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Key messages

 ► Severe haemorrhage from the arm that is 
unresponsive to direct pressure necessitates the 
application of a tourniquet.

 ► Detachable arm protection, referred to as 
brassards, are used by the UK Armed Forces 
to protect the upper arm from fragmentation 
threats.

 ► The dimensions of a brassard should be 
determined by how far up the arm a tourniquet 
can be applied.

 ► The recommended dimensions of the new 
VIRTUS brassard based from this study is over 
30% shorter than the existing VIRTUS brassard.

 ► This has reduced the overall weight burden 
for the soldier and improved heat dispersion, 
integration and interoperability.

 ► The reduced mass of required ballistic protective 
material in conjunction with a single size 
of brassard is predicted to save £20 000 in 
procurement costs per year.

Figure 1 The acromion process1 is the recommended 
landmark for defining the boundary between brassard 
the outer border of the body armour vest and the upper 
border of arm protection. A tourniquet can be applied as 
high as the axillary fold,2 but is likely to slip down the 
arm to a point level with the deltoid insertion.3

AbsTrACT
Introduction Severe haemorrhage from the arm that is 
unresponsive to direct pressure necessitates the applica-
tion of a tourniquet. Detachable arm protection, referred 
to as brassards, are used by the UK Armed Forces to protect 
the upper arm from fragmentation threats. However, the 
coverage they originally provided was based on limited 
medical evidence. Medical consensus has determined 
that the dimensions of arm protection should in future be 
related to how far up the arm a tourniquet can be applied.
Method CT scans of 120 male Armed Forces personnel 
were analysed to ascertain the vertical distances from 
acromion process to the point at which a tourniquet 
can applied, equating to the anterior axillary fold. These 
values were statistically compared with those derived 
from the 2007 UK Military anthropometric survey using a 
paired t- test. Additional distances were added to account 
for tourniquet width and slippage, with the total value 
compared with VIRTUS brassard length.
results No significant difference (p<0.01) was found 
in mean acromion to axilla length (114 mm) compared 
with that found in the anthropometric survey confirming 
sample validity. The deltoid insertion lay 24 mm below the 
axillary fold for the 50th percentile value from CT. Essen-
tial arm coverage for the 99th percentile male in this study 
was calculated as 201 mm.
Conclusions Based on this research, a single new bras-
sard for the VIRTUS body armour and load carriage system 
was recommended and manufactured based on the 99th 
percentile. This is over 30% shorter than the existing 
VIRTUS brassard, reducing the overall weight burden for 
the soldier and improving heat dispersion, integration 
and interoperability. The new brassard has been issued to 
Armed Forces personnel since October 2018. The reduced 
mass of ballistic protective material in conjunction with 
requiring only a single size of brassard has already saved 
the Ministry of Defence £20 000 in procurement costs.

InTrOduCTIOn
requirement for arm coverage
The vast majority of combat casualties with poten-
tially survivable injuries die from haemorrhage.1 
Haemorrhage can be controlled in many cases with 
direct compression in conjunction with a first field 
dressing and haemostatic agents. Severe haemor-
rhage from the arm that is unresponsive to the above 
measures necessitates application of a tourniquet.1 
However, there is a limit to how close to the torso 
that a tourniquet can be applied. Multidisciplinary 
medical consensus has therefore recommended 
that the position at which a tourniquet can reli-
ably be applied and tightened should determine the 
extent that the arm should be covered by ballistic 

protective materials.2 The limits to how closely 
tourniquets can be applied to the torso are the 
anterior and posterior axillary folds of the armpit 
(Figure 1). However, in practical terms, when tight-
ened the upper margin of the tourniquet will gener-
ally slip down the deltoid muscle until it reaches a 
point level with the insertion of the muscle into the 
humerus bone.2
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Figure 2 Brassard attached to VIRTUS vest (A) brassard cover 
measured (B) that encloses the ballistic protective material, the ‘soft 
filler’ which is measured (C).

Table 1 Mean values (mm) derived from previous military 
anthropometric surveys6–11 and the only civilian study12 pertinent to 
determining arm coverage (sample numbers are of men only)

Anthropometric 
survey

sample 
number (n)

Acromion 
height

Anterior 
axilla 
height

Acromion—anterior 
axilla

Acromion—deltoid 
insertion

Royal Air Force6 200 1330

US Army7 1774 1442 1320 122

UK military8 2159 1453 1339 114

Australian military9 1861 1455

Canadian Army10 1992 1435

US Marine Corps11 4447 1445

Civilian12 46 177

Figure 3 Linear anthropometric distances measured in military 
surveys. Acromion height (A) and axilla height (B) can be used to 
determine vertical acromion to axilla distance (C). Acromion to elbow 
(D) is of little use in terms of arm coverage.

upper arm protection
Protection of the upper arm from fragmentation threats has 
been available for use by UK service personnel since the intro-
duction of the KESTREL and OSPREY personal armour systems 
in 2006.2 This protection has been in the form of integral (non- 
detachable) brassards for KESTREL and removable brassards 
that attached using press studs to the body armour vest for 
OSPREY (Figure 1). In addition, a ‘shoulder guard’ was issued 
and worn at the back of the brassard to ensure that no projectiles 
could penetrate between the brassard and vest when the service 
person had their arms fully extended. Brassards issued as part of 
the OSPREY body armour system were issued in two sizes.

The VIRTUS personal armour and load carriage system, intro-
duced in 2015, has replaced OSPREY as the personal armour 
system worn by the high readiness component of the UK Armed 
Forces.3 VIRTUS uses a single size of brassard, and following 
recommendations from previous arm coverage work,2 there is 
no longer a separate shoulder guard component (Figure 2A). 
However, at the time of procurement, there was no medical 
evidence to recommend the size of the brassard. The length 
of the existing VIRTUS brassard (Figure 2B) when first intro-
duced was 300 mm (including the outer carrier material) and 
290 mm when excluding the outer carrier but including the soft 
armour filler and cover (Figure 2C). The length recommenda-
tion herein is based on the soft armour length in the brassard as 
it is the element of the system that provides the fragmentation 
protection.

Anthropometric landmarks
One method of determining the optimal coverage that should 
be provided by personal armour is to use anthropometric land-
marks. These landmarks are stable locations on the human body 
that are used to delineate the linear measurements required in 
anthropometry.4–6 These landmarks are also important for accu-
rate sizing and fitting of personal armour.2 4 The acromion of 
the scapula is a landmark that has been used in previous mili-
tary anthropometric surveys.7–11 The acromion can be used as 

the upper border of arm protection, and thereby the junction 
between it and the body armour vest, as it is one of the points at 
which the arm and torso articulate. However, previous military 
anthropometric surveys have generally not measured landmarks 
applicable to the remainder of arm coverage as they were not 
deemed a requirement at the time (Table 1). Standing acromion 
and anterior axilla height were measured in two of the studies, 
so it is possible to ascertain a limited amount of information 
on arm coverage by subtracting acromion height from anterior 
axilla height7 8 (Figure 3).

Deltoid insertion (sometimes termed ‘deltoid point’) was 
measured in one military survey7 but not in a manner that could 
be used to determine arm coverage (Figure 4). A single civilian 
study used an anthropometric measurement of deltoid insertion 
to acromion length, as part of a segmental measure of upper arm 
length for assessments of muscle strength12 (Table 1).

CT scanning
CT scans have the potential to provide information for the 
sizing of protection and have recently been used successfully for 
thoraco- abdominal body armour.4 Scans of service personnel 
taken in recent conflicts will clearly represent a pertinent 
demographic of those who will potentially be wearing personal 
armour in the near future. The acromion of the scapula is a 
readily identifiable bone landmark and can be used as the upper 
border of arm protection (Figure 5). Both the axillary fold and 
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Figure 4 Image taken from the 1968 Royal Air Force anthropometric 
survey7 demonstrating how the value for standing axillary height was 
determined using a stick held at the level of the anterior and posterior 
axillary folds (crown copyright). This image demonstrates in particular 
the difficulty in accurately ascertaining the position of the deltoid 
muscle insertion clinically (arrowed).

Figure 5 Screenshots of axial slices from CT scans taken at the levels 
of potential anthropometric landmarks used to determine arm coverage; 
acromion process, anterior axillary fold and deltoid insertion.

Table 2 Distances A–C used to determine the recommended length 
of the brassard (distance D)

distance description rationale

A Vertical length between the most 
superolateral point on the acromion 
process and the axillary fold at the 
point where the arm can first be seen 
to be separate from the torso

The closest to the torso a 
tourniquet can potentially be 
applied is the anterior axillary 
fold

B Vertical length between the most 
superolateral point on the acromion 
process and the point at which 
the deltoid muscle inserts into the 
humerus

A tourniquet is likely to slip 
down from the axillary fold to 
the deltoid insertion in practice

C Width of the combat application 
tourniquet

Fixed width of 40 mm

D Sum of distance A+distance 
B+distance C

Recommended length of medical 
coverage of the arm

Figure 6 Pictorial representation (not to scale) of how distances A–D 
were ascertained using measurements from CT scans (cross- reference 
table 2). 1, acromion process; 2, anterior axillary fold; 3, deltoid 
insertion.

deltoid insertion can be visualised on CT scans, but the latter is 
far more subjective.

rationale for study
The VIRTUS project provided the impetus to define the anatom-
ical coverage provided by arm protection and provide recom-
mendations on how the coverage could be optimised using new 
medical technology.4 The aims of this research were to use CT 
scans taken on a pertinent cohort of UK Armed Forces personnel 
in order to measure the dimensions of anthropometric land-
marks on the arm, to recommend sizes of arm coverage and to 
aid the fitting of brassards onto an individual.

MeThOd
Contrast CT ‘trauma’ scans of 120 consecutive male Caucasian 
UK Armed Forces personnel evacuated from Iraq and Afghani-
stan to University Hospital Birmingham (UHB) between 17 June 
2009 and 19 March 2013 were identified from the Joint Theatre 
Trauma Registry. This was supplemented by cross- checking of 
records held by the Imaging Department of the Royal Centre for 
Defence Medicine. A total of 156/196 military service numbers 
identified from these searches could be accurately matched to 
UHB hospital numbers. 36/156 hospital numbers identified 
CT scans that could not be accessed from the UHB server. This 
resulted in 120 scans that were available for analysis.

Distances A and B were measured from CT and distance C was 
the width of the current Combat Application Tourniquet used 
by UK forces (Table 2 and Figure 6). Distance A was compared 
with that derived from the QinetiQ anthropometric UK military 
survey8 using a paired t- test with a significance level of p <0.05. 
CT scans were analysed by a single clinician using the IMPAX 
Dicom imaging program (Agfa, Belgium, V.6.0). This has an 
intrinsic measuring tool that provides linear distances between 
two cursor points in millimetres to a single decimal point.

A linear regression from distance A to distance A+B was 
determined from the CT data. This relationship was then used 
with the much larger dataset from the UK military anthropo-
metric database8 in order to calculate estimates for distance B for 
the population as a whole.

resulTs
No significant difference was found (p<0.05) in the acromion to 
axillary fold distance derived from the CT scan sample (distance 
A) compared with the QinetiQ anthropometric study,8 demon-
strating that the CT scans were a representative sample (table 3). 
The anterior axillary fold was visible in all 120 scans but the 
posterior axillary fold, but the deltoid insertion was only visible 
in 92 scans (Figure 7).
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Table 3 Arm coverage lengths (in millimetres) for different percentile groups based on CT scans compared with military anthropometric data7 8

source Using survey8 results from this CT study Using survey12

length (mm)
Acromion—axillary 
fold (A)

Acromion—axillary 
fold (A)

Anterior axillary 
fold—deltoid 
insertion (b) Tourniquet width (C)

recommended length of 
arm coverage (d)

recommended length of 
arm coverage (d)

5th percentile 92 88 13 40 151 155

25th percentile 103 103 18 40 163 176

50th percentile 111 114 24 40 172 192

75th percentile 118 132 29 40 187 204

95th percentile 131 150 35 40 208 232

Figure 7 Screenshot taken of an axial CT scan demonstrating that the 
window size used meant that the deltoid muscle insertion and posterior 
axillary fold was not visible in all scans.

Figure 8 Scatterplot with linear regression fit of distance A compared 
with distance A+B.

Table 4 Coverage lengths determined from the QinetiQ 
anthropometric study data in combination with Equation 1

source Using survey8 using equation 1
using survey7 and 
equation 1

length (mm)
Acromion—axillary 
fold (A)

Acromion—deltoid 
insertion (A+b)

Tourniquet 
width (C)

recommended 
length of male arm 
coverage (d)

5th percentile 92 118 40 158

25th percentile 103 129 40 169

50th percentile 111 136 40 176

75th percentile 118 144 40 184

95th percentile 131 155 40 195

Table 5 Optimised VIRTUS brassard lengths based on the percentage 
reduction in length per percentile of the male population

Percentile (uK 
male)

Acromion to 
lower border 
of tourniquet 
from CT (mm)

Acromion to 
lower border 
of tourniquet 
from 
equation 1 
(mm)

length of 
existing 
VIrTus 
brassard—
soft armour 
(mm)

Potential 
% length 
reduction 
of VIrTus 
brassard

1st 140 150 290 48%

5th 148 158 290 45%

25th 165 169 290 42%

50th 174 176 290 39%

75th 192 184 290 37%

95th 211 195 290 33%

99th 220 201 290 31%

A scatter graph of distance A and distance A+B from the CT 
data is displayed in Figure 8. A linear regression of distance A to 
distance A+B was determined from these data and is given by 
Equation 1:
 A+ B = 0.96A+ 30  

This regression has an R² value of 0.6495, so it shows a 
reasonable correlation considering human variation. Equation 
1 is used in combination with the QinetiQ anthropometric 
study data to determine the range of percentile coverage 
lengths for the male population. This is summarised in Table 4.

dIsCussIOn
Anthropometric landmarks to determine essential arm 
coverage
The aims of this research were to use CT scans taken on a perti-
nent cohort of UK Armed Forces personnel in order to measure 
the dimensions of anthropometric landmarks on the arm. The 
correct sizing and fitting of arm protection requires the iden-
tification of anatomical landmarks. Both the acromion process 

and the anterior axillary fold are important in determining the 
extent of arm coverage and were measured in the 2007 QinetiQ 
military anthropometric survey. No significant difference was 
found in the mean acromion- to- anterior axillary fold distance 
derived from the CT scan sample compared with the 2007 
military anthropometric survey,8 demonstrating that this was a 
representative sample.

The deltoid insertion is important to measure as it is a useful 
marker of how far down a tourniquet will slip down the arm 
in the tactical pre- hospital environment. However, the deltoid 
insertion can be difficult to measure on a subject both in person 
and on CT. No pertinent measurements taken using the deltoid 
insertion have been undertaken in previous military anthropo-
metric surveys likely reflecting this. This coverage analysis has 
demonstrated the importance of measuring standing acromion 
height and anterior axilla height and deltoid insertion in future 
military anthropometric surveys.

recommendations for arm coverage length
The hypothesis of this paper is that essential coverage of the 
arm is based on the distance between the acromion and the 
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lower border of the tourniquet, accounting for potential slip-
page of the tourniquet to the deltoid insertion. It is recom-
mended that this rationale, using standard measurements 
including tourniquet width, is used in future coverage assess-
ments, including planned consensus regarding coverage of the 
pelvis and thigh.

COnClusIOns
Based on this research, a single new brassard for the VIRTUS 
body armour and load carriage system was recommended 
and manufactured based on the 99th percentile. This is over 
30% shorter than the existing VIRTUS brassard, reducing 
the overall weight burden for the soldier and improving heat 
dispersion, integration and interoperability. The first issuing 
of the reduced sized brassards to UK Armed Forces were in 
October 2018, with the purchasing of more brassards planned 
as part of the continued manufacture and issue the VIRTUS 
system. The reduced area of required ballistic protective mate-
rial in conjunction with a single size of brassard has already 
enabled a saving of £20 000 in procurement costs for the 
Ministry of Defence between October 2018 and the time of 
submission of this paper in June 2019.

Recommended soft filler length in the brassards based on CT 
results were compared with those from the QinetiQ anthropo-
metric study for each of the percentile groups (Table 5).
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