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Background: Despite the widely reported success of knee arthroplasty, studies show that
1.6e3 % of patients undergo revision within the first postoperative year predominantly due
to infection. Preoperative skin preparation may potentially decrease the bacterial load
and consequently, the risk of periprosthetic joint infections. The effects of hair removal
on prosthetic joint infection are inconsistent. Our primary aim was to investigate if hair
removal with a clipper influenced skin colonisation and bacterial composition.
Methods: Forty Caucasian male participants who were planned to undergo knee arthro-
plasty, (mean age 63.8 years), were included. Patients were randomised to hair removal in
a within-person study design. As a control, the opposite leg of the patient was used. Swabs
were collected prior to hair removal (baseline), immediately after hair removal (Day 0),
and with follow-up after one and seven days.
Results: The intervention showed significant decrease in mean log colony-forming units
per. cm2 from baseline 2.97 to 2.67 (P<0.01) immediately after hair removal and sustained
at Day 1 (P¼0.01). At Day 7, the mean was non-significant compared to baseline. The
control group did not show any decrease of skin microbiota at follow-up on Day 0, 1 or 7.
No significant differences within the bacterial composition were found between the
intervention and control leg at baseline among the six most prevalent detected
bacterial species: Staphylococcus epidermidis, Micrococcus luteus, S. hominis, S. capitis,
nt of Geriatrics and Palliative Medicine, Copenhagen University Hospital - Bispebjerg and Freder-
f Clinical Medicine, University of Copenhagen, Copenhagen, Denmark.
(T. Møller).

Elsevier Ltd on behalf of The Healthcare Infection Society. This is an open access article
ivecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.infpip.2024.100377&domain=pdf
mailto:Tom.moeller@regionh.dk
www.sciencedirect.com/science/journal/25900889
www.elsevier.com/locate/ipip
https://doi.org/10.1016/j.infpip.2024.100377
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.infpip.2024.100377


T.H. Hasløv et al. / Infection Prevention in Practice 6 (2024) 1003772
S. haemolyticus and S. aureus. The study did not find any changes in the bacterial com-
position over time.
Conclusion: Hair removal with a clipper within 24 hours prior to surgery causes a sig-
nificant non-selective reduction in skin colonisation.

ª 2024 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Despite the reported success of knee arthroplasty (KA),
Danish and European studies show that a range from 1.6-3% of
patients undergo further surgical revision within the first
postoperative year [1e5]. The usual indication for early revi-
sion is periprosthetic joint infection (PJI) [1e3,6]. PJI is con-
sidered a devastating and complex complication associated
with risk of severe morbidities, possible loss of independence,
prolonged hospitalisation, and increased healthcare costs
[7e9].

Causes for PJI are multifaceted and affected by both
intrinsic and extrinsic factors. Studies show that age, male sex,
obesity, smoking, and increased alcohol consumption as well as
the comorbidities diabetes mellitus and rheumatoid arthritis,
increase the risk of infection [3,10]. In addition, perioperative
factors such as skin preparation, duration of surgery, bleeding
complications andmicrobial contamination are known to affect
the risk [3,10,11].

Staphylococcus aureus and Staphylococcus epidermidis
originating from the patient’s commensal skin flora have been
identified as the most common causative organisms related in
PJI [7,10]. Therefore, skin preparation before surgery to
decrease the bacterial load is considered relevant to reduce
the risk of PJI. Several preoperative interventions such as body
washing, skin decontamination with chlorhexidine gluconate
and the use of antimicrobial incision drape reduce the patient’s
skin microbiota in the surgical field [12e14]. The WHO rec-
ommendations, based on an inconclusive Cochrane review from
2021, recommend that hair removal is not advised as part of
skin preparation, but if necessary, it should be performed with
a clipper [14,15].

The evidence as to whether removal of hair can reduce the
risk of infection remains unresolved. It is an interesting ques-
tion for several reasons. Due to its growth from follicles
beneath the surface of the epidermis, hair represents a tissue
component colonised with microorganisms, as is the skin sur-
face [16]. Growth of body hair is known to be of intrapersonal
as well as interpersonal variation [17], but in males, testos-
terone further contributes to an increased growth of terminal
hair in the face as well as the chest, back, legs and genitals
[18]. This difference in hair growth may explain why men have
a significantly higher bacterial contamination in the surgical
field and correspondingly an increased risk of infections
[3,4,12,19].

Previous studies of hair removal methods using razors,
depilatory cream or clipping on PJI have found that hair
removal performed with a clipper was the gentlest method for
skin preparation [15,17,20,22]. Studies investigating the effect
of hair removal with a clipper on PJI, are characterised by low
quality due to short follow-up times, time of hair removal, lack
of specification of method, location, and control group
[13,15,21,22]. The present study applied a randomised con-
trolled design to investigate the effect of hair removal with a
clipper on skin colonisation and to investigate if hair removal
could lead to changes in the skin microbiota in male patients
prior to knee arthroplasty.

Methods

Study design and setting

A non-blinded within-person randomised controlled study
design was applied, where the patient acted as his own control
for skin swabs taken from both intervention and control sites.

The primary outcome was the between-group difference in
colony forming units (CFU) reduction at Day 0, 1 and 7. As a
secondary outcome, changes in the skin microbiota composi-
tion after hair removal with a clipper were investigated.

The sample collection, bacterial cultures and CFU count
were performed by one investigator, while the bacterial iden-
tification was performed by another investigator to ensure
uniform collection and processing of samples.

Power calculation

Sample size was calculated based on data from Jung et al.,
2016 [17], who found a reduction in mean Log10(CFU) from 2.6
� 1.27 (SD) to 1.76 � 0.8 (SD) from Day 0 to Day 1, due to hair
removal with clipping. With a 1.0 SD with log10, 2-tailed a ¼
0.05, a power of 80 % and an effect of 0.84 the sample size
should be a total of forty participants due to the ‘within per-
son’ design.

Ethics statement

The study was considered by the Danish Science Ethics
Committee to be a pre-clinical study and waived an approval
(J.no. 19084310). The study was conducted in accordance with
the Helsinki Declaration [23]. The Orthopedic Surgery Depart-
ment approved the project and followed GDPR regulations
[24]. All participants received oral and written information and
provided informed consent. The study did not have any influ-
ence on planned surgery, and participants could withdraw at
any time.

Bacterial isolates were stored at Costerton Biofilm Center at
University of Copenhagen Denmark.

Participants

Participants were from The Orthopedic Surgery Department
at Herlev-Gentofte Hospital, Denmark. All measures and swabs
were performed prior to planned surgery. Male patients � 50
years were eligible for enrollment.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 2. Randomisation sites intervention was performed in
randomization between R1, R2, L1, L2. Control was performed in
parallel site on opposite legs. Baseline was performed in remain-
ing sites.
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Patients who used systemic or local antibiotics, steroids,
moisturizer, had performed hair removal within the previous 30
days, had active skin disease or inflammation, scars in the
sample area, were excluded. The participants were required to
have a shower no more than 6 hours prior to samples, to sim-
ulate local instructions for skin cleaning prior to KA.

Ninety-three patients were screened (Figure 1). Forty Cau-
casian males, 50e85 years of age volunteered to participate in
the period JuneeOctober 2020.

Procedure

The hair removal site was determined by randomisation of
one of four possible locations: right leg proximal (R1), right leg
distal (R2), left leg proximal (L1) and left leg distal (L2) of the
patellae (Figure 2). The sample location for hair removal was
selected by randomisation, for example R1 with the opposite
L1 automatically becoming the control. Baseline samples were
then taken from both remaining sites, respectively R2, L2.

Sample sites for intervention and control were maintained
throughout all sampling: Day 0, 1 and 7.

Hair removal was performed in a 5x5 cm square centered on
the randomised sample site. Hair removal was performed with
BD Surgical Clipper 5513E Rechargeable Unit � (Vernon Hills,
IL, USA) calibrated to a hair length of approximately 0.23 mm.
After clipping, hair residues were removed with a clean, dry
towel. The control leg was equally wiped.

Participants were positioned supine in a hospital bed during
sampling. Swabs were collected in midline proximal to patella
for the purpose of obtaining changes in skin colonisation as
close to the incision site for KA as possible.

Skin swabs were performed prior to hair removal (baseline),
immediately after (Day 0), one day after (Day 1) and seven days
(Day 7) after hair removal. Swabs were collected from both
intervention and control sites at each time point.

Sampling was performed by the ‘cylinder-sampling’ method
[17,25,26] using a sterile stainless-steel cylinder made of AISI
304 certified steel with an inner diameter of 3.8 cm (total
sample site of 11.3 cm2).
Figure 1. CONSORT
The sterile cylinder was placed on the sample site and
added with 3.5 ml. sterile water. The area was scrubbed with a
sterile swab in even grid formation for one minute. The
material was transferred into a sterile tube using a sterile
syringe (Figure 3). The procedure was repeated, and material
was added to the same tube. Samples were immediately stored
on ice for 3e4 hours until further processing.
Culture of skin microbiota and bacterial identification

In ten-fold serial dilutions, 1.0 ml of 7.0 ml suspension was
used for CFU count. Bacterial dilutions were plated on 5 %
blood agar plates and incubated at 35� C for 48 hours. The CFU
were determined by manual cell count [27] and explicated as
CFU/cm2. The bacterial isolates were collected based on
flow diagram.



Figure 3. Boxplot of log reduction by Log10(CFU/CM
2).

Table I

Patient characteristics.

Participant characteristics, self- reported, N¼40 Mean (range)

Age, y 66 (50e82)
Weight, kg 92 (68e113)
Height, m 1.8 (1.7e1.9)
Body Mass Index (BMI)a 27 (23e31)
Alcohol, week 6 (0e28)
Smoking, day 0 (0e15)
Diabetes mellitus
IDDMa 1
NIDDMb 1
No diabetes 38

a IDDM Insulin-dependent diabetes mellitus.
b NIDDM non-insulin dependent diabetes mellitus.
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morphology (form, shape, structure) with one sample per col-
ony and stored at -80� C in LB (Luria-Bertani) broth with 20%
glycerol.

A total of 1555 isolates were prepared for matrix-assisted
laser desorption-ionization e time of flight mass spectrome-
try (MALDI-TOF MS�) identification according to the manu-
facturer’s manual (Bruker, Billerica, MA, US). Isolates were
identified using a Microflex LF mass spectrometer, Bruker �
Biotyper 3.1 software and BDAL standard library (Bruker) at the
department of Clinical Microbiology, Rigshospitalet, Copenha-
gen. The following analysis includes only isolates achieving a
quality score of at least 2.0. Isolates not immediately identified
were re-analysed up to four times [28,29]. Furthermore,
inclusion of species was limited to those present in a minimum
of three patients in the groups of intervention or controls.

Statistics

Primary outcome
Log10 reduction (LRCFU) was tested for symmetry with PeP

plots to make a parametric comparison of log10 transformed
CFU/cm2 between groups. LRCFU ¼ log10(CFU/cm

2)DayX -
log10(CFU/cm

2) baseline were analysed with a paired t-test at
Day 0, 1 and 7. Boxplot was applied to visualise the normal
distributed parametric log Reduction in control and inter-
vention group at each timepoint.

Microbiological data was classified as paired categorical
variables. McNemar’s test was used to calculate a possible
statistically significant association between as within the two
groups at the different time points.

Statistical significance was set at P � 0.05. Statistical
analyses were performed with R, version 4.0.3 [30] and IBM
SPSS Statistics for Windows �, version 28 (IBM Corp., Armonk,
N.Y., USA). For randomisation, Procordo Software (Procordo,
Copenhagen, Denmark) was used.

Results

All 40 participants attended at every time point (baseline,
Day 0, 1 and 7), giving a 100% participation rate. All samples
(160 þ 160) were collected and handled per protocol. In eight
samples, two from the control group and six from the inter-
vention group, no bacteria were detected. Table I provides the
participants’ characteristics.
Primary outcome

The log transformation of CFU did not reject a normal dis-
tribution and allowed us to performparametric t-tests. Themean
count of log transformed CFU (log10 CFU/cm2) changed sig-
nificantly in the intervention but not the control leg that
remained stable over time (Table II). The between groups para-
metric measures of CFU reduction (LRCFU) revealed significant
differences at Day 0 and Day 1 favouring the intervention leg,
while no difference was seen between legs at Day 7 (Table II).
Figure 3 provides a box plot of parametric LRCFU at Day 0, 1 and
Day 7. (A positive value represents a higher reduction of CFU).
Change in microbiota

Overall 1555 isolates were analysed. A quality score below
1.70, resulting in no identification was seen in 32 isolates (2%)



Table II

CFUMean and log reduction

Data are presented as log10 CFU/cm
2

Knee allocation Baseline

Mean (SD)

Day 0

Mean (SD)

P- valuea Day 1

Mean (SD)

P- valuea Day 7

Mean (SD)

P-valuea

Control 2.90 (0.58) 2.84 (0.60) 0.30 2.88 (0.61) 0.68 2.94 (0.57) 0.72
Intervention 2.97 (0.71) 2.67 (0.76) <0.01 2.71 (0.63) 0.01 2.83 (0.61) 0.12
LRCFU

b 0.24 (0.60)
P¼0.02

0.94 (0.83)
P< 0.01

0.17 (0.59)
P¼0.08

a Within group variance from baseline.
b Between group variance (LR_Intervent. - LR_Control) on log10Reduction of Tx - Baseline.
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and 91 isolates (6%) had a score between 1.71 and 1.99, and it
was only possible to identify at genus level.

Overall, 1432 isolates (92,1%) were successfully identified.
Following analysis, 362 duplicates of bacterial species
within the same sample were excluded from the dataset. The
final statistical analysis included 1070 microbiological
identifications.

After identifying baseline isolates, a predominance of six
different bacterial species emerged in the intervention group
(I) and the control group (C), respectively: Staphylococcus
epidermidis (I:55%; C:70%) and Micrococcus luteus (I:63%;
C:55%), Staphylococcus hominis (I:35%; C: 40%), Staph-
ylococcus capitis (I:40%; C:30%), Staphylococcus haemolyticus
(I:25%; C:42.5%) and Staphylococcus aureus (I:15%; C:12.5%). In
addition, in a subset of 2.5%e10% of the patients Staph-
ylococcus caprae, Staphylococcus warneri, Staphylococcus
lugdunensis, Corynebacterium amycolatum, Corynebacterium
aurimucosum, Acinetobacter lwoffii and Bacillus cereus also
occurred. The McNemar’s test showed no statistically sig-
nificant difference between intervention group and control
group at baseline in neither the six most often detected species
nor the rare ones.

At Day 0 and 1, the same six bacterial species dominated in
both the intervention group and the control group, thus, no
significant difference was seen between groups. At Day 7, when
the regrowth of hair appeared, the commensal community
were restored and did not differ significantly between groups
(Table III).

Changes over time in the two groups were examined within
the most frequently occurring bacterial species
(S. epidermidis, M. luteus, S. hominis, S. capitis, S. haemoly-
ticus and S. aureus). There was no significant difference in the
bacterial composition over time when the baseline species
were compared to the findings of Day 0, 1 and 7.
Discussion

This study aimed to investigate the effect of hair removal on
changes and variation in the skin microbiota prior to surgery
with KA. The significant reduction in CFU immediately after
hair removal and following day highlights this potential method
in reducing skin commensals prior to surgery. The similar
microbial composition in the skin of intervention and control
legs suggest that hair removal does not cause selection of
specific bacteria such as S. aureus and S. epidermidis. The low
numbers of Corynebacterium species are consistent with find-
ings in a previous study when we observed that the knee was
colonised with relatively few culturable bacteria compared
with other body sites. [12].

The main benefit was the significant reduction in the num-
ber of bacteria. This point was strengthened by the changes in
CFU over time, although the reduction was insignificant within
a week after hair removal. Our findings are consistent with the
findings of Jung et al., 2016 [17], although, their results may
have been influenced by a limited number of participants and
the lack of a control group, making it difficult to compare
directly with our findings.

There is evidence suggesting that hair removal with a razor
may be harmful, causing microlesions which form a reservoir
for bacteria, and increase the risk of infection. When using a
razor, the sharp blade is drawn directly across the skin,
whereas the clipper cuts the hair close to but not at the base
why the skin is left intact [17]. It should be noted that hair
removal is recommended to be performed outside the oper-
ating theatre to prevent bringing contaminated hair residue
into a sterile environment [31]. The time taken for clipping and
the subsequent clean-up has been examined in a previous
study, which found that clipping including the clean-up took
approximately 4.2 minutes for a lower leg [27]. Hair removal
should be considered a relatively small cost compared with the
costs associated with PJI.

The individual’s skin microbiota is influenced by several
different factors (age, sex, health status, skin habitat and
anatomical location) [32e33]. Additionally, environmental
factors such as occupation, clothing [34], and the individual’s
use of hygiene products may also influence the microbial
composition [33,34].

In our study, some bacterial species were only identified in a
few individuals. These findings reflect the individual factors
affecting the skin microbiota. However, the significance of the
interplay between the host and the skin microbiota is not fully
understood. The community composition and the inter-
microbial interaction may play a role in the risk of developing
surgical wound infections [35].

There were strengths and limitations of this study. Even
though, there is a predominance of women among patients who
undergo K.A., older men are at a higher risk of complications.
Hence in this study, only men over the age of 50 were inves-
tigated [19]. Elderly men often have abundant hair growth,
which is a potential reservoir for bacteria [16]. Due to sweat
production and hormones both sex and age plays a role in the
skin microbial composition [16,18]. Ethnicity, social behavior
and economic status may also influence the detection of less
common species in the skin microbiota [34]. However, this
randomised controlled within-person design limited these
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confounding factors. The study exclusively included Caucasian
males. Furthermore, patients with skin disorders, or patients
who needed treatment with hormones were excluded. These
patients have a certain degree of damaged skin, which may
ease penetration of bacteria through the skin barrier [36]. In
particular, an increased occurrence of yeasts and S. aureus
have been observed in the skin microbiota of these patients
[36]. Consequently, patients with skin disorders of various
kinds may be at increased risk of acquiring a surgical site
infection when undergoing K.A. Thus, the choice of patient
population in the present study strengthens the internal val-
idity, while decreasing generalisability.

Another noteworthy strength was that sample collection
and processing was conducted by two researchers and thereby
uniformly handled in every step. The cylinder method used for
sampling, performs wet sampling, which releases up to 10
times more bacteria compared with dry sampling, [37]. Addi-
tionally, the double scrubbing of the sample site collected up
to 97% of the skin microbiota present [38]. Furthermore, a
larger sample site, compared with previous studies [17,26]
adds strength to the sample collection.

The use of antiseptic disinfectant for skin preparation in the
operating theatre is a well-integrated procedure prior to sur-
gery to reduce the risk of PJI [13,32]. What effect the combi-
nation of hair removal has in combination with chlorhexidine
gluconate and use of antimicrobial incision drape on the con-
tamination in the surgical field needs further investigation. PJI
often presents as a late outcome following the intervention,
and it is therefore difficult to judge an immediate effect
[1,39,40]. Nevertheless, acknowledgement that hair removal
can contribute to reduced colonisation and thus potentially a
reduced risk of infection is of clinical importance.

Conclusions

Hair removal with a clipper has a transient effect on
reducing the microbial colonisation of the skin prior to K.A. in
males. The occurrence, variation and potential selection in the
skin microbiota did not change significantly over time following
hair removal.

The study findings may be relevant to other surgical spe-
cialties such as gastrointestinal surgery and thoracic surgery,
where hair growth is highly represented on the skin and the
prevention of surgical site infection is crucial to achieve a
positive clinical outcome.
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