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The relationship between sagittal spinal curvatures
and isokinetic trunk muscle endurance

after aquatic exercise training in survivors of breast cancer
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Purpose: Assessment of the impact of aquatic exercises on the relationship between sagittal spinal curvatures and isokinetic trunk
muscle endurance against standard land exercises in women after breast cancer treatment. Methods: 40 women post breast cancer divided
into two groups: a study group (n = 20) participated in the aquatic exercises and a control group (n = 20) performed the land exercises.
Data collection occurred both before and after the 8 week intervention. Measurements were taken from the SG and CG performing an-
tagonistic movements (flexions/extensions) to assess the endurance (120 °/s) in isokinetic conditions and a photogrammetric examination
to define sagittal spinal curvatures. Results: A significant improvement ( p < 0.05) in total work and average power was found among
women after the aquatic exercises irrespective of the muscle group under examination. There were no significant changes in any exam-
ined parameters after the land exercises. In the study group, there was a significant association of gamma angle decrease and an increase
of all examined functional parameters of total work and average power of both the extensor muscles (r = –0,49 to –0.51) and the trunk
flexors (r = –0.48 to –0.51). In the control group, a similar tendency of functional-postural changes was observed only for the extensor
muscles of the trunk (r = –0.54 to –0.58). Conclusions: General exercises performed in water, as opposed to those performed on land, are
more effective in terms of the functional-postural retations in women after breast cancer.
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1. Introduction

Breast cancer (BC) is the most common form of
cancer in women in the world. The adverse side ef-
fects of breast cancer treatment relate to both muscu-
loskeletal and nervous systems, thereby affecting the
functioning of the posture regulation system. The
emerging restrictions on joint mobility, contractures,
pain, muscle weakness, tissue fibrosis, peripheral
nerve injuries, as well as disturbances in the psycho-
logical sphere are the main causes of adverse changes
in body posture and trunk balance of women treated
for BC [13]. These changes affect the spine’s normal
ability to transfer loads [2], [12].

The trunk’s optimal muscle function plays a key
role in maintaining the physiological curvature of the
spine by ensuring its stability and preventing diseases
and excessive strain on the spine. Changes in the
spine’s geometry affect the performance of spinal
muscles. Excessive sagittal curvatures may move the
trunk load away from the line of gravity, which dis-
rupts the balanced spinal moments. An increase in the
trunk muscle function is required to balance the dis-
torted spinal torque, which results in excessive spinal
strain [13].

On the other hand, diminished anteroposterior cur-
vatures lead to a shortening of the internal moment
arm of the trunk extensors. A change in the lever in-
creases the demand for strength while interfering with
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the muscular work of the trunk extensors, thus, affect-
ing the amount of compression and generating a greater
load on the spine [12].

The biomechanical aspects of the trunk’s postural
and functional determinants give rise to an interesting
issue of the mutual relationship between the body
posture and the strength of the aforementioned muscle
group [3], [12]. Achieving and maintaining a particu-
lar posture is based on the continuously alternating
contraction of muscle groups, which, at the same time,
does not require a lot of muscular effort, indicating the
endurance nature of postural muscles [2]. It has dem-
onstrated that a properly selected exercise programme
guarantees an improvement in physical function [6],
[15]. Physical rehabilitation in the aquatic environ-
ment provides a specific type of resistance workout.
The body is exposed to a number of mechanical and
thermal factors during aquatic exercises, above all
those resulting from the water’s properties such as
buoyancy, hydrostatic pressure, resistance, viscosity,
and wave, which result in effects that can be local,
segmental or general [15].

Aquatic exercises (AE) are increasingly used for
patients rehabilitating after various disease entities
[1], [16] and they are also a popular form of physical
activity among elderly people [5], [24]. Studies in this
area show a significant improvement in cardiorespi-
ratory parameters, body composition and muscle
strength [24] as well as an improvement of neuromus-
cular function [25]. It was proved that exercises in
water environment are also an effective form of reha-
bilitation of cancer patients. The 8-week supervised
water physical therapy focused on low-intensity exer-
cise was effective for improving neck and shoulder
pain and reducing the presence of trigger points in BC
survivors, compared to usual care [9]. Moreover,
Contarero-Villanueva et al. [8] found that the 8-week
supervised AE programme in deep water decreased
fatigue and improved leg-abdominal muscle endur-
ance and several aspects of mood state such as ten-
sion, depression and anger in BC survivors suffering
moderate cancer-related fatigue (CRF). The study [8]
concurs with the results of multimodal programme
incorporating deep water running for improving can-
cer-related fatigue and quality of life in BC survivors
[10]. In addition, it was reported that hydrotherapy
may reduce the pain threshold, waist circumference
[7] and lymphedema [18] in BC survivors.

Although it is now widely accepted that the
aquatic environment increases positive muscle func-
tion [8], [9] and improves overall body condition [7],
[10], [18], it has not been established whether the AE
affect the relationship between sagittal spinal curva-

tures and isokinetic trunk muscle endurance in women
after BC. As such, conducting research on mutual
functional-postural relationships as important indica-
tors of both diagnostic values of musculoskeletal dys-
functions as well as determining the plan and goals of
rehabilitation among survivors of BC is necessary. We
hipothesized that water physical therapy due to the
physicochemical properties of the environment could
demonstrate a higher efficiency of the rehabilitation
process than standard land exercises (LE). Therefore,
the aim of the study was to examine the effect of
aquatic exercises on the relationship between sagittal
spinal curvatures and isokinetic trunk muscle endur-
ance against standard land exercises in women after
breast cancer treatment.

2. Materials and methods

2.1. Participants

To participate in the study, women were qualified
by a physiotherapist under the supervision of a physi-
cian. An initial sample consisted of 60 potentially
eligible participants if they (a) had a diagnosis of BC,
(b) were between 50 and 75 years of age, (c) had fin-
ished co-adjuvant treatment, (d) did not have active
cancer, (e) did not have lymphedema within the upper
extremity.

Participants were excluded if they were taking any
medication at the time of the study or they had physical
limitations associated with mental, orthopedic, cardio-
logical, neurological and oncological conditions (for
the oncology group absence of cancers other than BC).

Following screening for inclusion and exclusion
and confirmation for eligibility by the physiotherapist,
the baseline sample included 40 participants. Participants
(n = 40) were divided into two groups with 20 women
in each group. The study group (SG) performed the
AE programme, while the control group (CG) exe-
cuted standard LE programme. This was a randomized
controlled trial. Allocation was concealed via sealed
opaque envelopes.

The average age of women taking part in the LE
programme totalled 59.4 years (±7.47), average body
height 1.59 m (±0.57), and average body mass 74.1 kg
(±10.23). A breast conserving therapy was applied
to 20% of examined, and modified radical mastectomy
to 80% of women. Adjuvant therapy involved 90% of
examined; including chemotherapy – 70%, radiotherapy
– 45%, and hormone therapy – 55% of women. The
average time since the surgery was 6.1 years (±4.63).
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In turn, the average age of women participating in
the AE program was 63.0 years (±7.58), average body
height 1.61 m (±0.55), and average body mass 74.7 kg
(±10.67). In 65% of the subjects, a radical mastec-
tomy was performed, while in 35% the breast con-
serving therapy. Adjuvant therapy was used in 90% of
subjects in the form of radiotherapy – 50% of exam-
ined, chemotherapy – 45% of examined and hormone
therapy – 50% of examined. The average time since
the surgery was 7.2 years (±6.41). The intergroup
comparison of somatic parameters and the time since
surgery did not show statistically significant differ-
ences ( p < 0.05). Similarly, an analysis of the treat-
ment methods applied showed no statistically signifi-
cant differences between the groups ( p < 0.05).

The study was approved by the Local Bioethics
Committee of the University of Physical Education in
Wrocław. The participants received oral and written
information about the study and signed an informed
and voluntary consent for participation. The trial was
registered with the Australian and New Zealand Clini-
cal Trials Registry (ANZCTR #: 12618002017202).

2.2. Functional assessment
of the trunk muscles

The strength-velocity parameters of the erector
spinae (prime mover for the trunk flexion) and rectus
abdominis (prime mover for the trunk extension) [14]
were measured using the Biodex Multi-Joint 3 Iso-
kinetic Dynamometer. Measurements of the trunk’s
alternating flexions and extensions with a maximum
force at a selected angular velocity were recorded.
The velocity of 120°/s was selected as it is consid-
ered to be the most suitable measures endurance and
that faster speeds are usually performed for 10 to 20
repetitions [3], [6], [21]. Therefore, each woman
being examined performed 20 consecutive repeti-
tions of sagittal trunk extension and flexion without
interruption.

The examined participant was placed in a semi-
standing position in a chair in a way that the axis of
rotation of the joint and the dynamometer were aligned.
The seat and the dynamometer were adjusted for each
woman before testing so that the lower cushion of the
dynamometer was at the height of L5/S1 spine seg-
ment. For the purpose of isolating the movement, the
position was stabilized by means of belts and appro-
priate regulation, and it was adjusted to the needs
of each examined participant. The starting position
began with a maximum extension of the trunk. The
women were told to complete the extensions and

flexions using their maximum strength as fast as pos-
sible (Fig. 1).

Fig. 1. Isokinetic examination of the trunk muscles:
semi-standing position and stabilization of the body

(source: own material)

The same range of the trunk flexion and extension
was set around 70° (20° – extension, 50° – flexion) for
all women, and it was kept constant in order to stan-
dardise the intergroup comparisons. It was set up in such
way that all of the participants could perform it in the
same manner without reporting pain. Therefore, the
range of motion was deliberately limited, in order to
avoid stressful situations arising out of fear of pain. The
test was preceded by a verbal instruction, and it con-
sisted of a warm-up (several test runs) and a proper part.

Based on the existing examinations using isoki-
netic tests [3], [12], [21], the following parameters for
endurance measurements of the spine muscles were
selected:

TW (J) – Total Work;
AP (W) – Average Power.

2.3. Sagittal spinal curvatures
examination

A postural examination using a photogrammetric
method was performed on all participants. It is con-
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sidered to be noninvasive, safe method and has good
reliability as well as concurrent validity with radio-
graphic measures in determining the magnitude of the
Cobb angle and lumbar lordosis [4]. Studies included
an evaluation of the anterior-posterior curvatures of
the spine, which was based on direct observation of
the subject using a camera. The measurements took
place in several stages as follows:

on the body of the participant, the following were
marked: spinous processes from C7 to S1, inferior
angles of the scapulas, posterior superior iliac
spines and acromions;
the participant stood facing the camera backwards
at a distance of 2.6 m so that the image of her
trunk was visible on the computer screen. Each
woman being examined adopted a relaxed, uncon-
strained standing position looking straight ahead,
with upper limbs hanging down freely along the
trunk, lower limbs upright in the knee joints with
the same distribution of body weight, with feet
parallel to each other and heels in a line;
next, the examined participant’s spatial record of
the trunk image was taken in the computer memory.

Fig. 2. Angular parameters of the sagittal spinal curvatures
(source: own material).

Abverations: α – alfa angle (lumbosacral angle);
β – beta angle (thoracolumbar angle);
γ – gamma angle (upper thoracic angle)

The parameters determining sagittal spinal curva-
tures were selected for analysis based on the literature
on computer diagnostics of body posture [3], [4]. The
following angular parameters were evaluated in detail
(Fig. 2):

alpha angle [°] – inclination of the lumbosacral
section;
beta angle [°] – inclination of the thoracolumbar
section;
gamma angle [°] – inclination of the upper tho-
racic section.

2.4. Training intervention

The exercise programmes were based on previous
guidelines for cancer survivors [22]. The programmes
objectives were to improve health status with minimal
risk of injury. This supervised programmes consisted
of 45-minute sessions, 2 times a week, over 8 weeks.
The programmes were conducted by a physiothera-
pist. The CG trained in gymnastic hall with a tem-
perature of 22–24 °C and a wooden floor. The SG
exercised in a swimming pool with a water tempera-
ture of 30–32 °C and depth of 0.8 m with unrestricted
arm movements above the water. Exercises were
based on organization of individual training units in
a similar manner and exercises performance in stand-
ing, kneeling and lying positions (Table 1).

The basic parameter defining the intensity of
physical exercise was the pulse limit [8]. Heart rate
monitoring was combined with time options using the
heart pulsometers manufactured by Polar, to deter-
mine the heart rate zone within which the physical
effort was exerted. The intensity of exercises was at
a similar level of 70–75% of maximum heart rate,
determined individually for each subject using a for-
mula of 220–age.

In both groups, the additional criterion for inclu-
sion in the study was at least an 80% attendance for
each participant.

2.5. Statistical analyses

Results were analysed using Statistica 13.0 from
StatSoft. The normality of distribution was verified
using the Shapiro–Wilk test, with findings that the
hypothesis of normal distribution was not rejected.

Pearson χ2 test was performed to analyze discrete
properties relating to cancer treatment within the two
groups of physical activity. Comparison of the so-
matic characteristics and the time from surgery in both
groups was performed using the Student’s t-test.
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The two-way analysis of variance ANOVA (with
the Scheffe post-hoc test) with time (pre- and post-
-intervention) as the within-subject variable and inter-
vention (Aquatic-Control) as the between subjects
variable was used to examine the effects of the inter-
vention on sagittal spinal curvatures and isokinetic
trunk muscle endurance.

Next, the Pearson’s correlation coefficient was cal-
culated to determine the strength of the relationship be-
tween the trunk muscle function and body posture within
the two groups. All values of tests and coefficients were
considered statistically significant at p < 0.05.

3. Results

The two-way ANOVA was used to examine the
effects of the intervention on the strength-velocity
(Table 2) and the body posture parameters (Table 3).

Detailed parameters describing sagittal spinal curva-
tures and trunk muscle function in the examined
groups are presented in Figs. 3–5. The intergroup
comparison of examined parameters showed a statisti-
cally significant improvement in TW and AP among
women after the AE programme irrespective of the
muscle group under investigation. There were no sig-
nificant changes in any examined parameters in re-
sponse to the LE programme (Figs. 3–5).

To perform the statistical analysis, it was important
to assess the group x study interaction. The ANOVA
revealed significant interactions for TW of the trunk
extensor muscles in SG ( p < 0.001) and for TW of the
trunk flexor muscles in both CG ( p < 0.05) and SG ( p <
0.001). Similarly, the significant interaction effects were
observed for AP of the trunk extensor muscles in SG
( p < 0.001) and for AP of the trunk flexor muscles in
both CG ( p < 0.05) and SG ( p < 0.001). In the case of
the body posture parameters the group x study interaction
was recorded for only the beta angle in SG ( p < 0.001).

Table 1. Land and aquatic exercise programmes

Aerobic activities, mobility exercises and stretching with breathing exercise
Warm-up

Main muscle groups Week
1–2

Week
3–4

Week
5–6

Week
7–8

10 reps 12 reps 14 reps 16 reps
upper limb scapular stabilizers, shoulder,

elbow and wristflexors and extensor × 5 sets
10 reps 12 reps 14 reps 16 reps

Mobility
exercise

lower limb hip and knee flexors and
extensors, trunk stabilizers × 4 sets

10 reps 12 reps 14 reps 16 reps
back low-back extensors and trunk

stabilizers × 4 sets
10 reps 12 reps 14 reps 16 reps

Strength
exercise

abdomen trunk flexors and low-back
stabilizers × 4 sets

10 reps 12 reps 14 reps 16 reps
Balance exercise

× 2 sets
10 reps 12 reps 14 reps 16 reps

Coordination exercise
trunk stabilizers

× 2 sets
2 reps 4 reps 6 reps 8 reps

General
improving
exercise

Forwards and backwards
walking

hip and knee flexors and extensors,
trunk stabilizers × 18 m

5 reps 4 reps 3 reps 2 reps
Rest break

Relaxating with breathing
exercises

inspiratory muscles
30 sec

Cool-down Stretching with breathing exercise

Table 2. The p-value of the two-way ANOVA results for the strength-velocity parameters

p-value
Strength-velocity parameters

Group Study Group x study
interaction

E <0.001* <0.001* <0.01*Total Work [J] F <0.01* <0.001* <0.05*
E <0.01* <0.001* <0.01*Average Power [W] F <0.001* <0.001* <0.01*

Abbverations: E – trunk extensors; F – trunk flexors; * denotes significances.
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Table 3. The p-value of the two-way ANOVA results
for the body posture parameters

p-value
Body posture
parameters Group Study Group x study

interaction
Alfa [°] 0.64 0.11 0.14
Beta [°] <0.05* <0.001* <0.01*
Gamma [°] 0.17 0.60 0.74

Abverations: Alfa – lumbosacral angle, Beta – thora-
columbar angle, Gamma – upper thoracic angle.

* denotes significances.

Next, the Pearson’s correlation coefficient was
calculated. For the SG, before commencement of exer-
cises, a statistically significant directly proportional
relationship between the alpha angle and TW (r = 0.49)
and AP (r = 0.47) of the trunk extensor muscles was
observed. In response to the AE programme, the value
of the gamma angle has been decreased together with
an increase in TW (r = –0.48) and AP (r = –0.51) for
the trunk flexor muscles and a correspondingly im-
portant relationship (r = –0.49, r = –0.51) for the trunk
extensor muscles (Table 4).

Fig. 3. Total Work [J] of the trunk muscles before and after the 8-week exercise programmes in the examined groups.
Values are expressed as mean (95% confidence interval), p-values based on the Scheffe post-hoc test.

Abverations: CG – Control Group, SG – Study Group, TW – Total Work, E – trunk extensors, F – trunk flexors

Fig. 4. Average Power [W] of the trunk muscles before and after the 8-week exercise programmes in the examined groups.
Values are expressed as mean (95% confidence interval), p-values based on the Scheffe post-hoc test.

Abverations: CG – Control Group, SG – Study Group, AP – Average Power, E – trunk extensors, F – trunk flexors
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Table 4. The Pearson’s correlation coefficient (r)
of functional-postural dependencies of the trunk muscles

before and after the aquatic exercise programme ( p < 0.05)

Total Work [J] Average Power [W]Body posture
parameters [°] E F E F

Alfa 0.49* 0.42 0.47* 0.41
Beta 0.14 0.05 0.11 0.08Test 1
Gamma –0.37 –0.40 –0.38 –0.40
Alfa 0.25 0.16 0.20 0.19
Beta 0.20 0.16 0.21 0.11Test 2
Gamma –0.49* –0.48* –0.51* –0.51*

Abverations: Alfa – lumbosacral angle, Beta – thoracolumbar
angle, Gamma – upper thoracic angle, E – trunk extensors, F – trunk
flexors, * denotes significances.

Table 5. The Pearson’s correlation coefficient (r)
of functional-postural dependencies of the trunk muscles
before and after the land exercise programme ( p < 0.05)

Total Work [J] Average Power [W]Body posture
parameters [°] E F E F

Alfa –0.26 –0.30 –0.25 –0.33
Beta –0.06 –0.08 –0.09 –0.16Test 1
Gamma –0.15 –0.11 –0.11 –0.08
Alfa –0.11 –0.05 –0.11 0.02
Beta –0.15 –0.37 –0.15 –0.23Test 2
Gamma –0.54* –0.37 –0.58* –0.43

Abverations: Alfa – lumbosacral angle, Beta – thoracolumbar
angle, Gamma – upper thoracic angle, E – trunk extensors, F – trunk
flexors, * denotes significances.

In the CG, no statistically significant correlations
were found before exercises commenced. After the
completion of the LE programme functional-postural
relationships did appear in the gamma angle, but only
in relation to the trunk extensor muscles in the scope of
total work (r = –0.54) and average power (r = –0.58)
(Table 5).

4. Discussion

Maintaining a proper trunk muscle function is
considered to be crucial for sustaining correct ge-
ometry of the spine curvatures [2], [12]. Changes in
the involvement of the trunk muscles in spine stabili-
zation do have an impact on postural disorders. It is
believed that increased tension in the extensor mus-
cles of the trunk, with a reduced function of flexor
muscles, results in pelvic anteversion, and increased
lumbar lordosis. Conversely, too strong abdominal
muscles in relation to the weakened muscles of the
back result in pelvic retroversion, flattening of the
lumbar lordosis and a compensatory increase of the
thoracic kyphosis.

Sinaki et al. [23] reported a statistically significant
negative relationship between the extensor muscles of
the trunk and the size of thoracic kyphosis, and a posi-
tive relationship with respect to the lumbar spine and
sacral inclination. Stronger extensor muscles of the

Fig. 5. Angular parameters [°] examining the sagittal spinal curvatures before and after the 8-week exercise programmes
in the examined groups. Values are expressed as mean (95% confidence interval), p-values based on the Scheffe post-hoc test.

Abverations: CG – Control Group, SG – Study Group, Alfa – lumbosacral angle, Beta – thoracolumbar angle,
Gamma – upper thoracic angle, E – trunk extensors, F – trunk flexors
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back, the lower thoracic curvature, but also the greater
lumbar lordosis and sacral inclination were found.
Therefore, the efficiency of the trunk extensor mus-
cles appears to be an important determinant of posture
in healthy women. However, strengthening of only
this muscle group may lead to an increase in lumbar
lordosis, which is not interpreted as a beneficial and
desired phenomenon from a spinal biomechanics’ point
of view. This necessitates the development of appro-
priate functional-postural relations [23].

The results of our research suggest that AE allow
the optimisation of the functional-postural condition
both on the part of the trunk extensor and flexor mus-
cles. After the completion of aquatic rehabilitation,
there was a statistically significant decrease in the size
of the gamma angle along with an increase in the ac-
tivity of both muscle groups. In comparison, follow-
ing exercises on land, significant functional-postural
correlations were achieved along the same spine sec-
tion only in the trunk extensor muscles.

BC treatment may be a cause of abnormal spinal
curvatures which need the correction [15], [20]. How-
ever, postural patterns must be improved by an en-
hancement of functional parameters in the right pro-
portions of muscular tension and posture habits [12].
To this end, the results of the current study show that
the implementation of an aquatic rehabilitation envi-
ronment has a greater effect compared to standard LE.
AE have a positive effect on the specific muscle func-
tion due to the presence of differentiated motor pat-
terns, compared to their onshore equivalents. In addi-
tion, the constant movement of the centre of gravity
under the water’s resistance increases the function of
the trunk flexor and extensor muscles in order to
maintain a standing position. The control of postural
stability is a type of specific feedback from the nerv-
ous system to the surrounding environment and, there-
fore, must meet optimal control conditions by incor-
porating maximum efficiency with minimal energy
expenditure in order to maintain a particular posture
[15], [19], [24].

It was proved that backward gait, especially with
the use of Thera-Band aquafins placed near the ankle
joints of the lower limbs, increases activation of the
trunk muscles. Based on the scientific reports [11],
[17], [19], in our study, we have included to the ex-
ercise programme walking backward executed in
both: the water and land environment. Due to the
limited range of vision to the rear during this specific
physical activity, there is a strong stimulation of
proprioceptive sensation, which increases muscular
stabilization of the head, trunk and pelvis, while deep
muscles of the back, abdomen and buttocks become

stimulated. Somatosensory information is considered
the most important in the process of maintaining
balance in a standing position, while the remaining
visual and vestibular systems play a supporting role
[17]. Similarly, superficial electromyography tests
exert greater muscular activity when walking back-
wards compared to forward walking [11]. It has been
shown that the transfer of such training to the aquatic
environment creates additional resistance during the
walk, so that under these conditions the backward
gait is even more effective than the forward gait or
walking on land. There was a significantly greater
activity of the deep muscles of the spine and quadri-
ceps of the thighs and tibias as well as of the cardio-
vascular response [19].

Apart from the normal functioning of the central
nervous system, muscles are one of the basic links in
the post-control system of body posture. This func-
tion depends both on the efficiency of energy me-
tabolism of the muscles and the efficiency of the entire
postural control system. Correct anatomical relations
within the spine and associated structures (either indi-
rectly or directly) depend on the physiological devel-
opment rhythm, laws of statics and dynamics, as well
as on environmental conditions, including the lifestyle
of a human being [3], [12].

Differentiating the relationships between sagittal
spinal curvatures and isokinetic trunk muscle endur-
ance subjected to the type of physical activity used has
revealed that, describing the formations of spine’s ante-
rior-posterior curvatures is a very difficult task due to
the lack of physiological norms. It is considered, how-
ever, that these curvatures should be balanced and not
too excessive. Reducing their size may cause strain,
while excessive increase does lead to premature tissue
wear in places of increased load [6], [15].

5. Conclusions

The AE generate a statistically significant func-
tional-postural correlation of the trunk flexor and
extensor muscles of the thoracic spine against the
standard LE performed in the gym, which regulate
these relations only in the extensor muscles of the
trunk. Therefore, rehabilitation programmes for
postural correction should take into account both the
assessment of spinal curvatures and the functioning
of the muscular system, as well as their mutual co-
existence.

This research may be a valuable guidance to
therapists and clinicians. Our results support that mu-
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tual functional-postural relationships are important
indicators of both diagnostic values of musculoskele-
tal dysfunctions as well as determining suitable ther-
apy programmes aiming to correct sagittal spinal cur-
vatures in women after BC treatment.
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