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Abstract
The purpose of this study was to make made-to-measure compression garments that elicit pressures within and below clinical 
standards. The study also examined whether pressures and gradients can be replicated within and between participants’ legs, 
and between separate compression garment conditions. Ten males volunteered to participate. Based on three-dimensional 
scans of the participants’ lower body, three different made-to-measure garments were manufactured: control, symmetrical and 
asymmetrical. Garment pressures were assessed from the malleolus to the gluteal fold using a pressure monitoring device. 
A root mean squared difference analysis was used to calculate the in vivo linear graduation parameters. Linear regression 
showed that peak pressure at the ankle in the left and right leg were: control garment, 13.5 ± 2.3 and 12.9 ± 2.6; asymmetrical 
garment, 12.7 ± 2.5 and 26.3 ± 3.4; symmetrical garment, 27.7 ± 2.2 and 27.5 ± 1.6 (all mmHg, mean ± standard deviation). 
Pressure reduction from the ankle to the gluteal fold in the left and right leg were: control, 8.9 ± 3.5 and 7.4 ± 3.0; asym-
metrical, 7.8 ± 3.9 and 21.9 ± 3.2; symmetrical, 25.0 ± 4.1 and 22.3 ± 3.6 (all mmHg, mean ± standard deviation). Made-to-
measure compression garments can be made to elicit pressures within and below clinical standards, and to elicit equivalent 
pressures and gradients in different participants.

1  Introduction

Compression garments are worn to apply an external, 
mechanical pressure on the surface of the body, which may 
compress and support underlying tissues and have been 
shown to reduce muscle oscillation during exercise [1, 
2]. In clinical practice, guidelines have been developed to 
ensure appropriate prescription of compression garment 
pressures for specific conditions. However, it should be 
noted that agreed pressure guidelines do not necessarily 
result in the same classifications in all countries; for exam-
ple, in the UK, France and Germany, specific compression 

garment pressures correspond to different classifications 
[3]. In the UK, the guidelines have three pressure classifica-
tions (BS-6612; 1985): Classes one (14–17 mmHg), two 
(18–24 mmHg) and three (25–35 mmHg). Wearing com-
pression garments is common in sporting environments 
[4, 5]. Some manufacturers claim that their garments elicit 
‘graduated compression’. Such claims of graduated com-
pression implies that a garment elicits high pressures at the 
distal end, with the pressure gradually reducing towards the 
proximal end, which may improve venous flow and return 
[6]. Some research has found positive effects of wearing 
compression garments on exercise performance, or during 
recovery from exercise [7–12]. However, other research has 
not been able to demonstrate such effects [13–18]. Conse-
quently, with such equivocal research findings, it is unknown 
whether compression garments aid exercise performance and 
recovery.

A factor that may explain the equivocal findings in the 
sport-related research literature is that many studies do 
not measure the pressure elicited by the compression gar-
ment, often reporting only manufacturer-estimated values 
typically taken from standardised wooden-leg models 
[19]. The inadequate quantification of between-human 
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differences in leg geometry, and the different stiffness 
characteristics of leg tissues, such as bone, tendon and 
muscle, probably contribute to a limited understanding 
of the actual in vivo pressures elicited by compression 
garments. The ambiguity in the results of sport-related 
research involving compression garments is therefore per-
haps unsurprising. If pressure is not measured, then link-
ing the pressure profile elicited by a compression garment 
with any associated performance changes and physiologi-
cal adaptations is impossible.

Commercially available compression garments are 
required to fit individuals whose body morphologies are 
unknown to the manufacturer, thus, generalized sizing sys-
tems are typically applied [1]. Such compression garments 
are typically available in five alphanumerical sizes, i.e. extra 
small, small, medium, large and extra large. This lack of cus-
tomization could lead to garments that fit poorly. Therefore, 
if the pressures applied by commercially available compres-
sion garments were measured, these pressures could vary 
between individuals. Indeed, Brophy-Williams et al. [20] 
found the pressure elicited by compression garments to be 
affected by sizing. Furthermore, it was found that by wear-
ing commercially available compression garments and using 
manufacturer recommended sizing, the measured pressures 
varied between individuals even if individuals were fitted 
within the same sizing category. As such, if a compression 
garment fits poorly there could be differences in pressure 
profiles experienced by participants. The requirement for a 
compression garment to provide the same fit between legs 
is also of importance. It is common to have size and shape 
differences between dominant and non-dominant legs. Rau-
ter et al. [21] showed knee and calf circumferences to differ 
between left and right legs in young, male road cyclists. 
Such leg asymmetry could result in commercially avail-
able compression garments eliciting more pressure on one 
leg than the other, as well as providing an inconsistent fit 
between participants. To ensure robust research study design 
with sufficient reliability and validity, it may be beneficial 
for participants to wear made-to-measure compression gar-
ments, to allow all participants to experience equivalent 
pressure profiles. However, whether made-to-measure com-
pression garments can be manufactured to ensure similar 
pressure profiles across individuals is unknown.

This study had three aims, first, to examine if it was pos-
sible to make a made-to-measure compression garment that 
elicits graduated pressures that fit within clinical pressure 
standards and a control compression garment with pressures 
below clinical standards. It also aimed to examine whether 
pressures and gradients can be replicated within and between 
participants’ legs and for separate compression garment 
conditions. Finally, it aimed to examine made-to-measure 
compression garment fit between conditions and between 
participants’ legs.

2 � Methods

2.1 � Participants

Ten healthy, recreational male runners (age 24.3 ± 4.6 years, 
stature 181.5 ± 1.8  cm, body mass 75.7 ± 3.8  kg, 
mean ± standard deviation) volunteered and provided 
informed consent to participate in the study. All participants 
completed a health screen questionnaire before involvement 
in the study, to ensure they had no medical or other condi-
tions that would have prevented them from taking part. Par-
ticipants with medical conditions or injuries were excluded 
from the study. All participants refrained from strenuous 
exercise 24 h before each trial and refrained from caffeine 
on the day of a trial. The study was approved by a University 
Ethics Committee, (Nottingham Trent University Ethical 
Committee Application for Human Biological Investigation 
reference number: 560).

2.2 � Experimental design

Participants visited the laboratory four times. The first visit 
was a familiarisation trial, which consisted of a baseline 
three-dimensional (3D) scan that was used to support the 
manufacture of made-to-measure compression garments 
for each participant. Each experimental trial consisted of 
wearing a different lower body compression garment whilst 
pressure profiles, defined as the pressure and pressure gra-
dient from the distal to the proximal end of both legs, were 
measured. The compression garment conditions were: (1) 
control, (2) symmetrical and (3) asymmetrical (detailed in 
Sect. 2.3).

2.3 � Compression garments and 3D scan

The study used made-to-measure, full leg compression 
tights (Kurio 3D Compression Ltd, Nottingham, UK) and 
were fitted from the malleolus to the iliac crest. Within each 
trial, the compression garment used differed in pressure and 
graduation of pressure. The pressure profile of each gar-
ment was implemented into the garment using a specifically 
designed software programme developed by the company. 
The compression garments were made using a composite of 
Elastane (22%) and Nylon (78%), in two sections as left and 
right legs with a seam up the centre line. The properties of 
the material were determined by the companies’ in-house 
testing processes. An assessment of the material was made 
following the standard for evaluating the ‘Determination of 
the elasticity of fabrics’ (BS EN 14704-1:2005) then further 
evaluated against in vivo measurements of pressure obtained 
from individuals outside of the study population (n = 30) 
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to establish the relationship between material reductions, 
body geometry and elicited pressure. The measured proper-
ties were then used to determine the material size reduc-
tion required to generate intended clinical and non-clinical 
pressures for all garments according to Laplace’s Law [22]. 
The elastic material used for the garment facilitates dress-
ing, such that the garment can be stretched over various joint 
structures. Furthermore, this stretching ensures that the gar-
ment sits on the appropriate surface of the limb without slip-
ping. The control garment was designed to elicit pressure 
below clinical standards (< 14 mmHg) with no pressure gra-
dient. The symmetrical garment was designed to elicit pres-
sure within clinical standards (14–35 mmHg) and to include 
a linear pressure gradient from distal to proximal (graduated 
compression). The asymmetrical garment was designed to 
elicit control conditions in the left leg and graduated com-
pression in the right. The pressure classifications used in this 
study corresponded to UK compression standards (BS-6612; 
1985): Classes one (14–17 mmHg), two (18–24 mmHg) and 
three (25–35 mmHg).

To develop the made-to-measure compression garments, 
an Artec Eva 3D scanner (Artec Group, Luxembourg, 
Luxembourg) captured a lower-body 3D scan of each par-
ticipant whilst they slowly rotated on a turntable, standing 
with their legs shoulder width apart. Scans were processed 
using Artec Studio 13 software (Artec Group, Luxembourg, 
Luxembourg) and exported to a custom-built programme 
(Kurio 3D Compression LTD), where identical garment re-
sizing parameters were used for each participant to produce 
material templates that elicited the required pressures in the 
control, symmetrical and asymmetrical garment conditions.

2.4 � Pressure profile assessment

The pressure profiles of the compression garments were 
assessed using a Kikuhime pressure-monitoring device 
(MediGroup, Melbourne, Australia). Previous research has 
assessed the accuracy and reliability of the pressure monitor-
ing device using a water column reference method (typical 
error of measurement =  ± 1 mmHg) [23]. Pressure elicited 
by the garments was measured at multiple sites on the mid-
line of the posterior surface of each leg. The location of the 
pressure sensor measurement sites was acquired simultane-
ously with pressure measurements using a thirteen-camera 
3D motion capture system (Qualisys AB, Gӧteborg, Sweden) 
sampling at 100 Hz. Eight reflective markers were applied to 
the lower body limbs, using bi-adhesive tape, to represent 
the line of the leg. Four markers were placed on each leg at 
the following landmarks: (1) the lateral malleolus (ankle); 
(2) the lateral femoral condyle (knee); (3) the greater tro-
chanter; and (4) the iliac crest. Before the pressure profile 
assessment participants would have been standing for twenty 
minutes. During the pressure profile assessment, participants 

stood with their legs shoulder width apart with their arms 
crossed over their chest. Participants were instructed to 
stand still and to keep their musculature relaxed during the 
pressure measurement. The pressure monitoring device was 
placed between the garment and skin interface and repeat-
edly relocated by pulling the pressure monitoring device up 
the limb for each measurement. Pressure measurements were 
collected at about 5 cm increments up the posterior surface 
of both limbs from the malleolus. To obtain a precise loca-
tion for the pressure measurements, a reflective wand marker 
was briefly placed on the pressure measurement site before 
reading the pressure (see Fig. 1). The pressure profile assess-
ment of both limbs lasted about eight minutes.

2.5 � Statistical analysis

A root mean squared (RMS) difference analysis was used 
to calculate the in vivo (worn) linear graduation parameters 
of peak pressure and graduation. This analysis was used 
to assess differences of peak pressure and pressure gradi-
ent between conditions and between a participants’ legs, to 
determine how well the garments fitted at both group and 
individual level. For this approach, individual participants’ 
pressure data for each leg were fitted with the equation of a 

Fig. 1   Participant wearing the compression garment during the pres-
sure profile assessment with the ‘reflective markers’ applied to define 
leg length, the ‘pressure monitor’ in place to measure pressure elic-
ited by the garment (distal to proximal), the ‘wand’ and the ‘wand 
marker’ applied before each pressure measurement to reference the 
measurement location relative to leg length



	 J. Ashby et al.   12   Page 4 of 9

straight line (see Eq. 1) to identify the two parameters which 
minimised the difference between measured and predicted 
pressures using a simulated annealing algorithm [24]. The 
two parameters identified were peak pressure at the ankle 
malleolus (pmax) and the pressure gradient (∆p). The pre-
dicted pressure corresponded to the line of best fit generated 
by the algorithm.

A straight line was fitted to the data using

where pmax is the peak pressure at the ankle, Δp is the pres-
sure gradient (the reduction in pressure between the ankle 
malleolus and the greater trochanter) and x is the percentage 
of leg length.

The parameters and RMS values were used to analyse 
garment fit between participants within a garment condi-
tion. When calculating RMS at participant limb level, the 
fitting of individual limb pressure measurements was made 
by minimising a conventional RMS, squaring each pressure 
measurement, then calculating their mean and square root 
(see Eq. 2).

The difference between a participants’ measured pressure 
and the predicated pressure for the same measurement loca-
tion was calculated using

where Pai is the participants’ measured pressure, Pbi is the 
participants’ model calculated pressure and n is the total 
number of pressure measurements.

At group level, rather than square each participants’ 
difference between measured and model calculated pres-
sure, we instead adopted an approach of calculating the 
mean difference between measured and model calculated 
pressures for a participant and then calculated the sum of 
squares of these mean values (see Eq. 3). This acquires a 
better representation of the garment fit at group level and is 
less sensitive to outliers in individual participant pressure 
measurements.

where m is the total number of participants and where the 
mean difference between participants’ measured pressure 
and model calculated pressure (yaj) was calculated using

All measurements of length were defined from the ankle 
malleolus relative to the length of the leg which for this 

(1)P = Δpx + pmax

(2)RMSind =

�

∑n

i=1

�

Pai − Pbi
�2

n
,

(3)RMSgroup =

�

∑m

j=1

�

yaj
�2

m
,

(4)yaj =

�
∑n

i=1
Pai − Pbi

�

n
.

study, was defined as the shortest distance between the ankle 
malleolus and the greater trochanter. The peak pressure and 
pressure gradient data used for analysis, and subsequently 
reported in the results, were derived from the RMS method. 
A one-way repeated measures ANOVA was conducted to 
examine peak pressure and pressure gradient in the left and 
the right legs of the participants in the three garment condi-
tions. Significant effects were further analysed using a Bon-
ferroni post hoc test. Paired samples t tests were conducted 
to assess for differences of peak pressure and pressure gra-
dient between legs of each garment condition. Effect sizes 
were calculated as partial eta squared (ηp2) and interpreted 
as 0.01 = small, 0.06 = medium and 0.14 = large [25]. Data 
are presented as mean and standard deviation (mean ± SD), 
unless otherwise stated. A significance level of P < 0.05 was 
applied throughout.

3 � Results

3.1 � Root mean squared difference

The root mean squared differences (Eq. 3) between predicted 
and actual pressures in the left and right leg, respectively, 
were: control garment, 2.1 and 2.1; asymmetrical garment, 
2.0 and 2.5; symmetrical garment, 2.1 and 2.1 (all mmHg). 
The inter-individual root mean squared differences (Eq. 2) 
ranged from: control garment, 1.5 to 3.5; asymmetrical 
garment, 1.2 to 6.3; symmetrical garment, 1.5 to 4.5 (all 
mmHg).

3.2 � Pressure gradients between garment 
conditions

3.2.1 � Left leg

There was a difference in pressure gradient between 
garments for the left leg (main effect condition [F(2, 
18) = 79.527, P = 0.001 ηp2 = 0.898], Table 1). The pres-
sure gradient was shallower in the control and asymmetrical 
garments than in the symmetrical garment (pairwise com-
parison, P = 0.001 in both instances). As intended the pres-
sure gradient in the left leg of the asymmetrical garment was 
the same as in the control garment (pairwise comparison, 
P = 1.000), (Table 1).

3.2.2 � Right leg

There was a difference in pressure gradient between gar-
ments for the right leg (main effect condition [F(2, 
18) = 89.661, P = 0.001 ηp2 = 0.909], Table 1). The pres-
sure gradient was shallower in the control garment than in 
both the asymmetrical and symmetrical garments (pairwise 
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comparison, P = 0.001 in both instances). As intended the 
pressure gradient in the right leg of the asymmetrical gar-
ment was the same as in the symmetrical garment (pairwise 
comparison, P = 1.000), (Table 1).

3.3 � Peak pressure between garment conditions

3.3.1 � Left leg

There was a difference in peak pressure between garments 
for the left leg (main effect condition [F(2, 18) = 115.299, 
P = 0.001 ηp2 = 0.933], Table 2). The peak pressure was 
lower in the control and asymmetrical garments than in the 
symmetrical garment (pairwise comparison, P = 0.001 in 
both instances). As intended the peak pressure in the left leg 
of the asymmetrical garment was the same as in the control 
garment (pairwise comparison, P = 1.000), (Table 2).

3.3.2 � Right leg

There was a difference in peak pressure between garments 
for the right leg (main effect condition [F(2, 18) = 111.708, 
P = 0.001 ηp2 = 0.925], Table 2). The peak pressure was 
lower in the control garment than in both the asymmetrical 
and symmetrical garments (pairwise comparison, P = 0.001 
in both instances). As intended the peak pressure in the 
right leg of the asymmetrical garment was the same as in 
the symmetrical garment (pairwise comparison, P = 1.000), 
(Table 2).

3.4 � Within garment between leg pressure gradient 
differences

There was a difference in pressure gradient between legs 
in the asymmetrical garment [t(9) = 14.068, P = 0.001] and 
no differences in the control and symmetrical garments 
[t(9) =  − 1.324, P = 0.218] and [t(9) = − 1.975, P = 0.080, 
respectively].

3.5 � Within garment between leg peak pressure 
differences

There was a difference in peak pressure between legs in 
the asymmetrical garment [t(9) = −  23.141, P = 0.001] 
and no differences in the control and symmetrical gar-
ments [t(9) = 0.442, P = 0.669] and [t(9) = 0.262, P = 0.799, 
respectively].

3.6 � Elicited pressures within clinical standards

As intended, for the control garment and the left leg of the 
asymmetrical garment, elicited pressure was below Class 
one of clinical compression standards over all of the legs. 
For the right leg of the asymmetrical garment, 5, 32, 20 
and 43% of elicited pressures were within Class three, Class 
two, Class one and below clinical compression standards, 
respectively. For the left leg of the symmetrical garment, 
12, 31, 17 and 45% of elicited pressures were within Class 
three, Class two, Class one and below clinical compression 
standards, respectively. Finally, for the right leg of the sym-
metrical garment, 9, 30, 16 and 45% of elicited pressures 
were within Class three, Class two, Class one and below 
clinical compression standards, respectively, (Fig. 2).

4 � Discussion

This study shows that it was possible to make made-to-
measure compression garments that elicit pressures within 
and below clinical standards. Furthermore, it was shown that 
pressures and gradients can be replicated within and between 
participants’ legs, and between separate compression gar-
ments. The control over elicited pressure was evidenced by 
peak pressure of 27.7 ± 2.2 mmHg and 27.5 ± 1.6 mmHg 
for the symmetrical garment in the left and right legs of 
participants (within Class three of clinical compression 
standards), while for the control garment, the corresponding 
values were 13.5 ± 2.3 mmHg and 12.9 ± 2.6 mmHg (below 
clinical compression standards). The use of individual 3D 
scans ensured that made-to-measure compression garments 
consistently elicited prescribed pressure profiles in partici-
pants’ legs and between different garment conditions. There-
fore, no differences in peak pressure or pressure gradient 

Table 1   Pressure gradient in the left and right legs in the control, 
asymmetrical and symmetrical compression garment conditions 
(mean ± SD, n = 10)

*Significantly different between legs
† Significantly different to control garment (P < 0.05)

Left (mmHg) Right (mmHg)

Control − 8.9 ± 3.5 − 7.4 ± 3.0
Asymmetrical − 7.8 ± 3.9 − 21.9 ± 3.2*,†

Symmetrical − 25.0 ± 4.1† − 22.3 ± 3.6†

Table 2   Peak pressure at the ankle in the left and right legs in the 
control, asymmetrical, symmetrical and uniform compression gar-
ment conditions (mean ± SD, n = 10)

*Significantly different between legs
† Significantly different to control garment (P < 0.05)

Left (mmHg) Right (mmHg)

Control 13.5 ± 2.3 12.9 ± 2.6
Asymmetrical 12.7 ± 2.5 26.3 ± 3.4*,†

Symmetrical 27.7 ± 2.2† 27.5 ± 1.6†
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were found between legs in the control and symmetrical 
garment conditions (P < 0.05). Many compression garment 
studies have either not measured the pressure elicited by a 
garment [13, 26–29] or they have relied on pressures stated 
by the manufacturer [7, 14, 30]. As such, it is difficult, if not 
impossible, to link a particular garment pressure or profile 
to a particular performance or recovery outcome. In the cur-
rent study, peak pressures at the ankle for the symmetrical 
garment were within Class three of the clinical compres-
sion standards and within clinical standards over 55 to 60% 
of the leg length. Similarly, peak pressures at the ankle 
for the control garment were below clinical compression 
standards for both legs. Hill et al. [31] showed that medical 
grade II compression stockings, which elicited pressures of 
24.3 ± 3.7 mmHg and 14.8 ± 2.2 mmHg at the calf and thigh, 
respectively, improved maximal voluntary contractions and 
counter-movement jump recovery (P < 0.05). These peak 
pressures are similar to those elicited by the symmetrical 
garment in the current study.

The current study sought to develop compression gar-
ments that provided the same fitting between a participants’ 
legs, as well as between participants within the same gar-
ment condition. This was achieved as evidenced by the pres-
sure gradients between legs showing absolute differences 
of only 1.4 and 2.7 mmHg for the control and symmetrical 
garments, respectively, and the corresponding absolute dif-
ferences in peak pressure at the ankle were also small (0.6 
and 0.2 mmHg, respectively). Previous research has found 
size and symmetry differences between legs, in male cyclists 
of up to 2% at the calf and knee [21]. As commercially avail-
able compression garments are made assuming the geometry 
of both legs is the same, this may lead to an inconsistent fit 
on an individuals’ legs. The studies that have measured the 
pressure elicited by a compression garment, only measured 
pressure on one leg [20, 32, 33] or did not report pressure 
data between legs [31, 34, 35], which presents a challenge 
when comparing the current results to previous research. 
However, any effect of leg asymmetry and between partici-
pant differences was not a factor in the current study, as the 
made-to-measure compression garments were individually 
designed and made for each participant. The RMS differ-
ence for the fit of each garment showed a good fit between 
legs within each garment condition (control: < 2.1 mmHg; 
symmetrical < 2.5 mmHg) as well as between participants 

Fig. 2   Pooled data presenting pressure profiles for the left and right 
legs in the a control, b asymmetrical and c symmetrical compression 
garment conditions. Class one (14–17  mmHg) clinical compression 
threshold indicated by light grey shading, Class two (18–24 mmHg) 
clinical compression threshold indicated by medium grey shading and 
Class three (25–35 mmHg) clinical compression threshold indicated 
by dark grey shading (BS-6612; 1985). The dashed trendline corre-
sponds to the left leg pressure gradient and the filled trendline cor-
responds to the right leg pressure gradient

▸
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(control: 1.5–3.5 mmHg; symmetrical: 1.2–6.3 mmHg; 
asymmetrical 1.5–4.5 mmHg). These results demonstrate 
that made-to-measure compression garments can compen-
sate for leg asymmetry and participant-specific differences.

Compression garment manufacturers claim that their 
garments elicit graduated compression, whereby the high-
est pressure is located at the distal end of the garment and 
reduces proximally [1]. Therefore, peak pressure would be 
located at the ankle when wearing lower body compres-
sion garments. It has been found that in undersized, recom-
mended sized and oversized commercially available com-
pression tights, peak pressure was located at the maximal 
circumference of the calf [20]. As a result, a linear pressure 
gradient was not present within the examined compression 
garments. This means that standard-sized commercially 
available compression garments may not elicit a pressure 
gradient suitable to aid venous flow. In the current study, 
as intended, a linear pressure gradient was evident within 
the symmetrical garment as peak pressure was located at 
the ankle and this reduced linearly towards the gluteal fold. 
In clinical practice, when wearing a compression garment, 
it is recommended that pressure at the thigh is 40% lower 
than at the ankle [36]. This pressure gradient is proposed to 
increase arterial pressure and subsequently elevate venous 
return, thus reducing venous pooling in the lower extremi-
ties [36]. In the current study, pressure in the symmetrical 
garment reduced by > 80% at the gluteal fold from peak pres-
sure at the ankle. However, there is no evidence to suggest 
that the pressure gradients used in clinical practice provide 
performance or recovery benefits when applied in healthy 
sports participants. In addition, while a range of elicited 
pressures have been reported at different leg locations for 
commercially available compression garments (19.0 to 
30.0 mmHg at the ankle, 17.6 to 25.0 mmHg at the calf and 
9.1 to 18.0 mmHg at the thigh), typically these pressures 
have not been measured in participants whilst wearing the 
compression clothing [37]. An advantage with the made-to-
measure garments used in the current study is that they can 
be adjusted to elicit different pressures and pressure gradi-
ents, which could be useful for future research to determine 
whether wearing compression garments influences exercise 
performance and recovery.

At the time the current study was conducted, the 
Kikuhime pressure monitoring device was an established 
method for measuring the pressures elicited by compres-
sion garments [23, 38]. Recent research has challenged 
the validity of the Kikuhime pressure monitoring device 
and recommended the use of an alternative device (Pico-
Press) [39]. The study by McManus and colleagues [39] 
clearly demonstrated that the Kikuhime pressure monitor-
ing device overestimated criterion pressure (as established 
using the Hohenstein System) by 2.9 mmHg (compared with 
0.2 mmHg for the PicoPress pressure monitoring device). 

However, in the other two analytical methods of assessment 
used in the study to compare the pressures derived from 
the measuring devices with a criterion (that is Bland and 
Altman’s limits of agreement [40] and regression analysis), 
the Kikuhime pressure monitoring device outperformed the 
PicoPress device when the measurements were made at the 
posterior aspect of the calf and the compression garments 
being worn were tights (Kikuhime vs. PicoPress: Limits of 
Agreement, ± 4.2 vs. ± 4.9 mmHg; Regression slope param-
eter estimate 0.2 vs. 1.31). Given: (1) the smaller limits of 
agreement and slope parameter noted above; (2) that the 
differences measured in the current study were > 3 mmHg; 
and (3) that all pressure measurements were made along the 
posterior aspect of the leg as recommended by [39]; it can 
be concluded that the Kikuhime pressure monitoring device 
was adequate for making the measurements here. Another 
recent study [41] noted that the dimensions of the air-filled 
sensor on a pressure monitoring device may influence the 
accuracy of the pressure measurement, and the PicoPress 
has a relatively large sensor area (50 mm) which may limit 
its ability to measure pressure accurately on small or curved 
areas. Conversely, the Kikuhime device has a smaller sensor 
area (38 × 30 mm) which makes it more suitable for measur-
ing pressure on areas with high curvatures that are found on 
parts of the human leg (e.g. Achilles tendon).

5 � Conclusion

The current study demonstrated that made-to-measure com-
pression garments can be made to elicit pressures within and 
below clinical compression standards, and elicit equivalent 
pressures and pressure gradients in different participants. 
The results suggest that made-to-measure compression gar-
ments could be used within sport to provide an optimum fit 
between and within individuals using measurements from 
individuals’ bodies rather than generic manufacturer siz-
ing. Further research is warranted to investigate the effect 
of made-to-measure compression garments on exercise per-
formance and recovery.
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