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REVIEW ARTICLE

Ergonomics

The comfort and functional performance of personal protective 
equipment for police officers: a systematic scoping review

Sean Hudson, Leanne Ridland, Joanna Blackburn, Leanne Monchuk and Karen Ousey

school of Human and Health sciences, University of Huddersfield, Huddersfield, UK

ABSTRACT
This scoping review aimed to identify and summarise evidence on the comfort and functional 
performance of police officer personal protective equipment (PPE). The Arksey and O’Malley 
(2005) five-stage framework for scoping reviews was followed. PubMed, CINAHL, Scopus, and Web 
of Science were searched, and 35 articles were included in the review. The findings show that 
increased police PPE mass increases heart rate, metabolic energy expenditure, and perceived 
exertion in response to exercise. Unisex armour designs cause increased discomfort for females 
with larger bra sizes. PPE reduces joint-specific range of motion, with the design and location 
impairing movement more than mass. Jumping and sprinting performance is decreased with 
heavy PPE but unaffected by lighter protection, while agility is compromised with most forms of 
protection. Future research is needed on the fit and function of PPE for specialist police units, 
such as mounted police, along with further investigations on how fit can affect functional 
performance.

PRACTITIONER SUMMARY
This paper identifies and reviews existing evidence on the comfort and functional performance 
of police officer personal protective equipment (PPE). This is significant because it summarises 
and categorises key concepts that underpin research in this area, whilst highlighting gaps in the 
current knowledge and areas for future research.

Introduction

The main duty of police officers in the UK is to protect 
the public through crime detection and prevention 
Brown (2021). In doing so, they perform a variety of 
tasks, from desk-based work to pursuing suspects (Orr 
et  al. 2020). Due to the varied and physical nature of 
law enforcement, which ranges from restraining 
offenders (Bonneau and Brown 1995, Orr et  al. 2020) 
to riding horses (Orr et  al. 2023), police officers are at 
high risk of physical injury while at work. To reduce 
the risk of injury, police personnel are often required 
to wear personal protective equipment (PPE) during 
occupational tasks (Malbon et  al. 2020). PPE describes 
any equipment worn or held by a person at work to 
reduce risks to their health and safety (UK Health and 
Safety Executive 2023) and can range from wearing 
gloves on an industrial assembly line (Chang, Wang, 
and Lin 1999) to astronauts wearing space suits to 
protect them from the extreme conditions of space 
(Abramov, Moiseyev, and Stoklitsky 2001). For police 

officers, PPE can include equipment such as body 
armour, helmets, duty belts, tactical vests, and limb 
protection (Lewis et  al. 2017). Police officers tend to 
wear PPE that is designed to protect them from threats 
related to their specific duties (Lewis et  al. 2017), so 
the amount and type of PPE varies between roles, 
with the additional mass ranging from 3.5 kg for offi-
cers on general duty (Dempsey, Handcock, and Rehrer 
2013) to 22 kg for specialist tactical police officers 
(Carbone et  al. 2014).

Carrying more/heavier equipment can increase 
physical exertion and reduce occupational task perfor-
mance (Knapik et  al. 1997), which could lead to a 
trade-off between increased protection and reduced 
functional performance for police officers. The size and 
fit of PPE also appears be an important factor for func-
tional performance, with poor fitting PPE negatively 
affecting performance in the military (e.g. Armstrong 
et  al. 2019, Coltman et  al. 2020), fire and rescue ser-
vice (e.g. Park and Langseth-Schmidt 2016), and 
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aerospace (e.g. Fineman et  al. 2018). Specifically, poor 
fitting PPE has been shown to reduce reaction time 
(Choi et  al. 2016), decrease range of motion (Coltman 
et  al. 2020), and decrease pulmonary function 
(Armstrong et  al. 2019). Although PPE differs between 
occupations, due to different risks to health and safety, 
it seems likely that poorly fitting PPE would also neg-
atively impact police officer performance, as it has 
been shown to inhibit task performance across several 
occupational domains (military, healthcare, firefighting, 
aerospace, and manufacturing) (Brisbine et  al. 2022).

Tomes, Orr, and Pope (2017) systematically reviewed 
the impact of law enforcement body armour on physical 
performance and reported increased physiological mea-
sures of workload (Majumdar et  al. 1997, Caldwell et  al. 
2011), decreased balance and mobility (Dempsey, 
Handcock, and Rehrer 2013), compromised trunk posture 
though increased flexion or extension during tasks 
(Phillips, Bazrgari, and Shapiro 2015, Phillips, Shapiro, and 
Bazrgari 2016, Lenton et  al. 2016), increased perceived 
exertion (Larsen et  al. 2012, Ricciardi, Deuster, and Talbot 
2007, Caldwell et  al. 2011), and mildly elevated core body 
temperatures (Caldwell et  al. 2011, Larsen et  al. 2012). 
However, ten out of the sixteen studies reviewed by 
Tomes, Orr, and Pope (2017) focused on military body 
armour only, which could be considered a major limita-
tion, as standard military body armour is generally heavier 
than the protective equipment worn by police officers 
and has been associated with poorer functional move-
ment, agility, and subjective comfort compared to police 
PPE (Orr, Schram, and Pope 2018). Furthermore, the vari-
ety of tasks and roles that police officers perform differ 
from those of military personnel, so the body armour 
should not be considered interchangeable between the 
occupations (Orr, Schram, and Pope 2018). Work is needed 
to identify and evaluate current evidence on the impact 
of police specific PPE on functional performance and sub-
jective comfort during tasks related to police activities. As 
such, the aim of this scoping review was to identify the 
existing research-based evidence on the comfort and 
functional performance of police specific protective 
equipment.

Method

Protocol

This systematic scoping review was conducted follow-
ing the five-stage framework developed by Arksey and 
O’Malley (2005), which consist of (1) identifying the 
research question, (2) identifying relevant studies, (3) 
study selection, (4) charting data, and (5) collating, sum-
marising and reporting the results. The review is also 
reported in accordance with the Preferred Reporting for 

Systematic Reviews and Meta-Analysis extension for 
Scoping Reviews (PRISMA-ScR) (Tricco et  al. 2018).

Stage 1: Identifying the research question

The aim of this review was to identify existing research 
on the comfort and functional performance of police 
officers wearing PPE. This broad aim was determined 
through discussion amongst the research team and 
was guided by the following questions:

1. How do police officers perceive the suitability 
of their PPE?

2. What is known about the impact of police spe-
cific PPE on occupational performance?

Stage 2: Identifying relevant studies

Search strategy
Literature searches were conducted in the electronic 
databases of PubMed, EbscoCINAHL, Scopus, and Web 
of Science. All searches were conducted in July 2022 
and repeated for records published after this date in 
March 2023. The repeated search was only conducted 
in PubMed, EbscoCINAHL, and Scopus due to access 
restriction to Web of Science. The search terms (‘body 
armour’ OR ‘protective equipment’ OR ‘personal protec-
tive equipment’) AND (‘police’ OR ‘police officer’ OR 
‘riot police’ OR ‘law enforcement’ OR ‘prison officer’ OR 
‘prison guard’ OR ‘security service’) were used in each 
database. Searches were conducted by a single author 
(SH) and were saved in Rayyan reference manager 
software (http://rayyan.qcri.org) for all members of the 
research team to review.

Stage 3: Study selection

Eligibility criteria
Duplicate articles were removed, and the titles and 
abstracts of the remaining articles were screened for rele-
vance by one reviewer (SH). The full texts of the remain-
ing articles were then examined using the following 
eligibility criteria: (1) original article written in English; (2) 
abstracts available for screening; (3) included a form of 
protective body worn equipment used by police officer 
personnel; (4) investigated the effects of protective equip-
ment on physical performance, cognitive performance, 
occupationally relevant tasks, subjective perceptions of 
comfort, mobility, balance, or movement biomechanics.

Articles were excluded from the review if they: (1) 
could be classified as grey literature (such as theses and 
dissertations - conference proceedings were included if 
sufficient detail); (2) took the form of a review article; (3) 

http://rayyan.qcri.org
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did not include body worn protective equipment as an 
independent variable; (4) focused on testing protective 
equipment used in chemical, biological, nuclear, or 
high-yield explosive environments; (5) did not include 
human participants; (6) focused on material properties; (7) 
only investigated auditory or respiratory protection.

Stage 4: Charting the data

The general characteristics (i.e. year of publication, geog-
raphy, sample size, and cohort), type of personal protec-
tive equipment investigated, study protocol, variables 
measured, and the main findings were extracted from the 
selected articles and tabulated. This task was completed 
by all five authors (SH, KO, JB, LM, LR). Studies were cate-
gorised into overarching research topics, determined by 
their aims and outcome measures. This enabled major 
themes and gaps in the literature to be identified.

Stage 5: Collating, summarising, and reporting 
the results

The general characteristics of the included studies were 
summarised to provide an overview of the number of 
studies, year of publication, geography, and the types of 
PPE. The descriptive characteristics were summarised in 
tables to provide an overview of the evidence. This anal-
ysis allowed major themes and gaps in the literature to 
be identified. These themes were physiology (e.g. meta-
bolic energy expenditure), thermophysiological perfor-
mance, occupational task performance (e.g. sprint speed, 
jump height, entering and exiting a vehicle), biomechan-
ics and mobility, and subjective perceptions.

Results

Search and selection

The PRISMA flow chart for detailing the search and selec-
tion procedures is shown in Figure 1. The searches identi-
fied a total of 683 articles. Following the removal of 
duplicates (n = 284), the titles and abstracts of 399 articles 
were screened and 266 articles were excluded for not 
being relevant to the scoping review. The full texts of the 
remaining 132 articles were then screened using the eligi-
bility criteria and 35 were included in the review.

Characteristics of the included studies

A total of 8,089 individuals participated in the 35 stud-
ies, although 6,818 of those were from two studies 
(Malbon et  al. 2020, Larsen et  al. 2018). The majority of 
studies described their participants as police officers 

(n = 27). Two studies described participants as univer-
sity students/staff, two studies described participants 
as civilians and four studies did not describe the par-
ticipants’ background. There has been a considerable 
increase in research on personal protective equipment 
for police officers in the last decade, with 94% (33 out 
of 35) of studies being published since 2010. Studies 
were identified from nine countries: Australia (n = 9), 
USA (n = 8), UK (n = 4), Sweden (n = 4), Brazil (n = 3), 
germany (n = 3), New Zealand (n = 2), and Canada 
(n = 1). Eight studies described participants as wearing 
full police officer uniforms, four of which studied riot 
or special weapons police uniforms. Of the twenty-seven 
studies that investigated specific items of equipment 
only, twenty-five studies included torso protection (e.g. 
protective vests/body armour) (71% of all studies 
included in the review), ten studies included duty 
belts (29%), two included upper arm protection (6%), 
and one included helmets (3%).

Organisation of data

The identified studies included data on physiology 
(e.g. metabolic energy expenditure) (n = 7) and ther-
mophysiological performance (n = 5), occupational task 
performance (e.g. sprint speed, jump height, entering 
and exiting a vehicle) (n = 12), biomechanics and 
mobility (n = 13), and subjective perceptions (n = 13). 
Seven studies included data for multiple topics. These 
topics were classified by the lead researcher and 
agreed by the research team.

Physiology and thermophysiology

The protective equipment worn by police officers was 
found to increase heart rate in five of the studies 
included in this review (Dempsey, Handcock, and 
Rehrer 2013, Dempsey, Handcock, and Rehrer 2014, 
Divencenzo et  al. 2014, Ehnes et  al. 2020, Roberts and 
Cole 2013) and metabolic energy expenditure, mea-
sured as estimated VO2 over a 1.5 mile run (Divencenzo 
et  al. 2014) and %VO2max during a 5 minute run 
(Dempsey, Handcock, and Rehrer 2013, Dempsey, 
Handcock, and Rehrer 2014) (Table 1). Training status 
has been shown to effect %VO2max when wearing PPE, 
with Zwingmann et  al. (2021b) reporting a significantly 
lower %VO2max at volitional exhaustion for endurance 
and strength trained individuals compared to untrained 
individuals during a graded running test.

Heavy full body protective equipment (20.9 kg) has 
been shown to increase core body temperature com-
pared to wearing no protection during exhaustive 
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running exercise (Zwingmann et  al. 2021a). However, 
there appears to be no difference in core body tem-
perature between PPE and non-PPE conditions with 
lighter protection (~3kg) during lower intensity activ-
ities such as walking for 120 minutes (Pyke, Costello, 
and Stewart 2015) or jogging on the spot for up to 
5 minutes (Roberts and Cole 2013). There also appears 
to be negligible heat strain (core body temperature 
and heart rate) for police officers working in armoured 
vehicles when wearing protective equipment in 
sub-tropical climates (Stewart and Hunt 2011). The 
incorporation of an ambient air induction systems 
into light (~3kg) police body armour might decrease 

heat strain in hot environments (WBgT ≥ 30 °C) 
through lower core body temperature (Ryan 
et  al. 2014).

Occupationally relevant task performance

Table 2 shows the studies that included measures of 
occupationally relevant task performance. Vertical 
jump height was found to decrease from unloaded tri-
als in two studies, with police officer PPE weighing 
8.1–8.3 kg (Marins et  al. 2020a) and 16 kg (Zedler and 
goldmann 2022). However, Orr, Schram, and Pope 

Figure 1. PrismA flow diagram of the search and study selection process.
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t 

to
 v

ol
iti

on
al

 e
xh

au
st

io
n.

 W
al

ki
ng

 a
t 

5.
6 

km
/h

 w
ith

 2
%

 g
ra

de
 in

cr
ea

se
s 

ev
er

y 
2 

m
in

s. 
Th

e 
st

ag
e 

at
 4

%
 

gr
ad

e 
w

as
 e

xt
en

de
d 

to
 6

 m
in

s 
to

 
al

lo
w

 m
ea

su
re

m
en

t 
of

 s
te

ad
y 

st
at

e.
Pa

rt
 2

: A
 p

ur
su

it 
an

d 
re

st
ra

in
t 

ci
rc

ui
t 

to
 s

im
ul

at
e 

po
lic

e 
offi

ce
rs

 c
ha

sin
g 

an
d 

ap
pr

eh
en

di
ng

 a
 s

us
pe

ct
.

Pa
rt

 1
:

Hr
; V

o
2; 

V E; 
in

sp
ira

to
ry

 
ca

pa
ci

ty
.

Pa
rt

 2
:

Hr
.

Pa
rt

 1
:

• 
H

ig
he

r 
Vo

2, 
V E, 

an
d 

Hr
 in

 P
D

E 
co

m
pa

re
d 

to
 2

) 
in

 t
he

 s
te

ad
y 

st
at

e 
tr

ia
l.

• 
n

o 
di

ffe
re

nc
e 

in
 p

ea
k 

ab
so

lu
te

 V
o

2 
be

tw
ee

n 
1)

 a
nd

 2
) 

fo
r 

pe
ak

 p
hy

sio
lo

gi
ca

l 
re

sp
on

se
 (

in
 e

xh
au

st
io

n 
st

ag
e 

of
 t

ria
l).

• 
n

o 
di

ffe
re

nc
e 

in
 V

E 
be

tw
ee

n 
1)

 a
nd

 2
) 

fo
r 

pe
ak

 r
es

po
ns

e.
Pa

rt
 2

:
• 

n
o 

sig
ni

fic
an

t 
di

ffe
re

nc
e 

in
 H

r 
or

 
pe

rc
ei

ve
d 

ex
er

tio
n 

be
tw

ee
n 

PP
E 

co
nd

iti
on

s.
m

ar
in

s 
et

 a
l. 

(2
02

0)
13

 m
al

es
.

Ag
e:

 3
6.

8 
± 

3.
7 

ye
ar

s; 
he

ig
ht

: 1
.8

0 
± 

0.
06

 m
; 

bo
dy

 m
as

s: 
89

.0
 ±

 1
0.

7 
kg

.
Fe

de
ra

l H
ig

hw
ay

 P
ol

ic
em

en
.

1.
 s

ta
nd

ar
d 

op
er

at
in

g 
un

ifo
rm

 o
f 

th
e 

D
ep

ar
tm

en
t 

of
 F

ed
er

al
 

H
ig

hw
ay

s 
Po

lic
e 

(D
FH

P)
 (

Br
az

il)
 

w
ith

 a
 lo

ng
 g

un
 (

ad
di

tio
na

l l
oa

d 
= 

5.
2 

kg
).

2.
 s

ta
nd

ar
d 

eq
ui

pm
en

t 
pl

us
 t

he
 

“n
or

m
al

” 
PP

E 
pr

ov
id

ed
 b

y 
th

e 
D

FH
P 

(b
od

y 
ar

m
ou

r, 
ta

ct
ic

al
 b

el
t, 

ac
ce

ss
or

ie
s, 

an
d 

tr
ai

ni
ng

 g
un

) 
- 

to
ta

l m
as

s 
of

 b
et

w
ee

n 
11

.8
 

an
d 

12
.0

 kg
 (

de
pe

nd
in

g 
on

 v
es

t 
siz

e)
.

Th
e 

o
cc

up
at

io
na

l P
hy

sic
al

 A
ct

iv
ity

 T
es

t 
(7

 t
as

ks
):

• 
D

ise
m

ba
rk

 f
ro

m
 a

 c
ar

 a
nd

 s
pr

in
t 

w
ith

 a
 g

un
• 

Pr
og

re
ss

io
n 

be
tw

ee
n 

ba
rr

ic
ad

es
 

w
ith

 lo
ng

 w
ea

po
n

• 
Ve

rt
ic

al
 ju

m
p 

ov
er

 b
ar

rie
r

• 
Lo

ng
 ju

m
p

• 
D

um
m

y 
dr

ag
• 

co
lle

ct
 a

nd
 lo

ad
 c

on
es

 (
ag

ili
ty

)
• 

Ve
hi

cl
e 

pu
sh

Hr
; H

rV
; B

lo
od

 
la

ct
at

e.
• 

n
o 

di
ffe

re
nc

e 
in

 H
rm

ax
 o

r 
Hr

V 
be

tw
ee

n 
co

nd
iti

on
s 

du
rin

g 
th

e 
oc

cu
pa

tio
na

l t
as

ks
.

• 
in

cr
ea

se
d 

bl
oo

d 
la

ct
at

e 
im

m
ed

ia
te

ly
 

af
te

r 
th

e 
oc

cu
pa

tio
na

l t
as

ks
 in

 2
) 

co
m

pa
re

d 
to

 1
).

m
ar

in
s 

et
 a

l. 
(2

02
0)

19
 m

al
es

.
Ag

e:
 3

8.
5 

± 
4.

1 
ye

ar
s; 

he
ig

ht
: 1

.7
8 

± 
0.

07
 m

; 
bo

dy
 m

as
s: 

87
.2

 ±
 1

1.
3 

kg
.

Fe
de

ra
l H

ig
hw

ay
 P

ol
ic

em
en

 (
m

ea
n 

se
rv

ic
e 

tim
e 

= 
10

.1
 y

ea
rs

).

1.
 s

ta
nd

ar
d 

op
er

at
in

g 
un

ifo
rm

 o
f 

th
e 

D
ep

ar
tm

en
t 

of
 F

ed
er

al
 

H
ig

hw
ay

s 
Po

lic
e 

(D
FH

P)
 

(a
dd

iti
on

al
 lo

ad
 =

 1
.5

 kg
).

2.
 s

ta
nd

ar
d 

eq
ui

pm
en

t 
pl

us
 t

he
 

“n
or

m
al

” 
PP

E 
pr

ov
id

ed
 b

y 
th

e 
D

FH
P 

(b
od

y 
ar

m
ou

r, 
ta

ct
ic

al
 b

el
t, 

ac
ce

ss
or

ie
s, 

an
d 

tr
ai

ni
ng

 g
un

) 
- 

to
ta

l m
as

s 
be

tw
ee

n 
8.

1 
an

d 
8.

3 
kg

 (
de

pe
nd

in
g 

on
 v

es
t 

siz
e)

.

m
ax

im
al

 P
ro

gr
es

siv
e 

Te
st

 (
m

PT
) 

– 
gr

ad
ed

 t
re

ad
m

ill
 e

xe
rc

ise
 t

es
t 

to
 

vo
lit

io
na

l e
xh

au
st

io
n 

(s
ta

rt
ed

 a
t 

8 
km

/h
 a

t 
1%

 g
ra

di
en

t 
an

d 
in

cr
ea

se
d 

by
 1

 km
/h

 e
ve

ry
 2

 m
in

s 
un

til
 e

xh
au

st
io

n)
.

Hr
; V

o
2; 

Bl
oo

d 
la

ct
at

e;
 r

Er
.

• 
in

cr
ea

se
 in

 H
rm

ax
 in

 2
) 

(1
85

 ±
 8

 
b/

m
in

) 
co

m
pa

re
d 

to
 1

) 
(1

88
 ±

 8
 b

/m
in

) 
du

rin
g 

th
e 

m
PT

.
• 

n
o 

di
ffe

re
nc

e 
in

 b
lo

od
 la

ct
at

e 
be

tw
ee

n 
co

nd
iti

on
s.

• 
n

o 
di

ffe
re

nc
e 

in
 V

o
2 

or
 r

Er
 

be
tw

ee
n 

co
nd

iti
on

s.

(C
on
tin
ue
d)
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st
ud

y
Pa

rt
ic

ip
an

ts
Pe

rs
on

al
 p

ro
te

ct
iv

e 
eq

ui
pm

en
t 

co
nd

iti
on

m
et

ho
d/

Pr
ot

oc
ol

m
ea

su
re

m
en

ts
Ke

y 
fin

di
ng

s

Py
ke

, c
os

te
llo

, a
nd

 
st

ew
ar

t 
(2

01
5)

8 
m

al
es

.
Ag

e:
 2

6 
± 

6 
ye

ar
s; 

he
ig

ht
: 1

.7
 ±

 0
.0

6 
m

; b
od

y 
m

as
s: 

76
 ±

 6
 kg

.

1.
 T

ac
tic

al
 t

ro
us

er
s 

an
d 

ut
ili

ty
 b

el
t.

2.
 c

on
tr

ol
 c

on
di

tio
n 

pl
us

 b
od

y 
ar

m
ou

r 
(m

as
s 

= 
2.

97
7 

kg
).

3.
 c

on
tr

ol
 c

on
di

tio
n 

pl
us

 c
ov

er
t 

bo
dy

 a
rm

ou
r 

(m
as

s 
= 

2.
57

1 
kg

)

12
0 

m
in

s 
tr

ea
dm

ill
 w

al
ki

ng
 a

t 
4.

7 
km

/h
 in

 a
n 

en
vi

ro
nm

en
ta

l 
ch

am
be

r 
(3

1 
°c

, 6
0%

 r
el

at
iv

e 
hu

m
id

ity
).

Hr
; c

or
e 

bo
dy

 
te

m
p;

 s
ki

n 
te

m
p;

 B
od

y 
m

as
s; 

Th
er

m
al

 
co

m
fo

rt
; T

he
rm

al
 

se
ns

at
io

n.

• 
n

o 
di

ffe
re

nc
e 

in
 c

or
e 

te
m

pe
ra

tu
re

, H
r,

 
an

d 
sk

in
 t

em
pe

ra
tu

re
 b

et
w

ee
n 

co
nd

iti
on

s.
• 

3)
 p

ro
du

ce
d 

a 
gr

ea
te

r 
am

ou
nt

 o
f 

bo
dy

 
m

as
s 

ch
an

ge
 c

om
pa

re
d 

to
 1

) 
an

d 
2)

.
• 

n
o 

sig
ni

fic
an

t 
di

ffe
re

nc
e 

in
 t

he
rm

al
 

co
m

fo
rt

 o
r 

th
er

m
al

 s
en

sa
tio

n 
be

tw
ee

n 
co

nd
iti

on
s.

ro
be

rt
s 

an
d 

co
le

 
(2

01
3)

st
ud

y 
1:

40
 m

al
es

.
Ag

e:
 2

0.
8 

± 
1.

7 
ye

ar
s 

sD
).

Un
de

rg
ra

du
at

e 
st

ud
en

ts
.

st
ud

y 
2:

20
 p

ar
tic

ip
an

ts
.

Ag
e:

 2
6.

6 
± 

6.
2 

ye
ar

s.
Un

iv
er

sit
y 

st
aff

 a
nd

 m
em

be
rs

 o
f 

th
e 

un
iv

er
sit

y 
gy

m
 f

ac
ili

ty
.

1.
 B

od
y 

ar
m

ou
r 

ve
st

 (
s2

03
 T

ac
tic

al
 

Ve
st

) 
an

d 
he

lm
et

 (
PA

gs
T)

.
2.

 n
o 

ar
m

ou
r 

or
 h

el
m

et

st
ud

y 
1 

& 
2

Fo
ur

 c
on

di
tio

ns
:

• 
Br

ie
f 

ex
er

ci
se

 (
1 

m
in

 jo
g 

on
 s

po
t).

• 
Br

ie
f 

ex
er

ci
se

 w
ea

rin
g 

bo
dy

 
ar

m
ou

r.
• 

Ex
te

nd
ed

 e
xe

rc
ise

 (
st

ud
y 

1:
 5

 m
in

 
jo

g 
an

d 
sp

rin
tin

g;
 s

tu
dy

 2
: 4

 m
in

 
jo

gg
in

g 
an

d 
sp

rin
tin

g)
.

• 
Ex

te
nd

ed
 e

xe
rc

ise
 w

ea
rin

g 
bo

dy
 

ar
m

ou
r.

Hr
; c

or
e 

bo
dy

 
te

m
p.

st
ud

y 
1 

& 
2:

• 
Hr

 in
cr

ea
se

d 
in

 1
) 

co
m

pa
re

d 
to

 2
)

• 
n

o 
di

ffe
re

nc
e 

in
 c

or
e 

bo
dy

 t
em

p 
be

tw
ee

n 
PP

E 
co

nd
iti

on
s.

ry
an

 e
t 

al
. (

20
14

)
9 

m
al

es
.

Ag
e:

 2
7 

± 
4 

ye
ar

s; 
he

ig
ht

 1
.8

0 
± 

0.
07

 m
; b

od
y 

m
as

s: 
79

.8
 ±

 1
2.

1 
kg

.

1.
 n

on
 m

od
ifi

ed
 p

ol
ic

e 
st

an
da

rd
 

iss
ue

 b
od

y 
ar

m
ou

r 
(~

3 
kg

).
2.

 m
od

ifi
ed

 s
ta

nd
ar

d 
iss

ue
 b

od
y 

ar
m

ou
r 

w
ith

 a
 c

us
to

m
-b

ui
lt 

am
bi

en
t 

ai
r 

in
du

ct
io

n 
sy

st
em

.

re
pe

at
ed

 c
yc

le
s 

of
 1

2 
m

in
 w

al
ki

ng
 

an
d 

3 
m

in
 o

f 
ar

m
 c

ur
ls 

(1
4.

3 
kg

), 
w

ith
 5

 m
in

 r
es

t 
af

te
r 

ev
er

y 
ot

he
r 

cy
cl

e,
 f

or
 a

 t
ot

al
 o

f 
60

 m
in

ut
es

.
W

Bg
T 

= 
30

 °c
.

Hr
; c

or
e 

bo
dy

 
te

m
p;

 T
he

rm
al

 
co

m
fo

rt
.

• 
n

o 
di

ffe
re

nc
e 

in
 h

ea
rt

 r
at

e 
be

tw
ee

n 
co

nd
iti

on
s 

1)
 a

nd
 2

).
• 

n
o 

di
ffe

re
nc

e 
in

 c
or

e 
bo

dy
 t

em
pe

ra
tu

re
 

be
tw

ee
n 

co
nd

iti
on

s 
1)

 a
nd

 2
) 

at
 t

he
 e

nd
 

of
 t

he
 w

or
k 

bo
ut

.
• 

co
re

 b
od

y 
te

m
pe

ra
tu

re
 in

cr
ea

se
d 

at
 a

 
qu

ic
ke

r 
ra

te
 in

 1
) 

co
m

pa
re

d 
to

 2
).

• 
n

o 
sig

ni
fic

an
t 

di
ffe

re
nc

es
 in

 t
he

rm
al

 
co

m
fo

rt
 b

et
w

ee
n 

co
nd

iti
on

s, 
al

th
ou

gh
 

co
m

fo
rt

 s
co

re
s 

in
 2

) 
ap

pr
oa

ch
ed

 b
ei

ng
 

sig
ni

fic
an

tly
 lo

w
er

 t
ha

n 
1)

 a
t 

45
 a

nd
 6

0 
m

in
s.

st
ew

ar
t 

an
d 

Hu
nt

 
(2

01
1)

12
 m

al
es

.
Ag

e:
 4

1 
± 

7.
9 

ye
ar

s; 
he

ig
ht

 1
.8

5 
± 

0.
05

 m
; 

bo
dy

 m
as

s: 
10

7 
± 

21
.3

 kg
.

Ar
m

ou
re

d 
Ve

hi
cl

e 
o

ffi
ce

rs
 (

AV
o

).

1.
 n

or
m

al
 u

ni
fo

rm
 a

nd
 p

er
so

na
l 

bo
dy

 a
rm

ou
r.

sh
ift

 w
or

k 
la

st
in

g 
7.

76
 ±

 0
.8

 h
ou

rs
 w

ith
 

27
.9

 ±
 3

.4
 w

or
k 

ta
sk

s 
be

in
g 

pe
rfo

rm
ed

 
th

at
 la

st
ed

 8
.6

 ±
 1

.8
 m

in
s. 

Th
is 

to
ta

lle
d 

50
.1

 ±
 6

.8
%

 o
f 

th
e 

sh
ift

 p
er

fo
rm

in
g 

ta
sk

s 
ou

ts
id

e 
of

 a
n 

ai
r-

co
nd

iti
on

ed
 

ve
hi

cl
e.

co
re

 b
od

y 
te

m
p;

 
Ur

in
e 

sp
ec

ifi
c 

gr
av

ity
;

se
lf-

re
po

rt
ed

 h
ea

t 
ill

ne
ss

.

• 
D

ur
in

g 
th

e 
sh

ift
, c

or
e 

bo
dy

 t
em

pe
ra

tu
re

 
in

cr
ea

se
d 

0.
8 

± 
0.

2 
°c

• 
n

o 
ch

an
ge

 p
re

, m
id

 a
nd

 p
os

t 
sh

ift
 in

 
ur

in
ar

y 
sp

ec
ifi

c 
gr

av
ity

; a
 v

ar
ie

ty
 o

f 
flu

id
 

co
ns

um
ed

 2
.1

 ±
 0

.8
 L

• 
9 

AV
o

s 
re

po
rt

ed
 b

et
w

ee
n 

1–
8 

he
at

 
ill

ne
ss

 s
ym

pt
om

s 
th

at
 w

er
e 

ex
pe

rie
nc

ed
.

Zw
in

gm
an

n 
et

 a
l. 

(2
02

1)
45

 p
ar

tic
ip

an
ts

.
Ag

e:
 2

5 
± 

4 
ye

ar
s; 

he
ig

ht
: 1

.8
1 

± 
0.

07
 cm

; 
bo

dy
 m

as
s: 

82
 ±

 1
2 

kg
.

1.
 P

PE
 w

or
n 

by
 r

io
t 

po
lic

e 
(2

0.
9 

kg
).

2.
 E

xe
rc

ise
 c

lo
th

in
g.

gr
ad

ed
 e

xe
rc

ise
 t

es
t 

to
 v

ol
iti

on
al

 
ex

ha
us

tio
n.

sw
ea

t 
ra

te
; c

or
e 

bo
dy

 t
em

p;
 E

E.
• 

sw
ea

t 
ra

te
 w

as
 9

1%
 h

ig
he

r 
in

 1
) t

ha
n 

in
 2

).
• 

Bo
dy

 t
em

pe
ra

tu
re

 w
as

 h
ig

he
r 

in
 1

) 
du

rin
g 

su
bm

ax
im

al
 a

nd
 m

ax
im

al
 e

xe
rc

ise
 

in
te

ns
ity

.
• 

1)
 in

cr
ea

se
d 

EE
 b

y 
34

%
 a

nd
 3

7%
 a

t 
5.

8 
an

d 
6.

5 
km

/h
, r

es
pe

ct
iv

el
y.

*H
r 

= 
He

ar
t 

ra
te

; E
E =

 En
er

gy
 e

xp
en

di
tu

re
; V

o
2 

= 
o

xy
ge

n 
co

ns
um

pt
io

n;
 V

E 
= 

m
in

ut
e 

ve
nt

ila
tio

n;
 r

Er
 =

 r
es

pi
ra

to
ry

 e
xc

ha
ng

e 
ra

tio
; W

gB
T =

 w
et

 b
ul

b 
gl

ob
e 

te
m

pe
ra

tu
re

; H
rV

 =
 H

ea
rt

 r
at

e 
Va

ria
bi

lit
y.

Ta
bl

e 
1.

 c
on

tin
ue

d.
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Ta
bl

e 
2.

 s
tu

di
es

 t
ha

t 
ha

ve
 in

ve
st

ig
at

in
g 

th
e 

eff
ec

t 
of

 p
ol

ic
e 

PP
E 

on
 o

cc
up

at
io

na
l t

as
k 

pe
rfo

rm
an

ce
.

st
ud

y
Pa

rt
ic

ip
an

ts
Pe

rs
on

al
 P

ro
te

ct
iv

e 
Eq

ui
pm

en
t 

co
nd
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(2018) found no difference in jump height between 
military protective body armour weighing 6.4 kg and 
law enforcement body armour weighing 2.1 kg. 
Different types of police office body armour (mass 
ranging from 2.9–5.5 kg) have also been shown to 
have no effect on jump height (Schram et  al. 2019). 
Sprint performance (Schram et  al. 2019, Orr, Schram, 
and Pope 2018) and vehicle exit acceleration (Schram 
et  al. 2018b) has also been shown to not differ 
between different types of body armour with weight 
differences ≤ 4 kg. However, body armour compared to 
no armour appears to reduce acceleration performance 
in simulated vehicle exiting tasks (Dempsey, Handcock, 
and Rehrer 2013). Agility appears to decrease with PPE 
compared to not wearing PPE with slower changes of 
direction (Orr et  al. 2019, Marins et  al. 2020a). In line 
with this, occupational ability course and work simula-
tion performance completion times are increased with 
PPE (Thomas et  al. 2018, Marins et  al. 2020a, Dempsey, 
Handcock, and Rehrer 2013, Ehnes et  al. 2020). Time to 
exhaustion during graded exercise tests also appears 
to decrease when wearing police officer PPE 
((Zwingmann, Below, et  al., 2021; Zwingmann, 
Hoppstock, et  al., 2021). Studies have shown no effect 
of police PPE on marksmanship (Thomas et  al. 2018, 
Schram et  al. 2018b).

Biomechanics and mobility

Studies that have included biomechanics and mobility 
measures are shown in Table 3. Joint specific range of 
motion appears to generally decrease with PPE 
(Blackledge et al. 2009, Larsen, Tranberg, and Ramstrand 
2016, Schram et  al. 2020). Both the design and weight 
of PPE appear to restrict range of motion with 
Blackledge et  al. (2009) demonstrating reduced shoul-
der and thorax rotation with external body armour 
compared to concealed body armour, with the exter-
nal armour being heavier and having additional shoul-
der protection. Restricted shoulder mobility has also 
been reported with light police body armour vests 
compared to no PPE (Schram et  al. 2020). Functional 
Movement Screen (FMS) Scores appear to be decreased 
(reduced movement ability) with military body armour 
compared to police armour (Orr, Schram, and Pope 
2018) and Schram et  al. (2020) reported no difference 
in total FMS scores between different designs of light 
police body armour vests (3.24 − 4.12 kg) compared to 
wearing no armour. FMS scores do appear to decrease 
when police officers carry all protective equipment on 
a duty belt compared to distributing some of the 
equipment to a vest, although the vests were shown 

to inhibit squat, hurdle, lung and shoulder movement 
(Jewett et  al. 2023). Mobility task performance (bal-
ance task, acceleration task, chin-ups, grapple task) 
with body armour is decreased from 13–42%, with fur-
ther decreases in the performance of these mobility 
tasks following 5 minutes of running (Dempsey, 
Handcock, and Rehrer 2013). Increasing the mass of 
the body armour increases ground reaction forces 
(Dempsey, Handcock, and Rehrer 2014) and joint 
moments at the ankle (Larsen, Tranberg, and Ramstrand 
2016). Balance is impacted by the distribution of mass 
with an uneven distribution of equipment around the 
body negatively effecting static and dynamic balance 
(Orr, Schram, and Pope 2018).

Comfort and subjective perceptions

Most studies reported an increase in ratings of per-
ceived exertion (RPE) with PPE (Zwingmann et  al. 
2021b, Dempsey, Handcock, and Rehrer 2013, Dempsey, 
Handcock, and Rehrer 2014, Ehnes et  al. 2020), but 
this is not a unanimous finding (Divencenzo et  al. 
2014, Marins et  al. 2020a) (Table 4). Divencenzo et  al. 
(2014) reported no difference in RPE, measured using 
a Borg Scale (6–20 points), between PPE and no-PPE 
during steady-state walking, jogging, and stepping 
activities. However, they did find significantly increased 
session RPE with PPE, measured using an OMNI scale 
(0–10 points) following all three exercise modes. The 
inclusion of an airflow induction system into body 
armour might reduce RPE in hot environments (Ryan 
et  al. 2014). The majority of studies measuring comfort 
have used some form of visual analogue scale 
(Divencenzo et al. 2014, Schram et al. 2018a, Ramstrand 
et  al. 2016, Larsen, Ramstrand, and Tranberg 2019) 
and/or survey methods (Larsen, Ramstrand, and 
Tranberg 2019, Larsen et  al. 2018, Ramstrand et  al. 
2016, Malbon et  al. 2020, Niemczyk, Arnold, and Wang 
2020). Increased discomfort (Malbon et  al. 2020, 
Malbon et  al. 2022, Divencenzo et  al. 2014, Ramstrand 
et  al. 2016, Schram et  al. 2018a) and pain (Larsen et  al. 
2018) have been commonly reported for the areas of 
the body that police PPE is worn. However, the body 
armour used by police officers has been reported as 
being more comfortable than military body armour 
(Orr, Schram, and Pope 2018). For female officers, the 
comfort of unisex body armour vests has been 
reported to be lower for those with larger breasts 
(Niemczyk, Arnold, and Wang 2020), and sports bras 
have been rated as more comfortable under female 
specific PPE vests than underwired bra’s, with the type 
of bra worn underneath PPE suggested to be more 
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ra
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important to comfort than cup size or bust promi-
nence (Malbon et  al. 2022).

Thermal comfort and thermal sensation appear to 
be similar between different types of lightweight body 
armour (~2.5–3 kg) and wearing no body armour when 
walking in hot and humid environments (31 °C, 60% 
relative humidity) for up to 120 minutes (Pyke, Costello, 
and Stewart 2015) (Table 1). Ryan et  al. (2014) also 
reported no significant difference in thermal comfort 
with the addition of an ambient air induction systems 
into light (~3kg) police body armour compared to 
standard issue light armour during 60 minutes of exer-
cise in hot environments (WBgT ≥ 30 °C). However, 
Ryan et  al. (2014) did show that thermal comfort was 
close to being significantly lower with the air induc-
tion system after 45 and 60 minutes of exercise.

Discussion

The aim of this scoping review was to identify and 
examine the existing evidence on the comfort and 
functional performance of individuals while wearing 
police specific protective equipment. Thirty-five studies 
were included in the review and four major themes 
were identified. These were physiological and thermo-
physiological responses, occupational task perfor-
mance, biomechanics and mobility, and subjective 
perceptions.

Physiological and thermophysiological responses

Heart rate and VO2 were the most commonly assessed 
physiological variables, with several studies reporting 
an increase in heart rate and VO2 when wearing PPE 
compared to exercise clothing (Dempsey, Handcock, 
and Rehrer 2013, Dempsey, Handcock, and Rehrer 
2014, Divencenzo et  al. 2014, Ehnes et  al. 2020). This is 
not surprising as PPE adds load to the body, which 
has been consistently shown to increase heart rate 
and energy expenditure during submaximal exercise in 
the wider load carriage literature (e.g. Simpson, Munro, 
and Steele 2011, Hinde et  al. 2017). The mass and 
placement of additional load has been shown to 
impact energy expenditure, with loads carried close to 
the body’s centre of mass resulting in a rise of approx-
imately 1% per 1 kg of additional mass when walking 
(Quesada et  al. 2000, Lloyd and Cooke 2000b, Hinde 
et  al. 2017), and greater energetic costs when carrying 
loads further from the body’s centre of mass, such as 
in the hands (Soule and goldman 1969, Kamon and 
Belding 1971) or on the feet (Soule and goldman 
1969, Browning et  al. 2007). The majority of research 
exploring the physiological responses to police 



ERgONOMICS 15

protective equipment have focused on torso, waist or 
full body PPE (Table 1). Zwingmann et  al. (2021a) 
found that full body riot police PPE, which includes 
additional load carried near the centre of mass and on 
the extremities (helmet, ballistic vest, duty belt, fore-
arm, knee and shin protectors, and combat boots), 
results in a greater than proportional increase in 
energy expenditure, with increases in energy expendi-
ture of 34% and 37% when carrying 20.9 kg of PPE at 
speeds of 5.8 and 6.5 km/h, respectively. This is unsur-
prising given that adding 8 kg to the thigh, shin, and 
foot has been shown to increase metabolic rate by 
14%, 9% and 48%, respectively, above the metabolic 
rate required to carry 8 kg on the waist (Browning 
et  al. 2007). It is likely that adding mass to protect the 
legs (such as knee and shin protectors, and combat 
boots) increases the moment of inertia during leg 
swing, requiring a greater metabolic cost to swing the 
legs when walking (Browning et  al. 2007). To date, no 
studies have investigated the individual effect of police 
PPE for the extremities (e.g. helmets, boots, lower limb 
protection) on the metabolic cost of performing activ-
ities. In contrast to the rest of the police PPE literature, 
Marins et  al. (2020b) reported no difference in VO2 or 
heart rate between protective equipment (protective 
vest and duty belt weighing ~8–12 kg) and ordinary 
station wear (weighing ~1.5 kg) during a graded exer-
cise test. The authors attributed this to the placement 
of the additional load, which was carried around the 
waist and on the upper thigh.

There appears to be a mass dependent effect of 
protective equipment on heat strain, with heavy pro-
tection (~20 kg) increasing body temperature and 
sweat rates (Zwingmann et  al. 2021a), but there also 
appears to be no effect on these thermophysiological 
variables with lighter protection (~3 kg) (Pyke, Costello, 
and Stewart 2015, Roberts and Cole 2013), which is 
more representative of standard issue police uniforms. 
As such, certain forms of police officer, such as tacti-
cal police who tend to wear heavier protective equip-
ment (Thomas et  al. 2018, Zwingmann et  al. 2021a), 
are more susceptible to heat strain and might benefit 
from the development of body armour systems that 
include air induction systems, which have been shown 
to slightly reduce the rate that core body temperature 
increases when exercising in hot environments with 
body armour (Ryan et  al. 2014).

Occupational task performance, biomechanics and 
mobility

A wide range of activities have been investigated to 
assess occupational task performance with PPE (Table 

2). This is indicative of the wide range of roles and 
activities that police officers are required to perform, 
from victim drags and chasing suspects (Schram et  al. 
2018b, Marins et  al. 2020b), to stair climbing (Lowe 
et  al. 2016) and marksmanship (Thomas et  al. 2018, 
Schram et  al. 2018b). Overall, wearing protective 
equipment has been shown to reduce functional per-
formance (Marins et  al. 2020a, Zedler and goldmann 
2022) and mobility (Dempsey, Handcock, and Rehrer 
2013, Blackledge et  al. 2009, Larsen, Tranberg, and 
Ramstrand 2016) compared to not wearing any protec-
tion, but this appears to be dependent on the mass of 
the additional external load for some tasks, with little 
difference in the performance of jumping and linear 
sprinting activities between different types of protec-
tive equipment that differ in mass up to 4 kg (Orr, 
Schram, and Pope 2018, Schram et  al. 2018b). As such, 
wearing armour with increased protection (e.g. 
bullet-resistant vest vs. stab resistant vest), which is 
usually heavier, might not have a negative impact on 
these activities. However, increasing body armour mass 
by ~4 kg has been shown to reduce performance in 
agility tests (Orr et  al. 2019), which is in line with pre-
vious research demonstrating a reduction in agility 
with an increase in load carriage mass across tactical 
occupations (military and fire service) (Joseph 
et  al. 2018).

Few studies have investigated the kinematics and 
kinetics associated with police officer specific protec-
tive equipment. Dempsey, Handcock, and Rehrer 
(2014) are the only authors to report the associated 
ground reaction forces (gRF) and found increases of 
13–19% peak gRF when jumping vertically with stab 
resistant body armour and a duty belt (total mass = 
7.65 ± 0.73 kg). This is in line with other load carriage 
literature that has shown gRF’s increasing in propor-
tion to the mass of the added external load (Kinoshita 
1985, Birrell, Hooper, and Haslam 2007, Lloyd and 
Cooke 2000a). The increase in gRF is accompanied by 
in an increase in pressure under the feet (Kasović et  al. 
2020). Police officer PPE has also been shown to 
increase pressure on the areas of the body where the 
equipment is worn, with increased pressure on the 
lower back when wearing a duty belt, which moves to 
the upper back region when duty belts are replaced 
with load bearing vests (Larsen, Ramstrand, and 
Tranberg 2019). It is possible that the increased pres-
sure is linked to the pain and discomfort that has 
been reported in these regions when wearing a duty 
belt or load bearing vest (Dempsey, Handcock, and 
Rehrer 2014, Ramstrand et  al. 2016), although a link 
between pressure and discomfort has not been inves-
tigated for police PPE.
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The effect of carrying external load on walking gait 
stride parameters has been extensively studied (e.g. 
Kinoshita 1985, Martin and Nelson 1986, Lafiandra 
et  al. 2003, Lloyd and Cooke 2011, Silder, Delp, and 
Besier 2013, Middleton et  al. 2022, Huang and Kuo 
2014) and while the results of these studies have var-
ied, likely due to difference in methodological design 
(e.g. walking speed, load mass, load placement), most 
have found no change in stride length or frequency 
(Middleton et  al. 2022, Huang and Kuo 2014, Silder, 
Delp, and Besier 2013, Wood and Orloff 2007, Kinoshita 
1985, Lloyd and Cooke 2011). The studies that have 
reported changes in gait stride parameters have found 
a shortening of stride length walking with heavy loads 
(40% body mass) compared to unloaded walking 
(Lafiandra et  al. 2003) or used fast walking speeds 
(6.4 km/h) when comparing loaded walking to 
unloaded walking (Martin and Nelson 1986). Studies 
on police PPE appear to align with this wider load car-
riage literature with some studies reporting no differ-
ence in spatio-temporal variables (Larsen, Tranberg, 
and Ramstrand 2016, Ramstrand et  al. 2016) and the 
authors suggesting that the mass of load carriage 
borne by police officers (6–7 kg) might not enough be 
to induce changes to walking gait stride patterns 
(Ramstrand et  al. 2016). However, this is not a unani-
mous finding with Kasović et  al. (2020) reporting 
reduced stride length, cadence and walking speed, 
and increased stride time and step width with PPE 
weighing ~3.5 kg. The participants in the Kasović et  al. 
(2020) study increased walking speed between condi-
tions, but the speeds were not different between con-
ditions in Ramstrand et  al. (2016) and Larsen, Tranberg, 
and Ramstrand (2016), which might account for the 
different stride patterns reported between the studies.

Although changes in stride patterns have been 
infrequently reported, body armour and duty belts do 
appear to alter the walking gait through reduced trunk 
range of motion and increase ankle joint moments 
(Larsen, Tranberg, and Ramstrand 2016). However, 
these gait changes to the motion of the trunk PPE 
might be reduced after a period of habituation 
(Ramstrand et  al. 2016). This suggests a potential train-
ing effect in walking gait mechanics with load car-
riage, which has also been demonstrated in the wider 
load carriage literature (Wills et  al. 2019). The effects of 
PPE on the walking gait of police officers have only 
been assessed over short distances, and there has 
been no research on the running gait mechanics or 
the impact of fatigue on running mechanics for offi-
cers with PPE. This is surprising given that 11 studies 
included some form of running/sprinting protocol to 
assess occupational performance (Table 2). 

Understanding the interaction between PPE and the 
body, and potential mechanism for reduced perfor-
mance could help to inform the design of future PPE.

Studies including measures of postural sway, bal-
ance, or functional movement (including range of 
motion) have suggested that police officer PPE can 
increase postural sway during balance tasks (indicating 
reduced balance) (Orr, Schram, and Pope 2018) and 
reduce joint specific range of motion (Blackledge et  al. 
2009). Balance and mobility in police PPE appear to be 
further impaired by fatigue, with Dempsey, Handcock, 
and Rehrer (2013) demonstrated reduced mobility task 
performance in timed balance, grapple and agility 
tasks of 6–16% with police PPE (mass = ~7 kg) com-
pared to exercise clothing. Blackledge et  al. (2009) and 
Orr, Schram, and Pope (2018) both demonstrated that 
the type of body armour also plays a role in functional 
movement screen scores and movement restrictions, 
with external body armour restricting joints move-
ments more than soft concealable body armour 
(Blackledge et  al. 2009) and military body armour per-
forming worse in functional movement screen tests 
compared to police PPE (Orr, Schram, and Pope 2018).

Comfort and subjective perceptions

Subjective perceptions are one of the most studied 
areas of police PPE, with several studies including 
measures of perceived exertion during exercise (e.g. 
Dempsey, Handcock, and Rehrer 2013, Dempsey, 
Handcock, and Rehrer 2014, Divencenzo et  al. 2014, 
Ehnes et  al. 2020) and several studies exploring fit and 
comfort (e.g. Divencenzo et  al. 2014, Larsen et  al. 2018, 
Malbon et  al. 2020, Ramstrand et  al. 2016). As might 
be expected, RPE has been shown to increase with the 
addition of external load from PPE (Table 4), which is 
in line with findings from the wider load carriage 
research (gordon et  al. 1983). RPE is a measure of per-
ceived whole-body exertion, which is useful for provid-
ing an overall measure of perceived effort, but does 
not provide detail of the perceived local effects of 
body armour at specific body locations. As such, stud-
ies exploring comfort and fit have mostly used visual 
analogue scales to provide body region specific mea-
sures (Divencenzo et  al. 2014, Larsen et  al. 2018, 
Ramstrand et  al. 2016). These studies have tended to 
suggest that police PPE increases pain and discomfort 
in the region of the body it is being worn. For body 
armour vests, which cover the torso, female officers 
have reported rubbing and discomfort around the 
breast area (Malbon et  al. 2020, Malbon et  al. 2022, 
Niemczyk, Arnold, and Wang 2020) and both males 
and females have reported discomfort in the upper 
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back (Ramstrand et  al. 2016). Wearing sports bras has 
been shown to reduce the discomfort of body armour 
for female officers (Malbon et  al. 2022), although 
Niemczyk, Arnold, and Wang (2020) suggested that 
female officers report the compression caused by 
sports bras to be unbearable after a couple of hours, 
particularly for females with larger bra sizes. While it 
might be expected that adding an external mass to an 
area of the body leads to increased discomfort and 
pain in that region, it highlights that further work is 
needed to try and reduce discomfort and pain with 
police PPE, particularly for female officers. One method 
of achieving this could be through improved fit, with 
Niemczyk, Arnold, and Wang (2020) and Malbon et  al. 
(2022) demonstrating that female police officers are 
subject to greater discomfort with poorly fitted protec-
tive equipment. Indeed, ill-fitting body armour has 
been linked to musculoskeletal pain and discomfort in 
military populations (Coltman et  al. 2020) and has also 
been linked to reduced functional performance in 
aerospace, military, healthcare, and firefighter popula-
tions (Brisbine et  al. 2022).

A few studies have also reported thermal comfort 
and thermal sensation as subjective measures of ther-
mal stress when wearing police specific PPE (Pyke, 
Costello, and Stewart 2015, Ryan et  al. 2014). These 
studies reported no significant difference in thermal 
comfort and sensation when exercising for 60–120 min-
utes in hot and humid environments with light body 
armour (~3 kg). This is in line with measures of core 
body temperature, which appears to be unaffected 
when exercising in hot and humid environments with 
light protection (~3 kg) compared to no PPE conditions 
(Pyke, Costello, and Stewart 2015, Roberts and Cole 
2013). However, wearing police specific body armour 
in hot and humid environments during an eight-hour 
working day has been shown to result in self-reported 
symptoms of mild-moderate heat illness such as thirst, 
feeling tired, dizziness and muscle weakness (Stewart 
and Hunt 2011). As core body temperature and sweat 
rates have been shown to increase with police PPE 
weighing ~20kg (Zwingmann et  al. 2021a), it is likely 
that heavier police PPE, such as that worn by riot 
police or tactical police officers, will lead to increased 
thermal discomfort.

Areas for future research

There is no research on the comfort and functionality 
of police PPE in specialist areas such as dog support 
units and mounted sections. These could be important 
areas for future research given the impact that police 
PPE has on reduced comfort (e.g. Larsen et  al. 2018) 

and reduced functional performance during simple 
movements such as running (e.g. Lewinski et  al. 2015) 
and jumping (e.g. Dempsey, Handcock, and Rehrer 
2014). This is further highlighted by research showing 
differences in the common injuries associated with dif-
ferent police officer roles, with the most common 
injury mechanisms for Mounted police reported to be 
falls from height (15.9% of injuries) and repetitive 
tasks/movements (10.6% of injuries), whereas 
non-mounted police most frequently reported injuries 
from physical assault (21.3% of injuries)(Orr et al. 2023). 
Orr et  al. (2023) also found differences in the most fre-
quently reported body sites for injury, with lower back 
(13.9%), neck (7.3%) and shoulder (7.3%) injuries most 
common for mounted police officer, and knee (13.9%), 
lower back (10%) and hand (8.2%) most common for 
non-mounted police officers.

Poorly fitting PPE has been shown to negatively 
impact functional performance across several occupa-
tional domains (Brisbine et  al. 2022), but no studies 
appear to have investigated this in the police. This 
might be a serious omission from the current body of 
literature given the lack of fit and poor comfort that 
has been reported for female officers (Malbon et  al. 
2020). Further work is clearly needed to develop body 
armour vests that have greater alterability to provide 
improved comfort for a wide variety of body shapes, 
and to understand the impact that the fit of police 
specific PPE could have on the performance of polic-
ing activities. An important consideration for this 
future research is to recruit a diverse sample that ade-
quately accounts for variability in anthropometry and 
posture across male and female police officers. This 
approach to participant sampling was identified by 
Brisbine et  al. (2022) in their review of PPE across sev-
eral occupational domains (military, firefighter, aero-
space, healthcare and manufacturing), and it is an 
important consideration for future research on police 
PPE, particularly where there is scope for individual 
differences in accompanying garments, such as bra 
type (Niemczyk, Arnold, and Wang 2020). It should be 
noted by future researchers that, whilst is useful to 
understand potential reductions to occupational per-
formance and discomfort caused by protective equip-
ment, it is also important to consider the risk of 
overmatching injury when considering the balance 
between protection and performance, particularly for 
ballistic threats (Mabbott and Carr 2020).

Limitations

Protective equipment used in chemical, biological, radio-
logical, and nuclear (CBRN) incident environments was 
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not included in this review due the differing nature of this 
equipment compared to standard police PPE. For exam-
ple, CBRN PPE requires a fully encapsulating impermeable 
protection with breathing apparatus (Richmond et  al. 
2013). This could be considered a limitation of this review 
as functionality and comfort with CBRN equipment is 
likely to be reduced compared to standard PPE, particu-
larly as it has been shown to result in extreme core body 
temperatures (39.2 ± 0.3 °C) during house entry tasks 
(Blacker et  al. 2013).

Conclusion

Most studies investigating the comfort and functional 
performance of police officer PPE have been in the areas 
of subjective perceptions of exertion and comfort, occu-
pational task performance, physiological and thermophys-
iological responses, and biomechanics and mobility. Based 
on the available evidence police officer PPE appears to: 
(1) increase discomfort and perceived exertion during 
exercise, with particular focus on female discomfort; (2) 
increase heart rate and metabolic energy expenditure 
during exercise, with the effects increasing as the mass of 
the protection is increased; (3) decrease jumping, sprint-
ing and agility performance with heavy PPE, but marks-
manship appears unaffected; (4) reduce joint specific 
ROM, with the design and location of the PPE having a 
larger impact on movement restriction than the mass of 
the equipment. The literature is mostly focused on stan-
dard and tactical policing and there is a lack of evidence 
on the functionality of PPE for specialist units such as dog 
handling, mounted and marine policing. Further research 
is also needed on the effect that the fit of police specific 
PPE can have on functional performance across different 
types of police activity, which might be an important fac-
tor for police performance given that poorly fitted body 
armour has been shown to have a negative effect on 
occupational performance for military personnel, firefight-
ers and individuals working in the aerospace industry.
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