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Efectos de la mastectomia en los parametros baropodométricos
de pacientes con cancer de seno / Efeitos da mastectomia nos
parametros baropodometricos de pacientes com cancer de mama

Fanny Valencia Legarda?, Nelson Ivan Cupitra Vergaral, Camilo Andrés Paramo Velasquez?,
David Correa Castafio?, Catalina Lopera Mufieton!

ABSTRACT

Objective: mastectomy after breast cancer produces several postural and biomechanical
alterations in the frontal and sagittal plane. Such changes lead to disturbed kinematics of
the spine, muscle imbalance and altered foot weight bearing. This study aims to describe
body balance alterations after mastectomy based on the baropodometric analysis of
their mean pressure and static load.

Methodology: a descriptive correlational research was carried out. Foot weight-bearing
properties were identified in 17 patients who have undergone a mastectomy. An Ecosanit
Foot pressure plate was used to measure foot load at anatomical position and keeping
the feet together.

Results: 17 female patients who had undergo mastectomy with a mean age of 54.16
years took part on the research. Patients who have had a dominant-side mastectomy
demonstrated significant greater mean pressure at anatomical position when compared
to those patients who have had a non-dominant side mastectomy (227.2 + 22.16 versus
175.6 + 14.95, p =0.05). There was no significant difference for static load between
the patients who have had a dominant side mastectomy and patients who have had a
non-dominant side mastectomy at anatomical position (52.43 + 4.069 versus 49.69 +
4.094, respectively).

Conclusion: the current results of our research showed the unbalanced weight
distribution in patients after mastectomy. Consequently, it describes the postural and
muscular alterations, and the static and dynamic imbalance in breast cancer patients.
Keywords: baropodometric; biomechanical; breast cancer; mastectomy; physical therapy.

RESUMEN

Objetivo: la mastectomia posterior al cancer de seno produce diversas alteraciones
posturales y biomecénicas en el plano frontal y sagital. Dichos cambios conducen a
una cinematica alterada de la columna vertebral, desequilibrio muscular y alteracion
del soporte del peso del pie. Este estudio pretende describir las alteraciones de la
baropodometria después de la mastectomia, con base en anélisis baropodométricos
de la presion media y la carga estatica.

Metodologia: se realiz6 un estudio descriptivo correlacional. Las propiedades de carga
del pie se identificaron en 17 mujeres mastectomizadas. Se utilizd una placa de presién
Ecosanit Foot para medir la carga del pie en posicion anatémica y con los pies juntos.
Resultados: en el estudio participaron 17 mujeres mastectomizadas con una edad media
de 54.16 afos. Las pacientes reportaron una presién media significativamente mayor
en la posicion anatémica del lado dominante mastectomizado en comparacién con el
lado no dominante mastectomizado (227.2 £ 22.16 vs. 175.6 £+ 14.95, p =0.05). No hubo
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diferencia significativa para la carga estética entre el lado dominante mastectomizado y
el lado no dominante mastectomizado en la posicién anatémica (52.43+4.069 vs. 49.69
+ 4.094, de forma respectiva).

Conclusion: los resultados actuales de nuestro estudio evidenciaron la distribucién
desequilibrada del peso (vector carga en el pie) en pacientes después de la mastecto-
mia. Por tanto, en este texto se describen las alteraciones posturales, musculares, y el
desequilibrio estatico y dindmico en pacientes con cancer de seno.

Palabras clave: baropodometria; biomecanica; cancer de seno; mastectomia; fisioterapia.

RESUMO

Objetivo: A mastectomia apds cancer de mama produz diversas alteragdes posturais e
biomecanicas nos planos frontal e sagital. Tais mudancas levam a alteracdo da cinematica
da coluna, desequilibrio muscular e alteracdo do suporte de peso do pé. Este estudo
tem como objetivo descrever as alteracdes baropodométricas apds mastectomia, com
base em anélises baropodométricas de pressdo média e carga estéatica.

Metodologia: foi realizado estudo correlacional descritivo. Propriedades de carga nos
pés foram identificadas em 17 mulheres mastectomizadas. Uma placa de pressdo Ecosanit
Foot foi usada para medir a carga do pé em posi¢do anatdomica e com os pés juntos.
Resultados: participaram do estudo 17 mulheres mastectomizadas com idade média
de 54,16 anos. Os pacientes relataram uma pressdo média significativamente maior
na posicdo anatomica do lado mastectomizado dominante em comparacdo ao lado
mastectomizado ndo dominante (227,2 + 22,16 vs. 175,6 + 14,95, p =0,05). Ndo houve
diferenca significativa para a carga estatica entre o lado mastectomizado dominante e
o lado mastectomizado ndo dominante na posicdo anatdémica (52,43 £ 4,069 vs. 49,69
+ 4,094, respectivamente).

Conclusdo: Os resultados atuais do nosso estudo mostraram distribuicdo de peso
desequilibrada (carga vetorial no pé) em pacientes apds mastectomia. Portanto, este
texto descreve alteragdes posturais, musculares e desequilibrio estatico e dinamico em
pacientes com cancer de mama.

Palavras-chave: baropodometria; biomecanica; cancer de mama; mastectomia;
fisioterapia.

INTRODUCTION

Cancer and its treatment produce a series of side
effects which have a considerable impact on the structure
and function of the human body. These will depend on
the location, type of cancer and received treatment?. It
is estimated that 19 million new cases and 9 million
deaths occur in The Americas, a percentage which,
according to projections, will increase to 30 million by
2040. Breast cancer is the most common malignant
tumor in female patients in developed countries®. Due
to an early diagnosis and current multimodal treatment,
the survival rate for this type of cancer is 90 % after five
years®. The main therapeutic methodology for breast
cancer consists of encompassing mastectomy surgery
and adjuvant treatment consisting of chemotherapy,
radiotherapy, and hormone therapy. These treatments
can lead to negative consequences. Those complications

could occur immediately after treatment such as
infection of the surgical site, bleeding, wound margins
necrosis, lymphorrhagia and phantom pain. And, late
complications including nerve damage, paresthesia,
weakness, pain, fibrosis, poor healing, among others*.

Additionally, it is estimated that breast cancer survivors
may suffer from secondary shoulder dysfunction, caused
by the biomechanical alteration of muscles that have been
manipulated during the surgical procedure, in addition to
the antalgic postures. These postural and biomechanical
alterations can produce important limitations in basic
daily activities and daily life’. According to Benton ez
al., women who experience surgical mastectomy on
their dominant side demonstrated significantly greater
weakness (11 %) compared to their non-dominant
side, this leads to balance alterations and functional
impairment which may place them at risk for either acute
or chronic injury (p<0,001)°.
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On the other hand, the absence of the breast causes
a major effect on women’s self-image and a decreased
sense of femininity that can lead to anxiety, depression
and poor quality of life”. It has been estimated that about
90 % of women who have undergone a mastectomy use
permanent breast prosthesis or during the waiting period
preceding breast reconstruction®.

Therefore, due to the high incidence of secondary
effects, posture after mastectomy has been studied
by several authors®?. The results of these studies
describe irregularities in the sagittal plane (thoracic
hyperkyphosis) and frontal plane (shoulder elevation,
scapular asymmetry, and scoliosis). Such changes lead to
disturbed kinematics of the spine, resulting in increased
muscle imbalance. Those factors affect axis of extremities,
foot weight bearing and shape. Changes of the foot are
significant factors leading to mobility loss and increases
the hazard of falling!!.

Glowacka-Mrotek e al., have reported greater load
bearing on non-operated side of breast patients with
cancer, which constitutes a side effect even in the long
term, up to five years after the mastectomy. This can
lead to alterations in weight distribution, balance and
gait!!. These same alterations were reported even in
quadrantectomy patients, with a sample of 116 patients'2.
Manikowska ez al., reported greater similarity between
the control group and the group of patients who used
external prosthesis, which evidenced a better weight
distribution, though, there was no statistically significant
difference. The discrepancies in the loads might be due
to changes in body posture, muscular imbalance, antalgic
trunk and upper limb position!3.

There are a few investigations that study weight bearing
distribution after mastectomy. This study aims to describe
body balance alterations after mastectomy based on the
baropodometric analysis of their mean pressure and
static load.

METHODOLOGY

A descriptive correlational study was carried out
to identify balance alterations in women with breast
cancer, ethical approval was granted by Fundacién
Universitaria Maria Cano Ethics Committee, by
registration 01300831-2019-311. All participants were
provided with complete details of the study before
providing their informed consent and the tests done
did not imply any harm or risk for volunteers. The foot
weight-bearing properties were identified in 17 women
which were selected through a convenience sampling to
be evaluated. The data obtained for the sample selection
were acquired through the company Mascapacidad
S.A.S., via its database. For the inclusion of participants,
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the following criteria were considered: patients must be
legal-age adult women with unilateral mastectomy, with
good cognitive faculties. Women with psychiatric or
neurological disorders, reconstructive surgery or bilateral
mastectomy were excluded.

The results obtained in the test applied to patients
included: Anthropometric information of each
participant and an ecosanit foot pressure plate, on its
4.0 version, was used for foot load (figure 1).

Figure 1. Plates Ecosanit Foot.

During examination, the patient stands on the platform
in two positions (ecosanit foot). Position 1: anatomical
position with the feet apart at shoulder width. Position
2: anatomical position with feet together. The following
parameters were included for test analysis:

Position 1

- Static load (%) for healthy and amputated breast side.

- Mean pressure (kilopascal) for healthy and amputated
breast side.

Position 2

- Static load (%) for healthy and amputated breast side.

- Mean pressure (kilopascal) for healthy and amputated
breast side.

These positions were chosen because they allow to
explain changes and alterations in postural control by
identifying faults in plantar proprioceptive response, both
from a natural support base and a reduced support base.



Which imply additional challenges for proprioceptive
receptors and balance.

The patients were assessed on the baropodometric
platform on two occasions. The measurements were
taken by two physiotherapists with postgraduate training
in neurorehabilitation, biomechanics, and clinical
leadership in cancer. Each evaluator was responsible
for administering both tests to the same participant, to
maintain the validity of the variables over time and the
quality of the data obtained.

These results are presented as mean + standard error
of the mean (SEM) and percentage. The effect of the
breast absence on the baropodometric platform was
analyzed with unpaired Mann-Whitney U test and
Kruskal-Wallis test followed by Dunn’s post-hoc test
for unpaired comparisons. Paired comparisons were
made with Mann Whitney paired test. Differences
were considered statistically significant at p<0.05. The
statistical package GraphPad Prism 8v8.0.1 was used.
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To analyze the results, a comparison of means was
performed, identifying differences in baropodometric
variables among breast cancer mastectomy patients.
No correlations were conducted between the variables
to measure the intensity of linear relationship between
two variables because the sample size would limit the
reliability of the results.

RESULTS

The foot weight-bearing properties were identified
in 17 women who met the inclusion criteria. The
anthropometric characteristics serving as baseline of the
sample are described in table 1. Mean age in the study
group was 54.16 years, with a mean body mass index
(BMI) 0£29.18 kg/mt, which is on the overweight level.
92.3 % of participants were diagnosed with stage II and
III of the disease.

Table 1. Anthropometric variables and their association with baropodometric parameters.

Anatomical
. Feet together
position
Parameters . a
Patients Mean Static Mean Static
pressure p load P pressure P load P
(KPa)? (%) (KPa)a (%)
54.16
A M - -
ge (years) ean (28-69)
<50 6 (35 %) 175.7+18.13 48.27+5.939 173.4+19.69 50+0
0.119° 0.254 0.366° 0.647b
>51 11 (65 %) 210.8+17.24 52.21+3.185 171.7+8.584 48.25+1.755
IMC 29.18+3.9
<25 6 (35 %) 188.7+24.33 45.12+5.633 175.6+14.12 46.78+3.217
25-30 7(41%) 211942408 0.898° 5451+4.163 0.235¢ 175.1+17.31 0.686° 50+0 0.588¢
>30 4 (24 %) 182.7+23.82 52.9+4.536 162.4+7.514 50+0
| 2(11.7 %) 230.2+8.65 53.15+11.35 156.9+0.7 40.35+9.65
Il 5294 %) 2234+31.21 52.24+5.547 188.8+16.05 50+0
0.336¢ 0.935¢ 0.724¢ 0.177¢
Stage 1A 5294 %) 1625+21.81 47.9+6.048 159.3+12.79 50+0
1B 4 (235 %) 201.7+£26.8 44.15+9.035 179.2+26.23 50+0
v 1(6 %) 149.8 50 158.2 50
With
lvmohedema 5(294 %) 187.3+13.38 483+3.121 172.8+11.72 48.39+1.608
Lymphedema Y \/\7 " 0.57° 0.186° 0.799° 0.999°
thout 5 (706 %) 219.8+34.88 56.86+5.875 171.1+8.958 5040
lymphedema

Note: results are in mean+SEM.
aValues for the mastectomy side. PMann-Whitney test. “Kruskal-Wallis test. Significance at p<0.05.
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The table 2 provides a summary of the parameters
reflecting static load and mean pressure at anatomical
position and with feet together in relation to the
oncological treatment received. Patients who received
radiotherapy showed a higher mean pressure and
statistically significant difference in the static load at
anatomical position compared to those subjects who did
not receive that treatment (p= 0.055).

The table 3 describes the baropodometric parameters
in relationship with amputated breast and laterality.
Patients who have had a dominant-side mastectomy
demonstrated significant greater mean pressure at

anatomical position when compared to those patients
who have had a non-dominant side mastectomy
(227.2+22.16 versus 175.6£14.95, p = 0.05). There was no
significant difference for static load at anatomical position
between the patients who have had a dominant side
mastectomy and patients who have had a non-dominant
side mastectomy (52.4324.069 versus 49.69+4.094,
respectively). Patients showed higher mean pressure
at healthy dominant side compared to healthy non-
dominant side, however no statistical significance was

found (199.9£29.8 versus 198+30.6, respectively).

Table 2. Oncological treatments and their relationship with baropodometric parameters.

Anatomical
. Feet together
position
Parameters
. Mean Static Mean Static
Patients
pressure p load P pressure P load p
(KPa)? (%)? (KPa)a (%)a
1-3
6 (35%) 180.2+21.53 49+4.075 156.1+10.63 46.78+3.217
months
. 9-12
Time after 3(18%) 210.5+14.49 58.1+3.219 168.4+8.292 50+0
months 0.808¢ 0.407¢ 0.511¢ 0.529¢
mastectomy
13
months 8 (47 %) 204.2+24.6 49.45+5.142 185.9+15.14 50+0
or more
15
Yes o 197.1+15.48 50.54+3.069 177.5+8.541 50+0
Chemotherapy (88.3 %) 0.55b 04630 0.066° 0.118>
No 2(11.7 %) 195.3+26.2 529+11.1 133.6+22.65 40.35+9.65
12
Yes o 208+15.23 54+3.28 177.9+11.77 50+0
Radiotherapy (88.3 %) 0.164 0.055P 0.191° 0.294b
No 5(11.7 %) 168.7+27.83 43.18+4.48 159+3.2 46.14+3.86
Hormonal Yes 7(41%)  213.2+25.6 54.54+4.647 178.1+12.75 50+0
0.268° 0.164° 0.406° 0.588P
treatment No 10 (59 %) 185.4+15.28 48.21+3.594 168.2+11.79 48.07+1.93
Yes 7 (41 %) 186+13.4 49.32+3.095 175.2+9.734 50+0
Axillary surgery 0.205P 0.232b 0.5b 0.235°
No 10 (59 %) 232.1+37.64 55.7+7.163 163+£19.39 45.18+4.825

Note: results in mean+SEM.
aValues for the mastectomy side. PMann-Whitney test. *Kruskal-Wallis test. Significance at p<0.05.
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Table 3. Mastectomy and dominant side and their relationship with baropodometric parameters.
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Anatomical

DISCUSSION

Mastectomy is a widespread surgical technique, which
might affect the mobility, thus, motor function can be
lessened due to this procedure. Patients after mastectomy
have muscular weakness and poor coordination.
Alterations of the mobility of the upper extremity
affect the lumbosacral spine leading to motor, and
also, structural changes. These alterations may explain
progressing deformities and unbalanced weight bearing
on the foot!. As can be seen on the statistical findings of
our research, there is a significant difference between the
mean pressure of patients who have had a dominant-side
mastectomy compared to those patients who have had a
non-dominant side mastectomy (p=0.054). Furthermore,
our results showed a higher mean pressure on the
mastectomy side compared to the healthy side with a
percentage of 50.82+2.866 vs 49.18+2.866 respectively.

This is similar to what was found by Koralewska ez a/.14,
which studied 52 women after unilateral mastectomy.
According to their results the mean+ SD weight bearing
distribution on the amputated side was 50.10 + 4.86
compared to 49.90 + 4.86 on the non-amputated side.

In addition, Benton ez 4/.¢ described that, women who
experienced surgical mastectomy on their dominant

side demonstrated a significant imbalance in upper
extremity strength, and that a progressive resistance
training program only two days a week, over an eight-
week period can reverse that imbalance. These results may
have an influence on spine and weight bearing balance,
supporting the results described in our study related
to a higher mean pressure on patients who have had a
dominant-side mastectomy.

Regarding to women in Colombia, there is little
evidence specifically related to baropodometry after a
mastectomy, however, in our previous article a higher
static load towards the operated side of 10 breast cancer
patients at anatomical position was described. Conversely,
when the sustentation polygon was smaller, with feet
together, the static load leans towards the non-operated
side. However, none of the comparisons showed a
statistical significance!®.

Other authors have reported that a good external
breast prosthesis can help women after mastectomy to
improve their body image and body posture, and those
elements could have a positive impact on socialization
and self-confidence!>1. In addition, there is a greater
static load distribution between both feet after the use of
the prosthesis. This could translate into a better weight
distribution on the load vector during daily activities
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. Feet together
position
Parameters
. Mean Static Mean Static
Patients
pressure p load P pressure p load p
(KPa)? (%)? (KPa)a (%)
Right 16 (94 %) 204.9+11.35 51.71+3 48.79+1.206 172.4+9.071
Laterality - - - -
Left 1(6 %) 98.6 36.5 50 170.7
Right 11 (65%) 173.7£12.96 44.04+2.273 179.7+11.12 48.25+1.755
Surgery side 0.007° <0.001° 0.128° 0.647°
Left 6 (35 %) 239.3+235 63.25+2.787 158.7+12.13 5010
Mastectom 17
Mastectomy . y 196.9+13.79 50.82+2.866 172.3+8.521 48.86+1.135
- side (100 %)
side vs 17 0.475¢ 0.423¢ - 0.5¢
healthy Healthy side (100 %) 199.1+20.94 49.18+2.866 172.3+8.521 51.14+1.135
0,
Dominant Yes 7 (41 %) 227.2+22.16 52.43+4.069 177.1+12.48 47.24+2.757
side 0.054b 0.309b 0.300° 0.411b
0,
mastectomy No 10 (59 %) 175.6+£14.95 49.69+4.094 168.9+11.98 50+0
Dominant Yes 10 (41 %) 199.9+29.8 50.31+4.094 168.9+11.98 5010
. 0.36° 0.3b 0.300° 0.4°
side healthy No 7 (59 %) 198+30.6 47.57+4.069 177.1+12.48 52.76+2.757
Note: results in mean+SEM.
aAnatomical position values of the mastectomy side. PMann-Whitney test. “Mann Whitney test. Significance at p<0.05
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that imply balance and gait changes, such as going up
and down stairs, walking through various terrains and
carrying large objects. Likewise, the baropodometry
reported that using and implant aids weight distribution
on both feet, an element that contributes to the postural
stability of patients who have had a mastectomy!!.

Furthermore, the recommendation based on these
findings is the use of an external hypoallergenic silicone
prosthesis whose development begins from the geometric
analysis of the existing breast shape, taking as reference
the size that the woman wears in her underwear and
elements that determine the geometry of the implant
such symmetries, asymmetries, fixation points of the
breast on the trunk and details such as the nipples. The
requirements of patients who have had a mastectomy
based on their perception and through the anatomical
location of the existing breast, combined with numerical
and mathematical calculations on the breast, translates
into a design that preserves those anthropometric
similarities of the female bust, thus consciously
promoting the feeling of having a part of their body
with themself.

Glowacka-Mrotek ez al., described that mastectomy
patients did not distribute weight onto both sides
similarly, and the difference is statistically significant (p
<0.001). The motive behind unbalanced weight bearing
has to do whit limited mobility of joints, abnormal
posture or weakness of leg muscle. Additionally, they
described that pes cavus is more common on the
operated breast side, while pes planus, with collapse of
transverse arch is more common on the non-operated
side. Moreover, they report that 58.8 % of the studied
patients utilized external prosthesis throughout the day
and 37.5 % occasionally. Not wearing an external breast
prosthesis might result in deformities of the bone and
abnormalities in the body axis'!. Henceforth, adjuvant
treatment is an additional issue affecting posture after a
mastectomy, producing weakness of postural muscles of
the torso, and leading to defects of the bonel”.

Our study reported that factors such as a mastectomy
on the dominant side and radiotherapy treatments are the
greatest precursors of muscular and postural imbalances,
together with changes in static and dynamic balance,
evidenced by a greater distribution of the plantar load
vector on the dominant side. This is explained by pain,
inflammation in adjacent muscle tissues and fascial
fibrosis caused by radiotherapy, which cause a significant
decrease in mobility in the lumbar, thoracic and scapular
segment. These alterations are caused by body instability
and asymmetry generated by the absence of the breast
on the muscle chains!S.

According to a meta-analysis a total of 21 out of 29
studies there is evidence that breast cancer survivors
display gait and balance impairments that may result
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from reduced muscle strength and loss in proprioception,
which are common adverse effects from breast cancer
treatment such as radiotherapy and chemotherapy.
Additionally, breast cancer patients appear to have worse
balance when the visual and proprioceptive systems were
challenged, which is the case of the feet together and
one-legged positions. The review recommends to assess
gait and balance during and following treatment using
a force plate which better detects changes in stability!’.

Evidence reported that proper foot posture and weight
distribution are important elements ensuring overall
postural stability. These elements have an impact on
reduced mobility and balance disorders, leading to higher
probability of falls®. Likewise, changes to foot shape
and deformities decrease the quality of life?!. Plantar
load distribution is an indicator of stability in terms of
postural balance and frailty?2.

As exposed by Glowacka-Mrotek ez al., the posture
of the foot and the load distribution are healthier in
persons with good physical shape and with an active
lifestyle. Frequently, women limit physical activity after
mastectomy, which might be the motive for progression
of structural deformities of joints and bones!™.

Finally, the evidence suggests the need to improve the
rehabilitation scheme for women undergoing mastectomy,
which should not only approach the physical function,
but contain reeducation of gait, exercises for muscular
balance and improvement of dynamic and static balance.
According to the guidelines of the American College of
Sports Medicine, exercise is safe as well as effective for
patients with cancer, and there is robust evidence about
posterior effects in issues such as, health-related quality
of life, fatigue, physical function, anxiety, depressive
symptoms, as well as lymphedema?®. The guideline, in
absence of any evidence-based fall prevention studies in
cancer survivors, recommend to consider standard fall
prevention with exercise approaches that may be of use
in advanced age?!?2.

There is a need to develop studies with a larger study
population regarding the baropodometric alterations
after a mastectomy, and the possible effect of external
prosthesis on the functional response. Including elements
such as control group, an assessment before surgery and
long-term analyses.

In conclusion, the current results for our study
evidenced the unbalanced weight distribution in
patients after mastectomy. Therefore, it describes the
postural and muscular alterations, and the static and
dynamic imbalance in breast cancer patients. The
existing physical therapy approach for breast cancer
patients emphasizes on shoulder mobility restrictions
and lymphedema treatment, leaving behind other
important comorbidities that may impact daily activities
such as balance and proprioception. There is a need
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to improve oncology rehabilitation by promoting a CONFLICT OF INTERESTS

comprehensive model seeking for the patient’s benefit.

Physical therapy interventions should include education The authors declare that they have no conflict of
about biomechanical and balance alterations which  interests.

could have a positive impact on life quality, favoring the

patient functionality and re-adaptation to social and

occupational life.
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These results show the need for enlargement of the
knowledge on this field and further study in oncology Center for Research and Business Development
rehabilitation, specifically adapted to the patient needs  (CIDE).

and long-term comorbidities.
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