of BS significantly increased than that of RBS (p<0.05). There was no
difference between RBS and RAS, and BS and AS.
Heart rate: HR before and after shampooing is shown in figure 4.

Figure 7: Results of Visual Analog Scale (VAS) score before and after
shampooing. (*p<0.05, **p<0.01).

The average of HR was 52.3 ± 7.11 bpm (RBS), 60.8 ± 9.51 bpm (BS),
61.0 ± 8.66 bpm (AS), 51.8 ± 7.26 bpm (RAS). BS significantly increased
than that of RBS (p<0.01). There was no difference between RBS and
RAS, and BS and AS.

Figure 4: Results of blood pressure (BP) and heart rate (HR) before and after
shampooing. (*p<0.05, **p<0.01).
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Heart rate variability: HRV before and after shampooing is shown
in figure 5. The average of SDNN was 64.6 ± 17.2 ms (RBS), 59.0 ± 19.4
ms (BS), 55.3 ± 21.7 ms (AS), 80.6 ± 25.8 ms (RAS). The average of HF
was (9.55 ± 6.49) ×102 ms2 (RBS), (7.33 ± 4.21) ×102 ms2 (BS), (8.20 ±
7.32) ×102 ms2 (AS), (11.7 ± 4.12) ×102 ms2 (RAS), and that of LF was

Nursing Research and Clinical Practice

ISSN: 2167-1168 JNC, an open access journal

Citation: Takeda M, Ando T, Susuki Y, Shindo T, Yoshimoto K, et al. (2012) The Cleaning Effect of Shampooing Care by Adenosine Triphosphate
Bioluminescence System. J Nurs Care S2:001. doi:10.4172/2167-1168.S2-001
Page 4 of 5

(7.39 ± 5.42) ×102 ms2 (RBS), (13.1 ± 13.6) ×102 ms2 (BS), (10.4 ± 12.0)
×102 ms2 (AS), (15.7 ± 10.4) ×102 ms2 (RAS). The average of LF/HF was
1.07 ± 0.91 (RBS), 1.51 ± 0.85 (BS), 1.32 ± 1.04 (AS), 1.52 ± 0.96 (RAS).
There was no difference in all points.
Peripheral skin temperature: PST before and after shampooing is
shown in figure 6. The average of PST was 31.7 ± 4.64°C (RBS), 32.0
± 3.68°C (BS), 32.5 ± 2.73°C (AS), 32.4 ± 2.98°C (RAS). There was no
difference in all points.

Index of psychological response
VAS before and after shampooing is shown in figure 7. The average
of “Comfort” score was 52.1 ± 24.6 points (BS), 74.7 ± 21.2 points (AS),
“Fatigue” score was 74.0 ± 22.9 points (BS), 66.7 ± 29.7 points (AS),
“Refreshing” score was 41.3 ± 32.7 points (BS), 84.1 ± 23.6 points (AS),
and “Itching” score was 39.2 ± 27.5 points (BS), 11.0 ± 18.3 points (AS).
“Refreshing” significantly increased (p<0.05), and “Itching” significantly
decreased (p<0.05). There was a strong correlation between “Comfort
(BS) ” and “Refreshing (BS) ” (r=0.83), “Refreshing (BS) ” and “Itching
(BS) ” (r=-0.72), “Fatigue (AS) ” and “Refreshing (AS) ” (r=0.74),
“Fatigue (AS) ” and “Itching (AS) ” (r=-0.73), “Refreshing (AS) ” and
“Itching (AS) ” (r=-0.91) (p<0.05). The normalized VAS score was 2.08
(Comfort), 1.05 (Fatigue), 5.85 (Refreshing), 0.50 (Itching). There was
no correlation between the obtained ATP-BS and VAS-BS, ATP-AS and
VAS-AS. There was strong correlation between the cleanliness level and
normalized VAS “Refreshing” (r=-0.76) (p<0.05).

Discussion
This study aimed to evaluate the cleaning effect of shampooing care
by using ATP bioluminescence system and to assess the physiological
and psychological responses comprehensively.
When we analyzed ATP adhering to head as “contamination”
to evaluate that effect quantitatively, it found that the contamination
of the scalp after shampooing decreased by 31%, and that of the hair
decreased by 22%. In order to compare the result to previous works,
the cleanliness level was calculated from papers. Triglyceride on the
scalp decreased by about 45%, free fatty acid on the scalp decreased
by about 85% [20,21,23] and bacteria on hair decreased by about 45%
[26]. Although our cleanliness level of the hair was lower than that, it
was considered to be the cause that there were many opportunities for
ATP to shift from other things to the hair, such as a towel and hand at
the time of hairdressing and a sheet at the time of supine position after
shampooing. In addition, since the ATP system measures the all things
together adhering to head, such as sebum, bacteria, scaling of the scalp
and dust, the cleanliness level together may be lower than the result
examined alone. It is said that it is appropriate to evaluate the cleaning
effect using the ATP system because shampooing care aims at removing
contamination of head comprehensively. We were able to clarify the
cleanliness level using rapid, simple and invasive method.
The results by subjects showed that there were no statistically
significant differences between ATP-BS and ATP-AS for more than
half of subject, however their ATP-AS numerical decreased compared
to their ATP-BS. One of the major causes is that the variation in four
areas was large to use the average of ATP of four areas as each subject’s
data. We need to compare ATP between areas, and normalize it with
a specific area, as required. 23.5% of all ATP-AS increased in this
study and previous studies showed similar results. Nakano et al. [42]
showed ATP level of three of nine subjects increased after shampooing
and suggested that the contamination which had gotten into pore or
J Nurs Care

wrinkles came from within to surface of skin. Kudo et al. [26] showed
bacteria on hair of 37.5% of all subjects increased. As these results, it
concluded that the contamination might increase after shampooing.
However it remains presumptive, it is necessary to clarify the reason
in the future.
The results of VAS showed “Refreshing” increased, and “Itching”
decreased. The correlation between “Refreshing” and “Itching” before
and after shampooing suggested that subjects used “Refreshing” as
a synonym for “No or little itching”. Compared the observed ATP
as quantitative contamination to VAS as qualitative contamination,
there was no correlation between them. It turned out that the degree
of actual contamination differed from the degree of contamination
which subjects feel. It has been reported that there was wide individual
variation in subjective assessment, and it suggested that it is difficult to
guess them from ATP level. There was a strong correlation between the
cleanliness level and the normalized VAS of “Refreshing”. It considered
that the more ATP decrease, the more subjects feel refresh. So, it can
be said that new shampooing method whose cleanliness level is high
provides patients with comfort.
There was little or no effect of physiological responses. SBP, DBP
and HR of BS significantly increased than that of RBS. It is thought that
subjects changed body position from supine to sitting or the Fowler
position. In fact, that of BS or AS in sitting or the Fowler position
significantly decreased than that of RAS in supine position. Some
studies showed the relaxing effect by shampooing [2,3,6,7]. It is reported
that a relaxation will decrease BP, HR, muscle tone and sympathetic
nerve activity, and it will increase parasympathetic nerve activity and
body temperature and so on. However, such change was not seen in this
study. Since VAS of “Comfort” and “Fatigue” before shampooing had
a high score, it turns out that subjects’ condition before shampooing
was comparatively good and there was not much relaxation effect. The
physiological index was stable. It found that the shampoo method in
this study had little load on the body.

Conclusion
This study evaluated the cleaning effect by using ATP method
and the physiological and psychological responses comprehensively.
When we analyzed ATP adhering to head as “contamination”, the
result showed that the contamination of the scalp after shampooing
decreased by 31%, and that of the hair decreased by 22%. The degree of
actual contamination differed from the degree of contamination which
subjects feel, however it considered that the more ATP decrease, the
more subjects feel refresh. It showed the cleaning effect of shampooing
by rapid, simple and invasive method as objective and subjective index.
There was little or no effect of physiological responses. We were able to
produce basic data that evaluated the shampooing effect.
In the future, we hope to develop new shampooing method or
supporting tool that consider the cleansing effect and comfort of patient.
References
1. Ebina M, Komazawa N, Ubagami S, Kasaishi E, Ohta M, et al. (1998) Gasho
ga hitsuyo to sareru kanjya no sempatsu kaisu to senmen yougu ni tsuite no
jittaicyousa (in Japanese). Medical journal of Towada City Hospital 13: 60-62.
2. Funaki K, Kamidate N, Yamada K, Yamamoto M (2008) The effect of hair
shampooing as nursing care (in Japanese). Miyagi University Nursing Review
11: 21-26.
3. Tsuda T, Higashi S, Matsuzaki T, Yamaguchi S, Matsunari Y, et al. (2007)
Scientific basis of shampooing technique seen from temperature change: an
analysis using thermography and deep temperature monitoring (in Japanese).
Biomed Thermol 26: 83-87.
4. Honda Y, Ogata T, Ogawa M (2004) The research of “the rinse” as a basic

Nursing Research and Clinical Practice

ISSN: 2167-1168 JNC, an open access journal

Citation: Takeda M, Ando T, Susuki Y, Shindo T, Yoshimoto K, et al. (2012) The Cleaning Effect of Shampooing Care by Adenosine Triphosphate
Bioluminescence System. J Nurs Care S2:001. doi:10.4172/2167-1168.S2-001
Page 5 of 5
nursing technique shampoo - The analysis of the surface-active agent
remaining concentration and the wash quantity - (Vol.1) (in Japanese). Bull
Aino Gakuin 18: 95-103.
5. Honda Y, Ogata T (2005) Research of the rinse as a basic nursing techniqueshampoo - The research of “the adequate rinse”- (Vol 2) (in Japanese). Bull
Aino Gakuin 19: 89-96.
6. Inoue N, Hashiguchi N (1999) A survey of vital information for cleanliness of
person in nursing care: physiological alterations with shampooing in supine
position. Japanese Journal of Physiological Anthropology 4: 19-26.
7. Matsumoto H, Tsuda N, Kujime K, Hosakawa J, Kawai I, et al. (1989) Influences
of Washing Hair on Hemodynamics and Metabolism (in Japanese). Bull School
of Allied Medical Science Kobe Univ 5: 161-167.
8. Maruyama S, Kidoue Y, Yokoyama F, Miura M, Chikata K, et al. (1981) Studies
of metabolic heart rate changes in hairwashing in the bending position (in
Japanese). Annual reports of the College of Medical Technology Kyoto Univ
1: 46-54.
9. Chikata K, Kidoue Y, Yokoyama F, Maruyama S, Miura M, et al. (1983) Factors
affecting hair-washing metabolism in a half-reclining position in winter (in
Japanese). Annual reports of the College of Medical Technology, Kyoto Univ
3: 55-63.
10. Itakura I, Hatanaka A, Aso Y, Tanaka Y (1994) A study of the comfortable
position for a patient during the use of a shampoo cart (in Japanese). Bull Kobe
City College of Nursing 13: 41-50.
11. Fukada J, Yonezawa H, Ishizu M, Jijiwa H, Nakamura K, et al. (1998) Muscle
load on shampooing hair sympathetic forward-bent- posture sitting position (in
Japanese). Japanese journal of nursing research 21: 29-37.
12. Numata K, Kudo S, Tsushima R (1990) Vital signs of anemia patients in forward
bending position for washing their hair (in Japanese). Japanese journal of
nursing research. 13: 63-72.
13. Hashiguchi N, Inoue N, Ishibashi K, Tochihara Y (2001) Physiological and
psychological responses to shampooing using a sink (in Japanese). Japanese
Journal of Physiological Anthropology 6: 57-64.
14. Terashima K, Miyake T, Yamagishi H, Nitta N, Hekizono M, et al. (2006) Nursing
skills to actively help with the discharge of waste matter Part II: Analyusis of
acidulously used hair washing preparation using the Belle Jouvence Hair
Treatment techniques (in Japanese). Journal of Miyazaki Prefectural Nursing
Univ 6: 39-46.
15. Tamura N, Omomoto M, Ninomiya S, Sugimoto Y, Aoi S, et al. (2007) Measuring
the technique of shampooing : Finger pressure and ways of moving the hands
which subjects evaluate as “Feels good” (in Japanese). Human and Science.
7: 31-41.
16. Hoshino S, Enomoto M, Katoh M, Miyakoshi Y, Ohtani M, et al. (1985) The
energy metabolism of a bed shampoo (in Japanese). Bull. Chiba College of
Health Science 4: 35-42.
17. Mochizuki M, Matsuoka A (1984) Study of client condition used nursing tools
on hair-cleaning (in Japanese). Japanese journal of nursing research 7: 27-35.
18. Nakamura K, Mochizuki M, Matsuoka A (1986) Study of client condition used
nursing implement on shampoo (II), Metabolism on client (in Japanese).
Japanese journal of nursing research 9: 27-35.
19. Ishii N, Chida T, Toita H, Hiramoto I (1994) The effect of a small supporting tool
in Kailipad’s shampooing (in Japanese). Japanese journal of nursing research
17: 43-48.
20. Kato K (1997) Studies on sebum on scalp and shampoo-time-lapse changes
in the amounts of triglyceride and free fatty acid on the scalp and subjective
symptoms for one week. Annual reports of the College of Medical Technology
Hokkaido Univ 10: 47-58.
21. Kato K (1998) A fundamental study on shampoo for bedridden inpatients (I)
-The relation between shampoo and the amounts of triglyceride and free fatty
acid on the scalp and subjective symptoms on the head- (in Japanese). The
Journal of the Yonago Medical Association 49: 35-44.
22. Kato K (1998) A fundamental study on shampoo for bedridden inpatients (II)
-The relation between shampoo and normal bacterial flora on the scalp and
desquamated skin and subjective symptoms on the head- (in Japanese). The
Journal of the Yonago Medical Association 49: 45-56.
23. Kato K, Fukada M (2000) Experimental studies on shampooing care -About

J Nurs Care

sebum on the scalp and subjective symptoms of the head. Bull Tottori University
College of Medical Care Technology 32: 68-76.
24. Kato K, Fukada M (2000) Studies in literature on a true form of the head
pollution and shampooing care -Part 1. The self-cleansing action and normal
bacterial flora on the skin. Bull Tottori University College of Medical Care
Technology 32: 83-86.
25. Kato K, Fukada M (2000) Studies literature on a true form of the head pollution
and shampooing care -Part 2. About the action of normal flora on the skin
surface. Bull Tottori University College of Medical Care Technology 32: 87-90
(2000)
26. Kudo A, Ogawa T, Inatomi K, Hirayama K, Kobayashi S (2001) Bacterial
hair contamination in geriatric patients and effects of shampoo methods for
prevention of infection (in Japanese). The journal of Juntendo Medical College
of Nursing 12: 46-54.
27. Ikeda N, Shirai F, Dohi Y (2006) Washing hairs with shampoo remained alive
bacteria on them, that may be prevented from their growth by subsequent
drying (in Japanese). Journal of Japanese Society of Nursing Research 29:
19-25.
28. Liu Y, Liu C, Collaudin C, Saint-Léger D, Loussouarn G, et al. (2010) Challenging
the scalp with ‘dry’ wash shampooing (DW) on Chinese men: an in vivo study.
Int J Cosmet Sci 32: 127-133.
29. Aycicek H, Oguz U, Karci K (2006) Comparison of results of ATP bioluminescence
and traditional hygiene swabbing methods for the determination of surface
cleanliness at a hospital kitchen. Int J Hyg Environ Health 209: 203-206.
30. Cooper RA, Griffith CJ, Malik RE, Obee P, Looker N (2007) Monitoring the
effectiveness of cleaning in four British hospitals. Am J Infect Control 35: 338341.
31. Lewis T, Griffith C, Gallo M, Weinbren M (2008) A modified ATP benchmark for
evaluating the cleaning of some hospital environmental surfaces. J Hosp Infect
69: 156-163.
32. Boyce JM, Havill NL, Dumigan DG, Golebiewski M, Balogun O, et al. (2009)
Monitoring the effectiveness of hospital cleaning practices by use of an
adenosine triphosphate bioluminescence assay. Infect Control Hosp Epidemiol
30: 678-684.
33. Aiken ZA, Wilson M, Pratten J (2011) Evaluation of ATP bioluminescence
assays for potential use in a hospital setting. Infect Control Hosp Epidemiol
32: 507-509.
34. Asano R, Sugiyama A (2001) Evaluation of ATP Bioluminescence Rapid
Hygiene Monitoring System on the Bacteriological Examination (in Japanese).
Journal of Nagoya Women’s Univ Home economics natural science 47: 95-100.
35. Marena C, Lodola L, Zecca M, Bulgheroni A, Carretto E, et al. (2002)
Assessment of handwashing practices with chemical and microbiologic
methods: preliminary results from a prospective crossover study. Am J Infect
Control 30: 334-340.
36. Sugiyama A, Yamada K, Asano R (2005) Educational effects of hand cleaning
technique using ATP bioluminescence rapid hygiene system (in Japanese).
Journal of Nagoya Women’s University Home economics natural science 51:
53-58.
37. Sugiyama A, Yamada K, Watanabe M (2006) Educational effect of hand
cleaning technique introduced previous test of fluorescent hand lotion test
before bioluminescence rapid hygiene system (in Japanese). Journal of
Nagoya Women’s University Home economics natural science 52: 19-23.
38. Kuda T, Ota M, Gushiken K, Okayama H, Sawaguchi S (2009) Comparison
between adenosine triphosphate measurement and agar method to evaluate
surgical hand antisepsis (in Japanese). Ryukyu Medical Journal 28: 41-44.
39. Morohashi S, Takeuchi N, Kitazato J, Tanaka R (2010) The examination
of cooking employees, etc. of the hand washing method in specific feeding
facilities (in Japanese). Bull. Hokkaido Bunkyo Univ 34: 81-85.
40. Kuda T, Ota M, Kakinohana S (2011) Clinical significance of surgical hand
washing evaluation based on adenosine triphosphate measurement (in
Japanese). Japanese journal of environmental infections 25: 83-86.
41. Kikkoman Biochemifa Co.
42. Nakano E, Tsuda T, Nagashima Y, Fuchino Y, Kato N, et al. (2008) Research
regarding hair washing technique evidence - Examining cleanliness levels and
comfort according to whether or not hair is washed with warm water at the prewash stage-. FPU Journal of Nursing Research 6: 35-39.

Nursing Research and Clinical Practice

ISSN: 2167-1168 JNC, an open access journal

