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Original Research Report

Does an alternative breast support garment provide
symptomatic relief for larger breasted women with
chronic non-specific back pain?
Lauren Haworth1 , Karen May2 , Jessie Janssen3 , James Selfe4 and Ambreen Chohan1

Abstract
Background: Nonsurgical guidelines recommend implementing a correctly fitted bra when managing back pain among larger
breastedwomen. Achieving this is challengingwith current bra solutions, sizing principles, and fitting approaches. Persistent wearing of
an ill-fitting bra can cause negative health implications, including non-specific back pain.
Objectives: This study investigated immediate and short-term biomechanical and pain responses to changing breast support
garment among larger breasted women with non-specific back pain.
Methods:Participants (n5 24) performed a standing task, drop jumps, and seated typing tasks while bra and spinal kinematic data
were recorded. Five breast support conditions were assessed: participants’ usual bra (control), a professionally fitted bra in the
immediate term (standard) and after 4 weeks wear (standard28), and a bra with an alternative design, measurement, and fitting
approach in both the immediate term (alternative) and after 4 weeks wear (alternative28). A bra fit assessment and clinical pain/disability
questionnaires were included.
Results: All participants failed the bra fit assessment in the control bra, compared with 87.5% (n 5 21) in the standard and 4.2%
(n5 1) in the alternative bras. The standard28 and alternative28 bras provided symptomatic relief, with the alternative28 bra improving a
greater number of outcome measures. Reduced nipple-sternal-notch distance was observed only in the alternative28 bra condition.
Conclusions: Symptomatic relief may be associated with the resting position of the breast tissue on the anterior chest wall. The
alternative bra may provide potential clinical benefit if implemented as part of a nonsurgical or conservative pain management strategy.
Alternative breast support garments should be considered to provide solutions to the problems associated with traditional bras.

Keywords
back pain, rehabilitation, breast support, bra fit, bra biomechanics

Date received: 1 July 2022; accepted 20 July 2023.

Background

Larger breasted women (D6) regularly seek medical assistance for
symptoms associated with chronic back pain.1,2 The prevalence of
chronic back pain among larger breasted women may increase due
to the continuously increasing average bra size.2 Current treatment
strategies for this patient group are mostly surgical, although
specific eligibility criteria limit accessibility to reduction surgery

through theNationalHealth Service (NHS).3 Because theNHSdoes
not record the annual number of patients who are denied surgery,
the number of larger breasted women living with chronic back pain
is not known.

Conservative strategies for managing chronic back pain among
larger breasted women recommend the introduction of a correctly
fitted bra.3 Between 75% and 100% of women wear the wrong-
sized bra daily, regardless of whether they have used a professional
bra-fitting service,4-6 and this highlights the challenge of achieving
correct bra fit with current standard solutions. It has been suggested
that synergies may exist between the development of non-specific
back pain (NSBP) and wearing an ill-fitting bra.6-8 However,
whether it is breast size or bra fit that contributes to the development
of chronic back pain remains unknown. Proposed causal mecha-
nisms for the development of NSBP among larger breasted women
who fail to correctly support their breasts relate to compensatory,
mechanical postural changes at the thoracic region, due to the heavy
load of the breasts on the anterior chest wall.1 Wearing a sports bra
to achieve symptomatic relief through increased support has been
advocated, and it has been hypothesized that implementing a
correctly fitting bra may lead to improvements comparable with
surgical intervention,4 but this is yet to be confirmed.

This study explores changes in painful symptoms in response to
a short-term conservative intervention implementing different
breast support garments. This study aimed to explore how
different breast support garment designs affect bra fit quality,

1Allied Health Research Unit, University of Central Lancashire, Preston, United
Kingdom
2School of Medicine, University of Central Lancashire, Preston, United Kingdom
3Institute of Therapeutic and Midwifery Sciences, IMC University of Applied Science
Krems, Krems an der Donau, Austria
4Health, Psychology and Communities, Manchester Metropolitan University, Man-
chester, United Kingdom

Corresponding author:

Lauren Haworth, Allied Health Research Unit, University of Central Lancashire, Brook
Building BB121, Preston, Lancashire PR1 2HE, United Kingdom. Email: LHaworth6@
uclan.ac.uk

Associate Editor: Cleveland Barnett

Copyright © 2023 The Authors. Published by Wolters Kluwer incorporated on behalf
of The International Society for Prosthetics and Orthotics. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to
download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.

DOI: 10.1097/PXR.0000000000000277

Haworth et al. www.POIjournal.org 1

D
ow

nloaded from
 http://journals.lw

w
.com

/poijournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 10/17/2023

https://orcid.org/0000-0002-1718-6564
https://orcid.org/0000-0001-9621-8466
https://orcid.org/0000-0002-5961-2736
https://orcid.org/0000-0001-9931-4998
https://orcid.org/0000-0003-0544-7832
mailto:LHaworth6@uclan.ac.uk
mailto:LHaworth6@uclan.ac.uk
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/PXR.0000000000000277
www.POIjournal.org


painful symptoms, and biomechanical parameters of breast
support and posture among larger breasted women with chronic
NSBP.

Methods

The University Ethics Committee approved this study (STEMH241),
and written informed consent was obtained.

Participants

The sample size calculation was based on studies that have used a
Numerical Pain Rating Scale as an outcome among individuals
with chronic back pain tomeasure responsiveness to a conservative
intervention.9,10 A sample size calculation suggested that 19
participants were required to detect a significant difference of 1.4
with a standard deviation of 1.3 at the 5% significance level with
90% power.

Initial eligibility criteria stipulated that participants had to be
female, aged older than 18 years – 50 years and not yet
experiencing menopausal symptoms, with chronic NSBP, and a
bra cup size D1. A screening process was implemented to exclude
anybody with indicators of potentially serious pathology.11

Pregnant and breastfeeding women or those with a history of
breast surgery were also excluded.5,10,12,13

Study design

This study was a crossover intervention study, where all
participants were exposed to all interventions. Data collection
comprised 3 sessions over 8 weeks. Data collection sessions were

conducted in the University’s motion analysis laboratory and were
separated by two, 4-week intervention phases (Figure 1). Each
intervention period incorporated 1 of 2 different breast support
garments, the order of which was randomized among participants,
using permuted block randomization.14 An intervention period of
4 weeks was considered suitable based on previous studies
investigating conservative interventions to improve posture and
symptoms of chronic back pain.10,15-17

Breast support conditions

Three breast support garments generated 5 breast support
conditions within this study: (1)Control—participants’ own usual
bra; (2) Standard—a brand new professionally fitted bra (full
cupped, with straps, not a sports bra), which reflects a traditional
bra; (3) Standard28—the standard bra after a 4-week intervention
period; (4) “Alternative”—a brand new breast support garment,
which adopts an alternative approach to measurement, sizing, and
fitting (Optifit, Saddleworth, United Kingdom; Figure 2); and (5)
“Alternative28”—the alternative bra after a 4-week intervention
period. To offer ecological validity to the study, the Standard bras
were fitted at high street retail stores who offered a professional
bra-fitting service by bra fitters who were blinded to the study. To
emphasize, the Standard bra condition used a professional bra-
fitting service, but this did not guarantee correct fit.

The alternative intervention implemented a different measure-
ment, sizing, and fitting approach. Predominant differences
compared with a traditional bra are as follows:

1. Measurement: 3 anthropometric measurements are
taken to generate a bra size rather than 2 measurements
as per the standard bra.

Figure 1. Consort diagram.
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2. Design: a patented wire-free technology, a diagonally
positioned underband that supports the breasts high
under the inframammary fold and transfers the breast
weight from the thoracic to lumbar region with a lower
posterior band.18

Protocol

A 10-camera motion capture system (Qualisys, SE) was used to
record bra and intersegmental spinal kinematics,13 during
upright standing, sitting, and a drop jump task from a 20-cm
high step.13 A review of previous breast biomechanics research
suggests that the supportive capabilities of a bra can be best
determined using an activity that induces vertical breast
displacement,19 and therefore, a vertical drop jump task was
considered a suitable task to include.

Retroreflective markers were applied bilaterally over the
acromions, anterior superior iliac spines, posterior superior iliac
spines, calcanei, and suprasternal notch. Spinal marker clusters
were positioned at C7,T7, L3, and L5 to define 4 spinal segments;
upper thoracic, lower thoracic, upper lumbar, and lower
lumbar.13,20 A 4-marker pelvic cluster was also included within
the marker set to ensure marker visibility.

For the bra-related kinematic data, the first marker of the
breast cluster was placed directly over the nipple, guided by the
participant. To standardize the breast marker placement, a
template was used to ensure that markers were placed equidistant
around the central nipple marker. Although analysis of breast
displacement is not a new concept, published research generally
tends to use only 1 nipple marker to assess the displacement of
the whole breast.21-23 It has been identified that although a
single nipple marker suitably represents whole breast motion,24

recent research recommends the use of a breast marker set rather
than a single nipple marker to enable capturing of complex
breast motion.19 Therefore, the breast marker cluster combined 5
markers.

Bra fit assessment

A bra fit assessment was conducted by the researchers in all 3 bras
(control, standard, and alternative) to evaluate bra fit quality. The
assessment considers the fit of component parts of the bra (cup,
band, straps, underwire) against set criteria and has been used in
previous breast-related research.5,13,25 Identification by the re-
searchers of 1 or more bra fit issues resulted in a failed assessment,
indicating incorrect bra fit.5,13,25

Participant-reported outcome measures

Participant-Reported OutcomeMeasures (PROMs) were collected
at baseline (reported as the control condition), to understand
symptoms before intervention, and after the 2 intervention periods
(standard28 and alternative28). Three validated painmeasureswere
used: (1) body chart pain location analysis1,26-29; (2) Numerical
Rating Scales (NRS)10,30-32 for back pain, stiffness, and discom-
fort; and (3) Short-Form McGill Pain Questionnaire 2 (SF-MPQ-
2).33,34 Two functional disability outcomes were used: (1) Neck
Disability Index (NDI)32,35 and (2) World Health Organization
Disability Assessment Schedule 2.0 (WHODAS 2.0).36

Data processing and analysis

Kinematic data were collected using Qualisys Track Manager
(QTM v2.13; Qualisys AB, Sweden). Raw coordinate data were
imported into Visual 3D (Version 6.01.08, C-Motion, Maryland)
in c3d format for processing.

Nipple-Sternal-Notch (NSN) distance was recorded as a
measure of static breast position. In Visual 3D, left and right
nipple marker signals were subtracted from the sternal notch
marker in theX, Y, andZ axis. Data were exported intoMicrosoft
Excel 2016 (Microsoft Corp) where the mean and standard
deviations were calculated from the normalized data. NSN
distance was then calculated, in centimeters, using the three-
dimensional Pythagorean equation.13

All remaining kinematic measures were calculated using the
local coordinate system of 1 marker cluster relative to the local
coordinate system of another marker cluster; the axis conventions
for each marker cluster are shown in Figure 3. From the drop jump
data, bra displacementwas calculated in 3 directions: mediolateral,
anterior-posterior, and superior-inferior. The locations of the left
and right breast marker clusters were calculated relative to the
lower thoracic marker cluster from when the participant’s feet left
the step to the point at which the anterior superior iliac spine
markers ceased moving upward after landing. The left and right
breasts were selected as the targeted segments, with the reference
segment and resolution coordinate system set as the lower thoracic
segment. The X, Y, and Z data signals were exported into
Microsoft Excel where minimum and maximum values for the 3
signal components were calculated. To determine the displacement
in each direction, the difference between minimum and maximum
values was calculated.

Intersegmental spinal posture was calculated for standing and
sitting postures.13 The position of each spinal marker segment
relative to another was identified during five 2-s measurements
throughout the duration of a 30-s standing and typing task.32 Five
measurements were included to ensure stability of the data over

Figure 2. The alternative bra (www.optifitbra.com). Reprinted with permis-
sion from Optifit Bra Company Ltd.
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time. Intersegmental spinal analysis focused on relative position
between upper thoracic region relative to the lower thoracic region,
upper lumbar region relative to the lower lumbar region, and lower
lumbar region relative to the pelvis.

Changes in intersegmental spinal posture were calculated in 3
movement planes: flexion/extension (X), left/right side flexion (Y),
and left/right rotation (Z).13 Spinal analysis using the torso as a
single segmentwas also conducted by assessing the trunk’s position
relative to the pelvis, as described in full elsewhere.13

Responses to the PROMs were processed in Microsoft Excel
(Microsoft Corp). Body chart pain location analysis was reported as
a prevalence (%) per region of interest (cervical, thoracic, and
lumbosacral); the number of participants who experienced pain in
this region. Change in NRS score in response to the interventions
were calculated as percentage change and total point change; a
Minimal Clinically Important Change (MCIC) of 15%was required
for clinical relevance.30 For the SF-MPQ-2, 4 subscale scores
(continuous, intermittent, affective, and neuropathic), and a total
score was calculated as per the standardized scoring method.34

Responses to the NDIwere coded from 0 to 5 and presented as a
total score.With anMCIC of 5 points, for intervention effects to be
considered clinically relevant, a minimum change of 5 points or
10% difference was required for clinical significance.35 Responses
to the WHODAS 2.0 were quantified (from none, “1, to extreme,
5”) and presented as a total score.

Statistical analysis

Due to the number of outcomes included within this study, only
significant findings are reported in this article. Kinematic data for
both bra and intersegmental spinal data, which were parametric
data, were analyzed using repeated measures analysis of variance.
The bra-related data considered the effect of both side (left/right)
and breast support condition (control, standard, standard28,
alternative, and alternative28) while the spinal data considered
the effect of condition only.

Changes in the prevalence of pain by location were analyzed
using Friedman tests with post hoc Wilcoxon signed rank tests.
Friedman tests with post hocWilcoxen signed rank tests were used
to assess within (standard/standard28, alternative/alternative28)
and between (control, standard28, alternative28) bra differences of
the ordinal NRS data. Short-form McGill Pain Questionnaire 2,
WHODAS, and NDI data were considered continuous; repeated
measures analysis of variance tests with post hoc pairwise
comparisons were conducted. Statistical significance was set at
P , 0.05.

Results

Twenty-four participants were included in the study (Table 1).
Eleven participants (46%) were professionally fitted with the same
band size as the control bra, while 7 (28%) were given a larger
band size in the standard bra and 6 (25%)were given a smaller size.
For cup size, 3 (12%) participants had the same cup size in both
bras, 15 (63%) had increased cup size in the standard bra, and 6
(25%) had reduced cup size. Analysis of the alternative bra sizes
was not applicable due to its unique sizing approach.

Bra fit assessment

All the control bras (n 5 24) failed the bra fit assessment, and 21
(88%) of the standard bras and 1 (4%) of the alternative bras failed
because of loose straps that could not be adjusted to achieve an
acceptable fit. In the control bras, 73 bra fit issues were identified
among 24 bras, with all but 1 bra presenting with multiple bra fit
issues. The most common bra fit issues in the control bras were a
tight band (58%), the front band not being in contact with the
sternum (46%) and large cups (42%). In the standard bras, there
were 42 bra fit issues among 24 bras, with 15 bras presenting with
multiple bra fit issues. The most common bra fit issues in the
standard braswere a tight band (54%), large cups (33%), and tight
straps (42%).

Bra kinematics

NSN distance

Of the 24 participants recruited to the study, 21 (88%) permitted
recording of bra kinematics (Table 2).While therewas no significant
effect of side in NSN distance (P 5 0.297), there were significant
interactions between breast support conditions; immediately, the
standard bra significantly reducedNSN distance compared with the
control bra by 0.7 cm (P5 0.014). The alternative bra significantly
reduced NSN distance both immediately (1.2 cm, P 5 0.000)
and after 4 weeks wear (0.7 cm, P 5 0.030) compared with the
control bra.

Figure 3. Axis conventions of each marker cluster.

4 Volume 00·Number 00·2023 Prosthetics and Orthotics International

D
ow

nloaded from
 http://journals.lw

w
.com

/poijournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
y

w
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 10/17/2023



Bra displacement

There was no significant effect of side in mediolateral, anterior-
posterior, and superior-inferior bra displacement (P. 0.05). There
were significant interactions between breast support conditions,
but only in the superior-inferior direction; the control bra
significantly reduced breast movement compared with the
standard bra (0.5 cm, P 5 0.030) and standard28 (1.0 cm, P 5

0.008). The alternative bra also immediately significantly reduced
superior-inferior displacement compared with the standard bra
(0.6 cm, P 5 0.009).

Standing posture

At the lumbo-pelvic region, posture was significantly affected
only in the frontal plane (Table 3); participants presented with a
more left laterally flexed position in the standard28 condition
compared with the control bra (0.2 degree difference, P 5

0.015). The alternative28 placed participants in a right laterally
flexed position, significantly different to the effects of the
standard28 (2.4 degree difference, P 5 0.011). When consider-
ing the position of the trunk relative to the pelvis, the standard
bra significantly reduced trunk flexion when first put on,
compared with both the control bra (5.1 degree difference, P 5

0.005) and alternative bra (4.1 degree difference, P 5 0.036).

PROMs

Body chart pain location analysis

The body chart pain location analysis revealed that in the
control bra, 6 (25%) participants reported pain in the cervical
region (Figure 4). Before wearing the standard bra, 2 (8%)
participants reported cervical region pain; this increased
significantly (P 5 0.046) to 6 (25%) participants post-
intervention (standard28). Pain among participants was most
prevalent at the thoracic region; in the control bra, 22 (92%)
participants reported pain. Before the standard bra interven-
tion, 19 participants had thoracic region pain, compared with
22 postintervention (16% increase). The alternative bra
significantly reduced prevalence of pain by 36% (P 5 0.011)
compared with the control bra. The alternative bra also
significantly reduced prevalence of pain at the lumbar region
by 37% (P 5 0.035) compared with the control bra.

NRS

For back pain NRS, there was no statistically significant
change throughout (P 5 0.056; Figure 5). However, with an
MCIC of 15%,30 a pain reduction of 23% between the
control bra and the alternative28 indicates a clinically
important improvement. For back stiffness, the effects of
the breast support conditions were significantly different
(P 5 0.027). The alternative bra intervention significantly
reduced back stiffness by 34% (P 5 0.010). The alternative
bra also significantly reduced back stiffness compared with
both the control (P 5 0.003, 42%) and the standard28 (P 5

0.017) garments. Changing breast support garment had no
statistically significant effect on back discomfort NRS scores
(P 5 0.068), although there were clinically important
reductions when comparing the standard28 and alternative28
with the control bra with reductions of 23% and 22%,
respectively.

SF-MPQ-2

There were significant differences in pain in the continuous
(P5 0.007) and intermittent (P5 0.018) subscales and total pain
scores (P 5 0.004) because of changing breast support garment
(Figure 6). In the continuous pain subscale, the alternative bra
significantly reduced pain by 44% compared with the control bra
(P5 0.000). The intermittent pain subscale reported that both the
standard bra and the alternative bra significantly reduced pain
compared with the control bra (P , 0.018). Total pain scores

Table 1. Participant demographics and
measurements—mean (SD) and range (n 5 24).

Measurement Mean (SD) Range

Age (y) 31.5 (8.8) 20–46

Height (m) 1.7 (0.06) 1.58–1.83

Weight (kg) 85.6 (21.7) 63.00–154.50

Body mass index (kg/m2) 30.80 (6.0) 22.72–46.13

Chest circumference (cm) 107.0 (10.3) 92.37–132.83

Waist circumference (cm) 90.6 (12.2) 71.67–113.33

Hip circumference (cm) 112.8 (13.6) 95.87–150.67

Waist-hip ratio 0.80 (0.07) 0.68–0.98

Control bra size (median)

Cup FF C—HH

Band 34 32–40

Standard bra size (median)

Cup FF DD—K

Band 36 30–44

Table 2. Mean (SD) NSN distances and breast displacement (cm). ML, AP, and SI breast displacement.

Control Standard Standard28 Alternative Alternative28
NSN distance (cm) Mean 23.1 (2.1) 22.4a (2.0) 23.1b,c (2.1) 21.9a (2.1) 22.4a,c (2.5)

Breast displacement (cm) ML 1.6 (0.7) 1.4 (0.6) 1.5 (0.8) 1.5 (0.5) 1.4 (0.6)

AP 1.4 (0.8) 1.7 (0.8) 1.5 (0.7) 1.4 (0.6) 1.5 (1.0)

SI 5.0 (2.0) 5.5a,c (1.8) 6.0a (2.4) 4.9c (2.2) 5.2 (2.7)
Abbreviations: AP, anterior-posterior; ML, mediolateral; NSN, nipple-sternal-notch; SI, superior-inferior.
aIndicates significance compared with control (control vs. standard, control vs. standard28, control vs. alternative, or control vs. alternative28).
bIndicates significance within bras (standard vs. standard28, alternative vs. alternative28).
cIndicates significance between intervention bras (standard vs. alternative, standard28 vs. alternative28).
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Table 3. Mean standard deviation change in intersegmental spinal posture in standing, comparing between breast support conditions.

Comparison Flexion-extension Side flexion Rotation

Upper thoracic relative to lower thoracic Standard vs. control 10.8 ° (38.5) 20.9 ° (5.6) 10.8 ° (3.8)

Standard28 vs. control 20.6 ° (12.8) 10.3 ° (6.9) 10.2 ° (3.2)

Standard28 vs. standard 21.5 ° (11.4) 11.2 ° (6.90) 20.6 ° (3.3)

Alternative vs. control 12.1 ° (12.6) 10.7 ° (4.9) 20.2 ° (2.6)

Alternative28 vs. control 21.9 ° (14.2) 20.5 ° (4.9) 10.7 ° (4.6)

Alternative28 vs. alternative 24.0 (12.3) 21.2 ° (4.1) 10.9 ° (3.3)

Standard vs. alternative 11.3 ° (13.0) 11.6 ° (6.5) 21.0 ° (3.5)

Standard28 vs. alternative28 21.2 ° (10.4) 20.8 ° (4.6) 10.5 ° (2.9)

Upper lumbar relative to lower lumbar Standard vs. control 21.3 ° (13.8) 11.3 ° (6.1) 10.3 ° (1.6)

Standard28 vs. control 23.0 ° (18.3) 20.1 ° (5.2) 27.1 ° (3.3)

Standard28 vs. standard 21.7 ° (22.3) 21.4 ° (5.9) 21.4 ° (2.8)

Alternative vs. control 10.2 ° (16.6) 10.9 ° (5.3) 10.7 ° (1.9)

Alternative28 vs. control 24.9 ° (18.9) 11.1 ° (6.7) 10.3 ° (3.2)

Alternative28 vs. alternative 25.0 (20.9) 10.2 ° (6.1) 20.4 ° (2.3)

Standard vs. alternative 11.5 ° (24.1) 20.4 ° (7.7) 10.4 ° (1.9)

Standard28 vs. alternative28 21.9 ° (15.5) 11.2 ° (5.3) 17.3 ° (2.5)

Lower lumbar relative to the pelvis Standard vs. control 11.1 ° (7.1) 12.0 ° (4.0) 0.0 ° (2.5)

Standard28 vs. control 15.4 ° (7.7) 20.2 ° (4.1)a 27.2 ° (3.2)

Standard28 vs. standard 14.3 ° (9.8) 22.2 ° (4.5)b 27.2 ° (4.1)a

Alternative vs. control 11.0 ° (9.4) 10.9 ° (4.0) 11.0 ° (4.2)

Alternative28 vs. control 21.8 ° (8.3) 12.2 ° (5.2) 10.1 ° (3.2)

Alternative28 vs. alternative 22.7 ° (9.5) 11.3 ° (5.1) 20.9 (4.6)

Standard vs. alternative 20.2 ° (11.0) 21.1 ° (4.8) 11.0 (4.4)

Standard28 vs. alternative28 27.2 ° (8.4) 12.4 ° (4.2)c 17.3 ° (4.3)

Trunk relative to the pelvis Standard vs. control 15.1 ° (8.1)a 20.9 ° (3.0) 20.1 ° (3.2)

Standard28 vs. control 12.1 ° (9.1) 20.2 ° (3.9) 20.6 ° (3.4)

Standard28 vs. standard 23.0 ° (6.9) 10.7 ° (3.4) 20.5 ° (4.0)

Alternative vs. control 11.0 ° (8.3) 10.5 ° (4.4) 10.5 ° (4.1)

Alternative28 vs. control 13.8 ° (11.5) 20.5 ° (3.9) 20.2 ° (4.0)

Alternative28 vs. alternative 12.8 ° (8.1) 21.0 ° (3.8) 10.7 ° (3.6)

Standard vs. alternative 24.1 ° (8.9)c 11.4 ° (3.7) 10.6 ° (3.8)

Standard28 vs. alternative28 11.7 ° (7.1) 20.3 ° (2.9) 10.4 ° (3.8)
Flexion-extension: 1 indicates movement towards extension, 2indicates movement into flexion.
Side flexion/rotation: 1 indicates movement to left, 2 indicates movement to right.
aIndicates significance compared with control (control vs. standard, control vs. standard28, control vs. alternative28).
bIndicates significance within bras (standard vs. standard28, alternative vs. alternative28).
cIndicates significance between intervention bras (standard vs. alternative, standard28 vs. alternative28).
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significantly reduced following the alternative intervention
compared with those observed using the control bra (P 5

0.012).

NDI

Changing breast support garment had a significant effect on
participants’ perceived level of disability (P5 0.001). The standard
bra reduced NDI score by 14% compared with the control bra, a
magnitude large enough to be of clinical significance.35 The
alternative bra significantly reduced NDI score (P 5 0.000) by
35% compared with the control bra; a change of significantly
greater magnitude than the standard (P 5 0.000).

Discussion

While current strategies for conservatively managing NSBP among
larger breasted women advocate the implementation of a cor-
rectly fitted bra, previous research consistently highlights how

problematic this is (Figure 7).4,5,13,37 The findings from this study
suggest that although the use of professional bra-fitting services
goes some way to improving bra fit quality, the incidence of ill-
fitting bras remains high, and alternative garment designs and
fitting approaches may afford more women to achieve correct bra
fit. This study also supports previous notions that addressing poor
bra fit may improve painful symptoms, which until now had not
been explored.4 While research investigating the impact of
nonsurgical interventions among individuals with back pain is
not lacking,31 this is the first conservative intervention study to
measure symptomatic change among larger breasted women.

Baseline pain measures suggest that the intensity of pain,
stiffness, and discomfort was of a mild severity38 with respective
mean NRS scores of 3.3, 3.5, and 4.1 of 10. The subscale pain
descriptor and total pain scores from the SF-MPQ-2 ranged from
0.6 to 2.2 of 10, with continuous pain reporting the most severe
rating. These 2 clinical measures alone provide a clear picture of
participants’ pain characteristics; mostly, symptoms are mildly
discomforting and of a continuous nature. At the start of the study,

Figure 4. The prevalence of pain per anatomical region. AB, alternative bra; CB, control bra; SB, standard bra.

Figure 5.Mean NRS scores for back pain, stiffness, and discomfort. BIndicates significance compared with CB. *Indicates clinically important change. CB,
control bra; NRS, numerical rating scale.
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when participants presented in their control bra, 25% of
participants reported pain at the cervical region, 92% at the
thoracic region, and 79% at the lumbar region. Potential causal
mechanisms of back pain among larger breasted women with ill-
fitting bras suggest that pain is most likely to be experienced at the
cervical and thoracic regions.4,7,39 Given that lifetime prevalence of
low back pain is 60%–70%40 a high prevalence among
participants was not surprising. Though the severity of pain at

baseline was mild, significant symptomatic improvement was
observed in line with bra fit improvement. The extent of
symptomatic relief seems to be related to the quality of bra fit;
the standard bra improved bra fit quality compared with
participants’ control bras, and some painful symptoms signifi-
cantly reduced. The alternative bra further improved bra fit
compared with the standard bra and in turn symptomatic
improvement was of a greater magnitude.

Figure 6.Mean subscale and total score for SF-MPQ-2. AIndicates significancewithin bras (standard vs. standard28, alternative vs. alternative28).
BIndicates

significance compared with control. *Indicates clinically important change. SF-MPQ-2, short-form McGill Pain Questionnaire 2.

Figure 7. An overview of the challenges faced by the bra purchaser and retailer (professional-fitting service) when trying to achieve correct bra fit among
larger breasted women.
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While the standard bra demonstrated clinically meaningful
reductions in back discomfort (23%), the alternative bra resulted
in clinically meaningful reductions in back discomfort (33%), pain
(23%), and stiffness (42%). Similar patterns were seen in the
results of the SF-MPQ-2; the standard bra significantly reduced
intermittent pain after 4 weeks, while the alternative bra
significantly reduced intermittent, continuous, and total pain
scores. The findings from these 2 clinical measures suggest that
although the use of a professional bra-fitting service (standard bra)
does result in symptomatic improvement, the alternative bra
intervention demonstrated a superior ability improve more
symptoms and to a greater extent.

To compare these findings with surgical approaches, significant
reductions in neck and upper back pain NRS scores have
previously been reported 6 months after breast reduction
surgery,41 and significant reductions (58%–77%) in the preva-
lence of pain at different anatomical locations have also been
observed 9 months postoperatively.42 These findings, however,
reflect a more longitudinal review of symptomatic improvement,
while this study measures symptomatic change in the short-term.
Although a nonsurgical approach may not be suitable for all larger
breasted women with back pain, considering alternative breast
support garments as a nonsurgical approach initially may be
appropriate during the decision-making process for determining
the need for surgical intervention. Implementation of a correctly
fitted bra may provide an effective and accessible alternative for
thosewomenwho do notwish to have surgery, who do not fit NHS
eligibility criteria, or who cannot afford private health care.

Analysis of pain by location revealed that the alternative bra
significantly reduced the number of people reporting pain at the
thoracic region by 36% compared with the control bra, while the
standard bra had no effect on the prevalence of pain at the thoracic
region. The main design difference of the alternative bra is the
positioning of the underband posteriorly. In a traditional bra, the
underband’s function is to extend horizontally around the torso to
keep the bra in place and support the weight of the breasts from
underneath to reduce the strain through the straps.6 Within the
design of the alternative bra, the underband is positioned much
lower posteriorly, underneath the 12th rib at the lumbar region. In
the alternative bra, significant reductions in the prevalence of pain
at the thoracic region were observed, without leading to an
increase in prevalence of pain at the lumbar region; by contrast, a
reduction of 33% was observed. Reductions in thoracic pain
prevalence in the alternative bra may be associated with changing
the design of the underband, and therefore, the underband no
longer extends horizontally around the body to support the weight
of the breasts from underneath, and as such, the strain on the
thoracic region is reduced.

Potential reasoning for significant symptomatic improvement in
the alternative bra relate to changing the resting position of the
breast tissue on the anterior chest wall (NSN distance) resulting in
changes in muscle length and resting tension. When the body is
exposed to sustained passive postural positioning, a strain
(unsupported or poorly supported breast weight in this case)
combines with gravity to create a sustained, direction-specific
loading mechanism.43 Over time, this strain-loading mechanism
may result in muscular imbalances; abnormal overpull anteriorly
and underpull posteriorly, eventually leading to stretch weakness

and pain in the posterior aspect of the torso,43 specifically the
scapular elevators and protractors.7 Stretch weakness can be
rehabilitated through relieving resting tension, shortening muscle
length, and restoring optimal resting length and tension. This study
identified that the alternative bra positioned the breasts higher on
the anterior chest wall both initially and after an intervention
period compared with the remaining conditions, as evidenced by
the NSN distance findings. If the breast is positioned higher on the
anterior chest wall through improved external breast support, the
sustained direction-specific loading mechanism may be reduced
through minimizing the strain acting on the body. Given that the
additional support offered by the alternative bra was sustained
over 4 weeks, the effects of the strain-loading mechanism was
reduced because at least some of the breast weight was absorbed by
a correctly fitting bra.

The statistically significant changes observed in NSN dis-
tance measures were of very small magnitude (0.7–1.2 cm), in
combination with significant symptomatic relief, suggesting that
only a small degree of change may be required to provide clinically
meaningful symptomatic change. Although this requires further
work, the potential for these findings to be translated into clinical
practice during the implementation of conservative measures such
as implementing correctly fitting breast support garments among
larger breasted women with NSBP is possible due to the use of
a clinical measure as an objective measure of external breast
support.

Conclusions

Through a combination of improving bra fit quality and altering
the resting position of the breast tissue on the anterior chest wall at
rest, the results from this study demonstrate that implementation
of an alternative bra can significantly relieve symptoms of NSBP
among larger breasted women, more effectively than current
standard solutions. As such, alternative approaches to achieving
correct bra fit could be considered in the future. This study
provides evidence that if a correctly fitted bra can be implemented,
symptomatic relief can in fact be obtained conservatively, and
looking ahead, this may be a positive foundation onwhich to build
future research to improve patient care and the management of
larger breasted women with NSBP.
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