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1. Objectives
The aim of this review is to examine the extant professional literature regarding the correct
technique for hand washing for standard infection control purposes. The specific objectives of
the review are to determine:
•

What is the recommended water temperature for hand washing?

•

How should hands be washed?

•

What is the correct technique to ensure that all surfaces of the hands are covered during
washing?

•

How should hands be dried after hand washing?

•

What is the evidence relating to finger nails to enable effective hand washing?

•

What is the evidence regarding the wearing of jewellery in relation to hand washing?

•

What is the evidence regarding the bare below the elbows policy?

•

Where should hand washing products be placed in the patient care environment?

•

What are the requirements for sink design, provision and types of taps?

N.B. Recommendations relating to specific hand hygiene products, i.e. soap types, are outlined
in the hand hygiene products literature review.

2. Methodology
This targeted literature review was produced using a defined methodology as described in the
National Infection Prevention and Control Manual: Development Process.
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3. Recommendations
This review makes the following recommendations based on an assessment of the extant
professional literature on hand washing for standard infection control purposes:
What is the recommended water temperature for hand washing?
Hands should be washed with warm/tepid water to mitigate the risk of dermatitis associated
with repeated exposures to hot water and to maximise hand washing compliance.
(Grade D recommendation)
(AGREE rating: Recommend)

How should hands be washed?
Cuts and abrasions should be covered with a waterproof dressing before commencing hand
washing.
(AGREE rating: Recommend)
Hands should be washed as follows:
•

Wet hands under running warm/tepid water.

•

Apply the manufacturers recommended quantity of liquid soap – normally via a
measured dispenser.

•

Rub hands together for at least 15 seconds, ensuring all surfaces of the hands are
covered with lather.

•

Rinse hands well under running water.

•

Dry hands thoroughly using a disposable paper towel.

•

Turn off the tap(s) using elbow or a paper towel to prevent contamination of clean
hands.

(Grade D recommendation)
(AGREE rating: Recommend)
Health Protection Scotland (HPS)
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What is the correct technique to ensure that all surfaces of the hands are covered
during washing?
The following technique should be used to ensure that all surfaces of the hands are covered
during hand washing:
•

Rub hands palm to palm.

•

Rub right palm over the back of the other hand with interlaced fingers and vice versa.

•

Rub palm to palm with the fingers interlaced.

•

Rub the backs of fingers to opposing palms with fingers interlocked.

•

Use rotational rubbing of the left thumb clasped in the right palm and vice versa.

•

Use rotational rubbing, backwards and forwards with clasped fingers of the right hand
in the left palm and vice versa.

(Grade D recommendation)
(AGREE rating: Recommend)

How should hands be dried after hand washing?
Wet surfaces transfer microorganisms more readily than dry ones, it is therefore vitally
important that healthcare workers dry their hands after hand washing. Furthermore, failure to
adequately dry hands can, over time, lead to skin irritation/damage.
•

Cloth towels – either roll or hanging type – pose a contamination risk and therefore
should not be used in the clinical/hospital setting.

•

Air dryers may be unsuitable for use in the clinical setting because they are noisy and
may disperse microorganisms via the airborne (aerosol) route.

•

Hands should therefore be dried with soft, absorbent, disposable paper towels from a
dispenser which is located close to the sink but beyond the risk of splash
contamination.

(Grade D recommendation)
(AGREE rating: Recommend)
Health Protection Scotland (HPS)
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Soft, absorbent, disposable paper towels should be used to dry each area of the hands
thoroughly remembering all of the steps included in the hand washing process. Drying
should be achieved by patting dry each part of the hand avoiding rubbing, which may lead to
skin irritation/damage.
(Good Practice Point (GPP))

What is the evidence relating to finger nails to enable effective hand washing?
When providing patient care, nails should be kept short and clean and staff should not wear
false nails.
(Mandatory)
Finger nails should not exceed ¼ inch (approx. 0.5 cm) beyond the end of the finger tip to
prevent the accumulation of debris under nails and to facilitate effective hand hygiene.
Artificial nails should not be worn as they inhibit hand hygiene and pose an infection risk.
Nail products should not be worn as chips may harbour bacteria and thus represent an
infection risk.
(Grade D recommendation)
(AGREE rating: Recommend)
What is the evidence regarding the wearing of jewellery in the clinical setting?
Jewellery, including wrist watches, bracelets and rings (excluding a plain metal finger ring),
should not be worn because it inhibits effective hand washing, may increase bacterial load on
the hands and thus pose an infection risk and may interfere with the provision of clinical care.
(Please note that specific recommendations for surgical scrub are included in the surgical
hand antisepsis review)
(Mandatory)
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What is the evidence regarding the bare below the elbows policy?
The Scottish Government in line with the Department of Health recommendation, and as part of
the development of a new national NHSScotland uniform policy, have recommended that
clinical staff in NHSScotland should be “bare below the elbows”.
(Mandatory)

Where should hand washing products be placed in the patient care environment?
Liquid soaps and paper towels must be wall mounted and placed near sinks allowing for easy
operation.
(Mandatory)
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What are the requirements for sink design, provision and types of tap?
Sinks located in the clinical area need to be fit for purpose (e.g. designed to prevent
splashing, enable effective cleaning, designed not to have a plug or overflow, include a
splash-back).
In healthcare settings mixer taps should be used as high water temperatures are used to
control Legionella spp.
Mixer taps should be operated either by the persons elbow, wrist, knee or by a sensor.
The cleaning and flushing of non-touch taps should be considered.
The operation of the mixer tap should allow them to be easily turned on and off without
recontamination on the operator’s hands.
The mixer tap should be placed in such a way that they do not point directly into the sink
outlet.
The use of a shallow sink will also cause splashing and therefore should be avoided.
Strainers and anti-splash devices for sink outlets should also not be used as they can
become easily contaminated.
In areas where clinical procedures or examinations are undertaken (e.g. outpatients
department), the sink should be located close to the procedure.
In intensive care and high dependency units, one sink per bed space is recommended.
Low dependency settings, one sink between six patients is recommended.
Acute, elderly and long-term care settings, one sink between four patients is recommended.
Hand washing facilities should:
•

Only be used for the purpose of hand washing.

•

NOT be used for disposal of any body fluids.

(Mandatory)
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4. Discussion
4.1 Implications for practice
There is a substantial volume of evidence published in the literature which examines hand
hygiene, including hand washing in health and social care settings. Specifically, the extant
professional literature on hand washing, whilst extensive, is typically in the form of nonsystematic reviews, consensus/practice guidelines, expert opinion and low evidence studies.
What is the recommended water temperature for hand washing?
A limited volume of evidence was identified by this review which examines water temperature
for hand washing. The identified evidence is consistent in its recommendations that hands
should be washed using warm or tepid water because repeated exposure to hot water may lead
to the development of dermatitis.1-4 There is also consensus in international and national
guidance which supports the assertion that hands should be washed in warm water due to the
risk of dermatitis associated with repeat exposure to hot water as well as intolerance to cold
water.5-8
(Grade D recommendation)
(AGREE rating: Recommend)
Furthermore, it is possible that extremes of water temperature could have a detrimental effect
on hand washing compliance of healthcare workers or the rigour of their hand washing
technique; although no evidence was identified by this review to support this assertion.
How should hands be washed?
The identified guidance recommends that all cuts and abrasions should be covered with a
waterproof dressing before hand hygiene, including hand washing is commenced.6
(AGREE rating: Recommend)
There is consensus in the literature regarding the recommended method for hand washing in
the healthcare setting, which can be summarised as follows:
•

Wet hands under running warm/tepid water: hot water should not be used.
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•

Apply the manufacturers recommended quantity of liquid soap.

•

Rub hands together for at least 15 seconds, ensuring all surfaces of the hands are
covered.

•

Rinse hands well under running water.

•

Dry hands thoroughly using a disposable paper towel.

•

Turn off the tap using elbow or a paper towel to prevent contamination of clean hands. 17;9-21

(Grade D recommendation)
(AGREE rating: Recommend)
What is the correct technique to ensure that all surfaces of the hands are covered during
washing?
There is also a less extensive body of evidence which is consistent in its recommendations
regarding how all surfaces of the hands should be covered during hand washing. This technique
was first outlined by Ayliffe et al in the late 1970s 22 and despite the fact that it was not designed
for application in clinical practice, there is now consensus across the literature that this
technique constitutes best practice. The technique can be summarised thus:
•

Rub hands palm to palm.

•

Rub right palm over the back of the other hand with interlaced fingers and vice versa.

•

Rub palm to palm with the fingers interlaced.

•

Rub the backs of fingers to opposing palms with fingers interlocked.

•

Use rotational rubbing of the left thumb clasped in the right palm and vice versa.

•

Use rotational rubbing, backwards and forwards with clasped fingers of the right hand in
the left palm and vice versa.6;7;12;16;20;23;24

(Grade D recommendation)
(AGREE rating: Recommend)
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How should hands be dried after hand washing?
Although a considerable volume of evidence was identified in the extant professional literature
relating to hand drying, most of this was in the form of non-systematic reviews, consensus
guidelines and low level studies. There is agreement in the literature, that because wet surfaces
transfer microorganisms more readily than dry surfaces, thorough hand drying following hand
washing is important for healthcare workers.4;11;13;25-27 Furthermore, failure to adequately dry
hands can, over time, lead to skin damage or irritation.11;13;25
(Grade D recommendation)
(AGREE rating: Recommend)
A limited volume of evidence relating to use of warm air dryers was identified. Three nonsystematic reviews concluded that air dryers are unsuitable for hand drying due to proposed
dispersal of microorganisms via the airborne route and the potential to increase bacterial counts
on hands. In addition, reduced drying efficacy compared to use of paper towels and the
potential of being too noisy for use in clinical areas was also reported.4;23;25 A number of recent
experimental studies also compared various hand drying methods and concluded that airdryers, in particular high speed air dryers, produced significantly more droplets which were
dispersed over a larger area as compared with use of paper towels.28-30 Microbial contamination
on nearby sampled equipment was also higher following use of air dryers.30 In addition, a
randomized prospective study found that hand rubbing during air drying increased bacterial
numbers on hands, in comparison to holding hands stationary.31 Provision of advice relating to
this may be unfeasible in practice. An identified experimental study presented contrasting
results relating to air drying; air dryers were found to be comparable with paper towels in
relation to hand drying efficiency and dispersal of microorganisms via the airborne route. In
addition, use of air dryers did not increase environmental contamination.27 A further study found
that there were no statistically significant differences in the efficiency of various hand drying
methods (including air drying and use of paper towels) for removing bacteria from washed
hands.32
A degree of risk has been identified in the literature relating to use of air dryers in the clinical
setting, therefore they are not recommended for use in NHSScotland.
(Grade D recommendation)
Health Protection Scotland (HPS)
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There is a general consensus in the literature relating to the use of disposable paper towels.
A number of studies stipulate that it is important to use paper towels which are soft and
absorbent, due to perceived increased acceptability by healthcare workers, prevention of skin
irritation/damage and resulting effective drying.4;13;25 The physical removal of bacteria from
areas of the hands by use of paper towels has also been described in several studies.26;31
Paper towels are also recommended for hand drying by a further review but no detail is
provided relating to the properties of towels.23 The use of paper towels is also recommended in
national and international guidelines; recommendations include that good quality paper towels
should be used for hand drying6 and that towels should be disposable.5 It is also recommended
that hands should be dried using a method which avoids recontamination and that towels
should not be used multiple times or by multiple individuals.7
One study concluded that paper towels were found to harbour culturable bacteria, although the
majority of bacteria were not transmitted to hands during drying. The authors also stated that
bacterial numbers found in the study were unlikely to pose a toxicity risk.33 Based on the
identified evidence, it is recommended that soft, absorbent, disposable paper towels are used
across NHSScotland for hand drying following hand washing in the healthcare environment.
In addition, there is consensus that cloth towels (both hanging and roll type), represent a
contamination risk and are therefore unsuitable for use in health and social care settings.
1;2;5;13;16;23;25

(Grade D recommendation)
(AGREE rating: Recommend)
What is the recommendation relating to finger nails to enable effective hand washing?
The Scottish Government’s Chief Executive Letter CEL42(2010) on dress code across
NHSScotland, states that staff should keep their nails short and clean and that they should not
wear false/artificial nails when providing patient care.34
This mandatory requirement for NHSScotland healthcare workers is supported by a significant
volume of evidence, identified by this review. There is agreement across the literature that nails
should be kept short in the healthcare setting,6;11;16;18;23;25;35;36 with the specific recommendation
that finger nails should not exceed ¼ inch (approximately 0.5 cm) in length beyond the end of
Health Protection Scotland (HPS)
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the finger tip.1;5-7;9;10;14;15;19 This recommendation is intended to facilitate thorough cleaning
underneath finger nails1;25 and is in part based on evidence which demonstrates that larger
numbers of microorganisms can be found under longer nails when compared to short nails,25;36
as well as there being the potential for debris to build up under longer nails.23 Furthermore, one
study suggests that because most microbes are found on or around the finger nails and with
long nails having the potential to tear gloves, it is vital that healthcare workers have clean short
nails.36 Therefore, in order to help ensure correct and thorough hand hygiene and to mitigate
against the potential risks associated with longer nails, healthcare workers across NHSScotland
should have short nails which do not exceed ¼ inch (approximately 0.5 cm) in length beyond
the end of the finger tip.
(Mandatory)
CEL42(2010) also states that NHSScotland healthcare workers should not wear false/artificial
nails when providing patient care.34 This mandatory requirement is consistent with the evidence
identified from the extant professional literature by this review. National guidelines and several
studies state that wearing false/artificial nails of any kind should not be permitted in the
healthcare setting.1;6;9;10;14;18;19 The evidence suggests that the wearing of artificial nails is
inappropriate in the clinical setting due to various demonstrated detrimental effects. These
include an increase in subungual (underneath the nail) bacteria15 and hand microflora25;36;37
associated with wear, which is exacerbated by gradual nail lifting at the edges and results in
further microbial growth,36 the inefficiency of hand hygiene in comparison to individuals with
natural nails as well as the possibility of glove tearing or interference with the donning of
gloves.36;37 There are also documented outbreaks where the wearing of artificial nails has been
identified as a source of infection.38-40 Therefore NHSScotland healthcare workers should not
wear any form of artificial nail as they inhibit hand hygiene and pose an infection risk.
(Mandatory)
The evidence regarding the wearing of nail products (including polish/varnish and gel nails) is
unclear, leading to conflicting recommendations in the literature. Some studies and practice
recommendations advise that the wearing of nail products should be prohibited in the clinical
setting,6;8;11;15;25;35;36 as chipped nail products may harbour microorganisms and thus represent
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an infection risk.11 Conversely, two studies state that nail products can be worn in clinical areas
provided that these are clear and free from chips.19;36
Therefore, because it is acknowledged that chipped nail products may act as a reservoir for
microorganisms and thus pose an infection risk, it is recommended that nail products should not
be worn by NHSScotland healthcare workers.
(Grade D recommendation)
(AGREE rating: Recommend)
What is the evidence regarding the wearing of jewellery in the clinical setting?
CEL42(2010) states that NHSScotland healthcare workers should not wear any wrist or hand
jewellery (other than a plain band) when providing patient care.34 This mandatory requirement
for NHSScotland healthcare workers is supported by a moderate volume of evidence identified
by this review.
The consensus of the identified literature is that the wearing of jewellery (i.e. rings, watches
and/or bracelets) prevents effective hand cleansing.6;11;23;36;41 A number of studies report that
healthcare workers who wore jewellery, predominantly but not exclusively rings, exhibited
greater bacterial counts on their hands, even following hand hygiene.41-45 Further studies also
suggest that jewellery can harbour microorganisms1;36;46 and thus pose an infection risk. It
should be noted that plain rings have been shown to harbour lower numbers of bacteria in
comparison to ornate rings.46 Recommendations from a number of guidance documents state
that jewellery should not be worn when providing clinical care35;36 or should at least be removed
prior to hand hygiene.6;25 Furthermore, the practicality of wearing rings in the clinical setting has
also been cited as an issue, with a non-systematic review suggesting that wearing rings may
make donning gloves more difficult as well as having the potential to breach glove integrity.36
The majority of the evidence identified for this review examines the wearing of rings, however
less evidence is available for the wearing of watches or bracelets. A non-systematic review
found that wearing a wrist watch prevents effective cleansing of the skin.11
Similarly, a further non-systematic review makes the same assertion; that wearing of jewellery,
including watches, inhibits correct hand hygiene.36
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One cohort study which examined contamination of hands and wrist watches concluded that
wearing a watch does not contribute to higher levels of bacteria on hands unless they are
physically manipulated or touched.47
In contrast with the majority of studies, the findings of a further recent cohort study
demonstrated that the wearing of rings and wrist watches was not associated with higher
bacterial counts on the hands of medical staff in comparison with those that did not wear these
items.48
Based on the majority consensus from the evidence; healthcare workers should not wear
jewellery, including wrist watches, bracelets and rings (excluding a plain band), because they
inhibit effective hand hygiene and may pose an infection risk.
(Mandatory)
What is the evidence regarding the bare below the elbows policy?
The Department of Health (DH) in England produced guidance on uniforms and work-wear in
2010, which has been interpreted as suggesting that the practice of being “bare below the
elbows” should be adopted.49 This guidance was based on two systematic literature reviews
conducted to assess the microbiological impact of the wearing of uniforms50 and public
perceptions in relation to uniforms and their associated infection risk,51 in addition to empirical
research into the effective laundering of uniforms.52
The Scottish Government in line with the DH recommendation, and as part of the development
of a new national NHSScotland uniform policy, have also recommended that clinical staff in
NHSScotland should be “bare below the elbows”.34 In addition, a number of the Royal Colleges
have also included the “bare below the elbows” advice within their HAI/infection control policy
documents.53-55
A rapid review of the literature by Health Protection Scotland evaluating the evidence for the
policy of being “bare below the elbows”56 concluded that there is insufficient evidence to support
this policy. A recent cohort study was additionally identified which found that medical staff who
were “bare below the elbow” and those that were not did not have significantly different bacterial
loads on their hands following hand washing.48 The evidence base which currently underpins
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the policy is not comprehensive, with the majority of studies being of low level evidence, based
on professional opinion or on small scale studies.
(Mandatory)
Where should hand washing products be placed in the patient care environment?
The placement of hand hygiene products is crucial to encourage and assist staff to comply with
correct hand hygiene practices.7 In terms of liquid soap and disposable paper towels the current
NHSScotland guidance states that these must be wall mounted and placed near sinks allowing
for easy operation.57
(Mandatory)
What are the requirements for sink design, provision and types of tap?
Sink design, provision and types of tap are important factors to consider when making an
assessment of hand washing facilities. Health Facilities Scotland guidance57 states that sinks
located in the clinical area need to be fit for purpose (e.g. designed to prevent splashing, enable
effective cleaning, not be able to have a plug or overflow, include a splash-back). This is
supported by a recent national practice recommendation.8 In addition, in areas where clinical
procedures or examinations are undertaken (e.g. outpatients department) the sink should be
located close to the procedure.57
The adequate provision of sinks in clinical areas is important as this should encourage staff to
comply with hand hygiene protocols. In a recent cross-sectional study adequate sink visibility
was found to correlate with increased hand washing frequency by healthcare staff. 58 In
addition, a further observational study found that hand hygiene compliance increased following
the installation of additional sinks, the design of which focused on increased visibility.59 It is
recommended that the number of sinks varies dependant on the clinical area.57 For example
intensive care and high dependency units should ideally have one sink at the front of each bed
space, where as for low dependency settings one sink between six patients is recommended.
Acute, elderly and long-term care settings should ideally have one sink between four patients.
Furthermore it is recommended that sinks used for hand washing should be used solely for this
purpose.57 The use of hand washing facilities has also been discussed in a DH letter60 which
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states that hand washing facilities should only be used for the purpose of hand washing; NOT
for disposal of any body fluids.
In terms of taps, Health Facilities Scotland guidance57 states that both hot and cold running
water should be available for employees where they are expected to wash their hands. In
healthcare settings mixer taps should be used as high water temperatures are used to control
Legionella spp. The taps should be operated either by the persons elbow, knee or by a sensor.
The operation of the taps should allow them to be easily turned on and off without
recontamination of the operator’s hands. The use of non-touch taps can aid this, however, there
are known issues associated with the cleaning and flushing of these. The placement of the tap
is crucial to prevent splashes and contaminated aerosols. It is therefore recommended that taps
are placed in such a way that they do not point directly into the sink outlet. In addition, the use
of a shallow sink will also cause splashing and therefore should be avoided. Swan-neck tap
outlets must not be used due to them not emptying. Strainers and anti-splash devices for sink
outlets should also not be used as they can become easily contaminated.
(Mandatory)
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4.2 Implications for research
There is an extensive body of literature which examines hand washing in health and social care
settings. Much of this literature is in the form of expert opinion and consequently, when
assessed, yields a low level of evidence and graded recommendation. Hand washing has been
recognised as being central to the prevention and control of infections within the healthcare
setting for a considerable period of time and forms the basis of Standard Infection Control
Precautions. Therefore, this may explain why the majority of evidence identified by this review is
in the form of practice guidelines, non-systematic reviews and small scale studies, as more
detailed research is deemed unnecessary. Ethical restrictions would also make it difficult to
conduct “higher“ quality studies as it would be likely that these could place either healthcare
workers or patients at unnecessary risk. Despite this, future research should seek to determine
the risk posed by change to the NHScotland (e.g. staff and environment), as well as the
implementation of new technologies. These factors may have implications for the prevention
and control of infection as well as potentially impacting on facilities and planning and having a
wider impact on costs across NHSScotland.
In addition, evidence underpinning the “bare below the elbows” policy needs to be re-evaluated
and updated. Specifically, robust research assessing the potential impact of crosscontamination from healthcare workers clothing is necessary. In addition, studies examining the
opinions of a representative sample of all healthcare workers and patients towards the “bare
below the elbows” policy, preferably at a UK level would also be beneficial.
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