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Effects of obesity on breast size, thoracic spine structure and function, upper
torso musculoskeletal pain and physical activity in women

Abstract

Purpose: This study investigated the effects of obesity on breast size, thoracic spine structure and
function, upper torso musculoskeletal pain and physical activity participation in women living
independently in the community. Methods: A total of 378 women were divided into 3 groups (Not
Overweight: body mass index (BMI) = 22.5 + 0.2 kg/m2 (mean * SE); Overweight: BMI = 27.4 + 0.3 kg/m2;
Obese: BMI = 35.4 + 0.3 kg/m2). Outcome variables of breast volume (mL), thoracic flexion torque (Nm),
thoracic kyphosis (degrees), upper torso musculoskeletal pain (score) and time spent in physical activity
(min) were calculated and compared among the 3 groups, adjusting for between-groups differences in
age. Results: There was a significant main effect of BMI on all outcome variables. Participants classified
as Obese displayed significantly larger breasts, had greater thoracic flexion torques and reported less
time participating in physical activity relative to the participants who were classified as Not Overweight
and Overweight. Participants in the Obese group also displayed significantly more thoracic kyphosis and
reported significantly more upper torso musculoskeletal pain compared to their counterparts who were
classified as Not Overweight. Conclusion: This study is the first to demonstrate that increased obesity
levels were associated with compromised kyphosis and loading of the thoracic spine, as well as
increased symptoms of upper torso musculoskeletal pain and reduced time spent in physical activity in
women living in the community. We recommend further research to determine whether evidence-based
interventions designed to reduce the flexion torque generated on the thoracic spine can improve these
symptoms of upper torso musculoskeletal pain and the ability of women with obesity to participate in
physical activity.
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Abstract

Purpose: This study investigated the effects of obesity on breast size, thoracic spine structure and function, upper torso musculoskeletal pain and
physical activity participation in women living independently in the community.

Methods: A total of 378 women were divided into 3 groups (Not Overweight: body mass index (BMI)=22.5 & 0.2 kg/m? (mean =+ SE); Over-
weight: BMI=27.4 + 0.3 kg/m?; Obese: BMI=35.4 + 0.3 kg/m?). Outcome variables of breast volume (mL), thoracic flexion torque (Nm), tho-
racic kyphosis (degrees), upper torso musculoskeletal pain (score) and time spent in physical activity (min) were calculated and compared among
the 3 groups, adjusting for between-groups differences in age.

Results: There was a significant main effect of BMI on all outcome variables. Participants classified as Obese displayed significantly larger
breasts, had greater thoracic flexion torques and reported less time participating in physical activity relative to the participants who were classi-
fied as Not Overweight and Overweight. Participants in the Obese group also displayed significantly more thoracic kyphosis and reported signifi-
cantly more upper torso musculoskeletal pain compared to their counterparts who were classified as Not Overweight.

Conclusion: This study is the first to demonstrate that increased obesity levels were associated with compromised kyphosis and loading of the
thoracic spine, as well as increased symptoms of upper torso musculoskeletal pain and reduced time spent in physical activity in women living
in the community. We recommend further research to determine whether evidence-based interventions designed to reduce the flexion torque gen-
erated on the thoracic spine can improve these symptoms of upper torso musculoskeletal pain and the ability of women with obesity to participate
in physical activity.

2095-2546/© 2019 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction worldwide since 1975,' with a significant increase particu-
larly in the prevalence of obesity among women,'" it is imper-
ative that individuals, especially women, are encouraged to
maintain an active lifestyle. This is because participating in

. . . . . . hysical activity together with having a healthy diet have been
mented increases in the relative risk of diabetes mellitus,’ phy y1og & y

. .. . . shown to be an effective strategy for reducing obesity'” and
hypertension and dyslipidemia,'” coronary heart disease,”” a £y £ Y

5 . . the associated higher risk of developing a wide range of nega-
range of cancers,” and most mood, anxiety and personality dis- . . . . .
tive physical and mental health issues detailed in numerous

orders,” ® as well as musculoskeletal problems such as load- . . 1214
induced osteoarthritis.” Given that obesity has nearly tripled review articles.
’ To be able to maintain an active lifestyle and enjoy the

health benefits associated with participating in physical activity,

Peer review under responsibility of Shanghai University of Sport. ‘,:he Stmcmral,framework of the body should not be unnecessar-
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Obesity has been consistently associated with the develop-
ment of an extensive range of detrimental physical and mental
health issues. These issues include, for example, well-docu-
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daily living and recreation with ease, deviations from normal
structure or alignment can compromise function, which can in
turn cause discomfort, pain and, in some cases, an inability to
participate in physical activity."

Extensive research has shown that obesity can negatively
impact upon the structure and function of the musculoskeletal
system, particularly the feet and lower limbs. For example,
individuals with obesity across the age-spectrum have been
found to have broader, thicker and flatter feet than their coun-
terparts who are not obese.'® * Individuals with obesity have
also been found to generate significantly higher plantar pres-
sures when standing and walking”'** and to alter their feet
and lower limb biomechanics during walking relative to indi-
viduals who are not overweight.”” *' The need for individuals
who are overweight and obese to continually bear excess body
mass has also been associated with the development of muscu-
loskeletal pain and discomfort in the feet.”> " In fact, these
higher plantar pressures generated during walking by children
with obesity have been significantly associated with reduced
physical activity and more time spent in sedentary behavior,
most likely due to foot pain and discomfort experienced during
weight-bearing activities.”>*® This creates a vicious cycle
whereby the reduced participation in physical activity by indi-
viduals who are already obese will subsequently perpetuate
their obesity.

Clinical data have confirmed that adults with obesity also
report a significantly greater prevalence of musculoskeletal
pain than individuals who are not obese,” particularly in lower
limb joints, as well as the neck and back.”**” McCarthy et al.*’
examined the relationship between chronic pain and obesity in
a cohort of 840 older individuals (mean age = 80 years, range
70—101 years) who were systematically sampled from an elec-
toral list. Although pain was most commonly experienced in
the legs and feet (44.8%; grouped together), 39.8% of the
cohort reported back pain and 31.2% reported neck and shoul-
der pain. Compared to participants classified as normal weight
(body mass index (BMI) = 18.5—24.9 kg/m?), the participants
with obesity (BMI =30.0—34.5 kg/m?) were twice as likely to
report chronic pain, whereas participants with severe obesity
(BMI > 35 kg/m?) were more than 4 times as likely to report
chronic pain. Furthermore, individuals grouped in higher BMI
categories reported a significantly higher number of painful
body locations and more frequent and severe pain than their
counterparts with lower BMI values. The authors speculated
the association between chronic pain and obesity was likely
due in part to the greater mechanical loading of weight-bearing
structures over a long period of time because of excess body
mass, together with an increase in inflammatory markers asso-
ciated with obesity. "’

Although comprehensive reviews of the effects of obesity
on mechanical loading of the lower extremities and lower
back are available,”' ~* only limited research has investigated
the effects of obesity on mechanical loading of the upper torso
and how this might impact upon upper torso musculoskeletal
structure and function. One factor likely to impact upon upper
torso loading is breast size and the relative location of the
breasts on the trunk.** Several studies have established that
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breast size is significantly associated with obesity, whereby
women with higher BMI values have larger breasts™ ' that
are more ptotic and splayed further away from the midline of
the torso than the breasts of women with lower BMI values.**
Furthermore, large breast size has been associated with an
increased prevalence and severity of musculoskeletal pain,
particularly pain in the upper torso.”**”" Because the struc-
ture and function of the musculoskeletal system are inter-
related, increased upper torso musculoskeletal pain among
women with large breasts is thought to reflect compromised
function caused by structural changes to the musculoskeletal
system, mainly changes to the vertebral column.”” >° That
is, increased loading of the spine caused by the weight of
large breasts anterior to the torso will increase the flexion
torque acting on the thoracic spine.”’ Over a sustained
period of time, an increased thoracic flexion torque is
likely to increase thoracic kyphosis, which in turn can lead
to secondary changes in cervical lordosis, increased tension
in the neck extensor muscles, reduced thoracic extensor
muscle endurance strength and an increased experience of
musculoskeletal pain.”’ >’

Whether increased breast size on the anterior chest wall
affects loading of the thoracic spine in women with obesity,
and whether this impacts upon their upper torso musculoskele-
tal pain and ability to participate in physical activity, has not
yet been investigated. Therefore, the aim of this study was to
investigate the effects of obesity on breast size, thoracic spine
structure and function, upper torso musculoskeletal pain and
physical activity participation in a large cohort of women who
were living independently in the community. We hypothesized
that the larger breasts of women with obesity would generate
high flexion torques about the thoracic spine leading to
increased thoracic dysfunction, increased upper torso muscu-
loskeletal pain and decreased time spent participating in physi-
cal activity.

2. Materials and methods
2.1. Participants

A total of 378 Australian women aged 18 years and over
who lived in the community volunteered to participate in this
study. These participants were recruited by advertising the
study widely via the media (i.e., television, radio and newspa-
pers), across all sectors of the University of Wollongong
(i.e., students, general staff, and academic staff) and through
Women’s Health Centers. Women were excluded from partici-
pating in the study if they were pregnant or breast feeding,
because both can affect breast volume. They were also
excluded if they had epilepsy that could be induced by the
flashing light of a scanner (described below) or were unable to
assume the scanning position required to measure breast vol-
ume. The women provided written informed consent before
participating in the study. All testing was conducted according
to the National Health and Medical Research Council State-
ment on Human Experimentation,”* and all testing procedures
were approved by the University of Wollongong Human
Research Ethics Committee (HE 13/424).
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Obesity, breasts, pain and physical activity

To determine the effects of obesity on the outcome varia-
bles described below, the participants were divided into 3
groups based on the World Health Organization’s international
BMI classifications (Not Overweight: 18.5—24.9 kg/m?, Over-
weight: 25.0—29.9 kg/m?, Obese: > 30.0 kg/m?).>> BMI cal-
culated using the Quetelet index (body mass/height?; kg/m?),
provides the most useful population-level measure of over-
weight and obesity.'’ Each participant’s height was measured
using a portable stadiometer (Model: 214; Seca Corp., Hano-
ver, MD, USA), and body mass was measured using a cali-
brated Body Composition Analyser (Model: TISC240MA;
Tanita Corp., Arlington Heights, IL, USA). Both measure-
ments were taken while the participants stood barefoot and
were wearing minimal clothing.

2.2. Breast size

The size of each participant’s breasts was characterized by
measuring the volume of both the left and right breasts, follow-
ing procedures that have been described in detail elsewhere.”
In brief, each participant’s breasts were scanned using a hand-
held 3-dimensional scanner (Artec'™ Eva 3D Scanner; Artec
Group, San Jose, CA, USA) while the participants lay prone
across 2 tables, with their breasts freely suspended in a 50-cm
space between the 2 tables. Before scanning commenced, small
markers (~ 1 cm in diameter) were adhered directly onto each
participant’s skin around the outline of each breast in order to
highlight the borders of the breasts. The breast scans were then
imported into software to create a 3-dimensional model of each
breast (Geomagic Studio® software; Version 12.0; 3D Systems,
Rock Hill, South Carolina, USA). This was achieved by initially
removing the image of each breast from the scan of the partic-
ipant’s torso. A posterior breast wall was then created using a
tangential cut plane to mimic the anatomy of the superficial sur-
face of pectoralis major, the soft tissue upon which the breast
lies.”” The volume of each left and right breast model was then
calculated in mL using the Geomagic Studio® software.”

2.3. Thoracic flexion torque

The flexion torque (Nm) created at the thoracic spine by the
weight of each participant’s breasts was calculated by multiply-
ing each participant’s left and right breast weight (breast vol-
ume X breast density (0.94 kg/m3) X acceleration due to gravity
(9.81 N))™ by the corresponding moment arm (m). The moment
arm for each breast was determined by measuring (using Geo-
magic Studio® software) the perpendicular distance from the
apex of each participant’s thoracic spine to the estimated center
of gravity of their left and right breasts (calculated automati-
cally by the Geomagic® software based on breast volume distri-
bution). These distances were measured on a 3-dimensional
scan of each participant, which was taken while the participants
were standing in the anatomical position.

2.4. Thoracic kyphosis

The amount of curvature of each participant’s thoracic
spine was represented by the thoracic kyphosis angle, which
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was calculated using a noninvasive method that has been
described in detail elsewhere.’”® In brief, a flexible strip of
plastic-covered metal (Flexicurve, Faber-Castell, Stein, Ger-
many) was molded to the posterior surface of each partic-
ipant’s vertebral column, with its ends aligned with C7 and the
L5 to S1 intervertebral space. The molded Flexicurve ruler
(Faber-Castell, Stein) was then placed on grid paper where it
was traced. From the tracing, a thoracic kyphosis angle was
calculated following procedures described by Greendale et
al.”® Thoracic kyphosis was measured because increased tho-
racic kyphosis has been associated with poor mobility in the
thoracic spine5 ? and, in turn, with increased musculoskeletal
pain.so’(’o

2.5. Upper torso musculoskeletal pain

The upper torso musculoskeletal pain reported to be experi-
enced by each participant was recorded using a color-coded
chart, which represented 7 body regions (neck, shoulders,
arms, upper back, lower back, breasts, and head). The severity
of pain was graded on the chart using a visual analogue scale
(visual analog scale: 0 =no pain, 10 = worst pain), and the fre-
quency of experiencing pain was rated from 1 to 3 (1 =rarely
(<1 time per month), 2 =occasionally (<3 times per month),
3 =frequently (>1—3 times per week))."”” The severity
grade and frequency score were multiplied for each of the 7
body regions, which were then summed to provide a total
upper torso musculoskeletal pain score (maximum
score =210).%°

2.6. Time spent in physical activity

To document the amount of physical activity performed in
the week preceding the study, each participant completed 8
questions from the Active Australia Survey.®' The questions
related to each participant’s participation (frequency and dura-
tion) in 4 activity types (walking, moderate-intensity activity,
vigorous gardening, and vigorous-intensity activity). From the
self-reported responses to this survey, the total time each par-
ticipant estimated that she spent performing physical activity
per week (min) was calculated following the analysis guide-
lines.®' To avoid the effects of over-reporting, data for partici-
pants who reported values more than 3 standard deviations
greater than the BMI group mean for total time spent in physi-
cal activity per week were excluded from analysis (n=75).
Time spent in physical activity was assessed because increased
physical activity participation has been associated with
reduced musculoskeletal pain in the low back, neck and
shoulder.®”

All the variables described above were measured on each
participant by a highly trained researcher (CEC) who dis-
played good intra-rater reliability in performing the measure-
ments. Specifically, the researcher had excellent reliability in
scanning and calculating the breast volume variables
(Cronbach’s o > 0.95). She also had good to excellent reliabil-
ity when measuring thoracic kyphosis (intraclass correlation
coefficient = 0.78; p < 0.05), with the intraclass correlation
coefficient value calculated on measurements taken on 3

Journal of Sport and Health Science (2019), https://doi.org/10.1016/j.jshs.2019.05.003

Please cite this article as: Julie R. Steele et al., Effects of obesity on breast size, thoracic spine structure and function, upper torso musculoskeletal pain and physical activity in women,



https://doi.org/10.1016/j.jshs.2019.05.003

4

consecutive days for 6 women who were not associated with
the main study.

2.7. Statistical analysis

Descriptive statistics for all outcome variables were calcu-
lated for the participants, grouped according to the 3 BMI
groups (Not Overweight, Overweight, and Obese). Those vari-
ables that were not normally distributed were either log trans-
formed (breast volume and thoracic flexion torque) or square
root transformed (the time spent in physical activity and upper
torso musculoskeletal pain) to meet the normality and homo-
geneity of variance assumptions underlying parametric statis-
tics. Because the participant groups were not matched for age,
a one-way analysis of variance was used to determine whether
there was any significant difference in age among the 3 BMI
groups. Then, a one-way analysis of covariance, adjusting for
age, was used to compare the effect of BMI on the outcome
variables. Bonferroni post hoc tests were used to determine
where any significant differences existed among the 3 BMI
groups. The o level was set at p < 0.05, and all calculations
were performed using the Statistical Package for the Social
Sciences (Version 21.0; SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Participant age, BMI and breast volume

Descriptive statistics pertaining to the age, BMI and breast
volume of the participants, grouped by BMI category, is pre-
sented in Table 1. On average, data for the study participants
were representative of Australian women aged 18 years and
over.”*** There was a significant main effect of BMI on age
F(2,374)=29.180, p < 0.001), whereby participants clustered
in the Overweight and Obese categories were significantly
older than participants who were classified as Not Overweight,
and participants classified as Obese, on average, were

Table 1
Values for the participants’ age, body mass index and breast volume, grouped
by BMI category.

Variables Not Overweight Overweight Obese
(n=163) (n=103) (n=112)

Age (year)* 372+ 14 452+19 544+1.7
(34.3—-40.0) (41.7—-48.8) (50.9—-57.8)

BMI (kg/m?)** 225+£02 274403 354+£03
(21.9-22.8) (26.9—-28.0) (34.9-35.9)

Breast volume (mL)

Right breast** 367 £32 683 + 38 1077 + 38
(305—-430) (608—759) (1002—1153)

Left breast** 378 £30 705 £ 37 1052 + 37
(319-438) (632—778) (980—1125)

Notes: Data are presented as mean £+ SE (and 95% confidence intervals).
Untransformed values are shown in the table for ease of interpretation,
although statistical comparisons were conducted on the transformed data. The
BMI and breast volume data were adjusted for the effects of age.

* p < 0.001 significant differences among all 3 groups.

** p < 0.001 significant differences among all 3 groups when the transformed
data were controlled for the effects of age.

Abbreviation: BMI= body mass index.

J.R. Steele et al.

significantly older than participants classified as Overweight
(Table 1). When adjusting for this difference in age, there was
a significant main effect of BMI on breast volume (left:
F(2,374)=119.715, p < 0.001; right: F(2,374)=124.063, p <
0.001). Post hoc analysis confirmed that the breast volume of
all 3 groups differed significantly to each other. Participants
classified as Obese, on average, displayed the largest breast
volumes; and women classified as Not Overweight displayed
the smallest breast volumes, irrespective of whether it was
their left or right breast (Table 1).

3.2. Thoracic flexion torque

The mean (& SE) flexion torques created on the thoracic
spine by the left and right breasts of the participants, grouped
by BMI category, are displayed in Fig. 1. Adjusting for age,
there was a significant main effect of BMI on the thoracic flex-
ion torque data (left: F(2,374)=115.484, p < 0.001; right:
F(2,374)=161.461, p < 0.001). Post hoc analysis revealed
that there were significant differences between all 3 participant
groups, whereby the participants classified as Obese displayed
the largest thoracic flexion torques and the participants classi-
fied as Not Overweight displayed the smallest values for this
variable (Fig. 1).

3.3. Thoracic kyphosis

Fig. 2 shows thoracic kyphosis angles measured for the par-
ticipants, grouped by BMI category. There was a significant
main effect of BMI on thoracic kyphosis (£(2,374) =6.886,
p=0.001). When the data were adjusted for age, the partici-
pants classified as Obese displayed significantly greater tho-
racic kyphosis compared to their counterparts who were
classified as Not Overweight (Fig. 2). Typical examples of the
breast characteristics and thoracic kyphosis displayed by par-
ticipants classified as Not Overweight, Overweight and Obese
are represented in Fig. 3.

3.5 1

3.0 4 — g ——

2.5 1

2.0 4

1.5 1

1.0 1

Thoracic flexion torque (Nm)
*

0.5 1

Not Overweight Overweight Obese

Fig. 1. Mean (& SE) values for the thoracic flexion torque (Nm) displayed by
the participants, grouped by body mass index category (Not Overweight:
n=163; Overweight: n=103; Obese: n=112). Untransformed values of the
right thoracic flexion torque only are shown because the left side values were
very similar. Statistical comparisons were conducted on the transformed data.
* p < 0.05 among all 3 groups.

Journal of Sport and Health Science (2019), https://doi.org/10.1016/j.jshs.2019.05.003

Please cite this article as: Julie R. Steele et al., Effects of obesity on breast size, thoracic spine structure and function, upper torso musculoskeletal pain and physical activity in women,



https://doi.org/10.1016/j.jshs.2019.05.003

Obesity, breasts, pain and physical activity

40 4

35 A

30 A T

25 4

20 4

15 A

10

Thoracic kyphosis angle (degrees)

5 1

0

Obese

Not Overweight Overweight

Fig. 2. Mean (£ SE) values for the thoracic kyphosis angles (degrees) displayed
by the participants, grouped by body mass index category (Not Overweight:
n=163; Overweight: n=103; Obese: n=112). The data were normally distrib-
uted. * p < 0.05 between Not Overweight and Obese groups.

3.4. Upper torso musculoskeletal pain

Descriptive data for the upper torso musculoskeletal pain
scores reported by the participants, grouped by BMI category,
are presented in Fig. 4. When adjusting for age, there was a
significant main effect of BMI on the total pain scores
(F(2,374)=12.479, p < 0.001). Post hoc analysis of the data
revealed that the participants classified as Obese reported
experiencing significantly more upper torso musculoskeletal
pain than participants classified as Not Overweight (Fig. 4).

3.5. Time spent in physical activity

The total time (min) the participants reported they spent
participating in physical activity, on average, grouped by BMI
category, is displayed in Fig. 5. When controlling for age,
analysis of the transformed data revealed a significant main
effect of BMI on time spent in physical activity
(F(2,369)=9.692, p < 0.001). Post hoc analysis indicated that
the participants classified as Obese spent significantly less
time being physically active than the participants classified as
either Not Overweight or Overweight (Fig. 5). There was no
significant difference between the participants classified as
Not Overweight and Overweight for this variable.

Not Overweight

4. Discussion

This study highlights the effects of obesity on breast size
and loading and structure of the thoracic spine, as well as
upper torso musculoskeletal pain and time spent in physical
activity reported by a cohort of community-dwelling women.
Of primary concern was the finding that the women classified
as Obese reported significantly more upper torso musculoskel-
etal pain and less time participating in physical activity rela-
tive to their counterparts who were classified as Not
Overweight. The implications of these unique findings are dis-
cussed below.

The women in the present study reflected Australian and
worldwide data whereby 57% of this cohort of 378 women liv-
ing independently in the community were classified as Over-
weight or Obese.'"®” The older age of the women classified as
Obese also reflects a worldwide trend of the likelihood of
being overweight or obese increasing with advancing age.'"*
Given that the world’s population is aging, the increasing pro-
portion of older adults with obesity is likely to place a substan-
tial future burden on health-care systems resulting from
obesity-related disability and institutionalisation.'” It is there-
fore imperative that evidence-based intervention strategies are
developed to minimize the detrimental health issues associated
with obesity, including the increased thoracic kyphosis and
higher levels of upper torso musculoskeletal pain reported by
women classified as Obese in the present study.

Consistent with previous research,” *” participants classi-
fied as Obese in the present study displayed breast volumes,
on average, that were 3 times that of the breast volumes dis-
played by women who were classified as Not Overweight.
Coltman et al.*” reported that breast volume was the strongest
predictor of upper torso musculoskeletal pain in a large cohort
of women, whereby women with the greatest upper torso mus-
culoskeletal pain had hypertrophic breasts (breast volumes >
1200 mL*°). The participants classified as Obese in the present
study had breast volumes, on average, that were just below
this hypertrophic threshold, although individual participants
classified as Obese had breast volumes as large as 3100 mL
per breast. It is therefore not surprising that the participants
classified as Obese reported experiencing 1.7 times more
upper torso musculoskeletal pain than their counterparts who
were classified as Not Overweight.

Fig. 3. A typical example of the breast characteristics and thoracic kyphosis displayed by 1 participant from each of the 3 body mass index categories as indicated.
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Fig. 4. Mean (% SE) scores for the upper torso musculoskeletal pain reported
by the participants, grouped by body mass index category (Not Overweight:
n=163; Overweight: n=103; Obese: n=112). Untransformed values are
shown for ease of interpretation. Statistical comparisons were conducted on
the transformed data. * p < 0.05 between Not Overweight and Obese groups.

Several strategies have been proposed to alleviate the upper
torso musculoskeletal pain symptoms experienced by women
with large breasts””” and are therefore likely to be applicable
to women with obesity. These strategies include decreasing
the flexion torque on the thoracic spine by decreasing breast
mass through weight loss’” or, in extreme cases, breast reduc-
tion surgery.®® Increasing the level of breast support provided
to women with large breasts via a high support and well-fitted
bra®’*® could also counteract the higher thoracic flexion tor-
que found in the women classified as Obese in the current
study. Previous research has found that the bra-breast forces
generated in women with large breasts are lower in high-sup-
port bras compared to low-support bras.”® Correct bra fit,
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Fig. 5. Mean (£ SE) values for the time the participants reported they spent
participating in physical activity (min), grouped by body mass index category
(Not Overweight: n=160; Overweight: n=102; Obese: n=111). Untrans-
formed values are shown in the figure for ease of interpretation, although sta-
tistical comparisons were conducted on the transformed data. * p < 0.05
between Not Overweight and Obese groups; and between Overweight and
Obese groups.
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however, is essential if a bra is to function in the way it was
designed.”"®” Therefore, education on how to correctly fit a
bra should also be included when treating women with obesity
who present with upper torso musculoskeletal pain. Increasing
the trunk’s ability to counteract the flexion torque generated
by the breasts by increasing the strength of the posterior
muscles of the thoracic spine in order to resist the flexion tor-
que is also recommended as a treatment strategy.”’ McGhee
et al.”’ noted that scapular-retractor strength exercises for
women with large breasts should be endurance based, and
involve low load-high repetitions because endurance rather
than maximal strength is compromised in these women. These
strategies recommended for women with large breasts appear
to be applicable to the women classified as Obese in the pres-
ent study given that these women displayed significantly
greater thoracic flexion torque than their counterparts classi-
fied either as Overweight or Not Overweight. In fact, the mean
flexion torque generated on the thoracic spine by the partici-
pants classified as Obese was nearly 4 times greater than that
generated by the participants classified as Not Overweight and
nearly twice that of the participants classified as Overweight.

Because the structure and function of the musculoskeletal
system are inter-related, it is thought that sustained loading of
the thoracic spine caused by the weight of large breasts ante-
rior to the torso is likely to increase thoracic kyphosis.’” This
was evident in the present study whereby the participants clas-
sified as Obese displayed significantly increased thoracic
kyphosis relative to their counterparts classified as Not Over-
weight, although the thoracic kyphosis angles were all within
the normal range.®” Increased thoracic kyphosis is of concern
because it can lead to secondary changes in the upper torso
musculoskeletal system, including cervical lordosis, increased
tension in the neck extensor muscles, reduced thoracic exten-
sor muscle endurance strength, reduced range of motion of the
shoulder complex and increased experience of musculoskeletal
pain.”’ 77 It is therefore imperative that medical and allied
health professional who are treating women with obesity mon-
itor changes to the thoracic spine of their patients and consider
implementing strategies to decrease the flexion torque acting
on the thoracic spine of the women as discussed above. Man-
ual therapy and exercises aimed at decreasing thoracic kypho-
sis are also likely to be effective treatment strategies for
women with large breasts who present with upper torso mus-
culoskeletal pain.”” Decreasing thoracic kyphosis might also
improve the posture of the lumbar and cervical spine and asso-
ciated symptoms.””

Consistent with the current study, previous research has
also shown significantly greater thoracic kyphosis angles in
women with large breasts.’’ This finding, however, was in
contrast to the findings of other researchers who reported find-
ing no difference in the thoracic kyphosis angle displayed by
young women with large breasts and young women with small
breasts.”” The increase in thoracic kyphosis secondary to the
flexion torque caused by large breasts is likely to be a long-
term consequence caused by sustained loading of the thoracic
spine and is therefore not yet evident in younger individuals.
In contrast, the need of women with obesity to continually
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bear this additional load on the thoracic spine across their life-
time is likely to have caused this result. However, given that
the current study was cross-sectional in nature and therefore
cannot confirm cause and effect, further research using a longi-
tudinal study design is required to verify this notion.

Although greater breast mass associated with obesity is
likely to be a strong contributor to the increased upper torso
musculoskeletal pain reported by the participants in the pres-
ent study classified as Obese, it was not the only contributing
factor. That is, some women classified as Not Overweight also
reported experiencing upper torso musculoskeletal pain. Fur-
thermore, women with obesity are more likely to somatize and
to suffer more mood, anxiety and personality disorders, includ-
ing depression,® ® than women who are not overweight, which
can impact on pain and pain perception.”® Pain is also multi-
factorial in 0rigin.4° For example, the association between
chronic pain and obesity has been speculated to be, in part,
due to an increase in inflammatory markers associated with
obesity, as well the greater mechanical loading due to excess
body mass.”” Further research is therefore recommended to
investigate the multitude of factors likely to contribute to the
upper torso pain experienced by women with obesity.

It is imperative that individuals are encouraged to maintain
an active lifestyle because participating in physical activity
has been shown to be an effective strategy for reducing obesity
and the associated higher risk of developing a wide range of
negative physical and mental health issues.'’ In the present
study, it is of concern that the participants classified as Obese
spent significantly less time each week participating in physi-
cal activity compared to the other study participants. In fact,
the participants classified as Obese reported, on average, par-
ticipating in 36% and 30% less physical activity than the par-
ticipants classified as Not Overweight and Overweight,
respectively. Due to the cross-sectional nature of our study,
we cannot claim that the variables quantified (breast volume,
thoracic flexion torque, thoracic kyphosis, and upper torso
musculoskeletal pain) prevented the women from being physi-
cally active. However, previous research has revealed that
higher loading of the plantar surfaces of the feet during walk-
ing by children with obesity is significantly associated with
reduced physical activity and more time spent in sedentary
behavior, most likely due to foot pain and discomfort experi-
enced during weight-bearing activities.”>*° Further research is
therefore warranted to determine whether implementing strate-
gies to reduce loading of the thoracic spine can decrease the
symptoms associated with upper torso musculoskeletal pain
and, in turn, encourage women to participate in more physical
activity.

As with any research, the limitations of this study need to
be acknowledged. Although BMI provides a useful popula-
tion-level measure of overweight and obesity, it is acknowl-
edged that BMI might not correspond to the same degree of
fatness in different individuals.'® Furthermore, although vali-
dated and reliable methods were used to record upper torso
musculoskeletal pain scores and time spent in physical activ-
ity, the data were self-reported. Finally, because the study was
cross-sectional in design, any cause-and-effect relationships
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should be interpreted with caution. Because the proportion of
the participants who were obese throughout most of their
lifespan is unknown, we cannot determine whether the
structural and functional changes to the thoracic spine
were acute or developed over an extended period of time.
Further longitudinal research is therefore recommended to
assess the effects of obesity on the upper torso musculo-
skeletal system and pain reported by women and how these
effects impact their ability to participate in physical activ-
ity. Longitudinal research is also recommended to evaluate
the effectiveness and timing of treatment aimed at modify-
ing upper torso musculoskeletal symptoms in women with
obesity across the lifespan.

5. Conclusion

Our study demonstrates that kyphosis and loading of the
thoracic spine were compromised by obesity in women living
in the community. Increased obesity levels were also associ-
ated with increased symptoms of upper torso musculoskeletal
pain and reduced time spent in physical activity. Further
research is recommended to determine whether interventions
designed to reduce the flexion torque generated on the thoracic
spine are effective in relieving loading of the thoracic spine
structures and, in turn, improving symptoms of upper torso
musculoskeletal pain and the ability of women with obesity to
enjoy the health benefits associated with participating in physi-
cal activity.
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