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Abstract

PURPOSE: This study investigated shortterm changes in body composition, handgrip strength, and presence of lymphedema
in women who underwent breast cancer surgery. METHODS: Ninety-five women participated in a cross-sectional study,
divided info two groups: Control (n=46), with healthy women, and Experimental (n=49), with women six months affer
breast cancer surgery . The Experimental Group was subdivided info right total masfectomy (RTM, n=15), left fotal
mastectomy (LTM, n=11), right quadrant (RQ, n=13), and left quadrant (LQ, n=10). It was also redistributed among
women with presence (n=10) or absence (n=39) of lymphedema. Presence of lymphedema, handgrip strength, and
body composition were assessed. RESULTS: Trunk lean mass and handgrip strength were decreased in the Experimental
Group. Total lean mass was increased in the LTM compared fo RTM or LQ. Left handgrip strength in LTM was decreased
compared to RTM and RQ and in LQ compared to RTM and RQ. Finally, total lean mass, trunk fat mass, trunk lean mass,
right and left arm lean mass were increased in women with lymphedema. CONCLUSIONS: Breast cancer survivors have
changes in their body composition and in handgrip strength six months after surgery; however, the interaction between
the type of surgery and its impact is unclear. Furthermore, women who developed lymphedema in this period showed
more significant changes in the body composition, but they were not enough to cause impairment in handgrip strength.

Resumo

OBJETIVO: Este estudo investigou alteragdes de curto prazo na composicdo corporal, na forga de preenséo palmar
e na presenca de linfedema em mulheres submetidas & cirurgia do cancer de mama. METODOS: Noventa e cinco
mulheres participaram de um estudo transversal, sendo divididas em dois grupos: Controle [n=46), mulheres saudaveis,
e Experimental (n=49), mulheres seis meses apds cirurgia do céncer de mama. O Grupo Experimental foi subdividido
em mastectomia total direita (RTM, n=15), mastectomia tofal esquerda (LTM, n=11), quadrantectomia direita (RQ,
n=13] e quadrantectomia esquerda (LQ, n=10). Também foi redistribuido entre mulheres com presenca (n=10) ou
auséncia [n=39) de linfedema. Foram avaliadas a presenca de linfedema, a forga de preenséo palmar e a composicdo
corporal. RESULTADOS: A massa magra de fronco e a forga de preensdo palmar estavam diminuidas no Grupo
Experimental. Massa magra tofal estava aumentada na LTM comparada & RTM ou LQ. Forga de preensdo palmar
esquerda na LTM esfava diminuida comparada & RTM e RQ e em LQ comparada & RTM e RQ. Finalmente, massa
magra fofal, magra e gorda de fronco e massa magra de brago esquerdo e direito estavam aumentadas em mulheres
com linfedema. CONCLUSOES: Sobreviventes do cancer de mama possuem alteragdes na composicdo corporal e na
forca de preenséo palmar seis meses apés a cirurgia, porém a interagdo entre o fipo de cirurgia e seu impacto ndo
estd clara. Além disso, mulheres que desenvolveram linfedema neste periodo mostraram alteragdes mais significantes
na composicdo corporal, mas que néo foram suficientes para causar prejuizo na forca de preensdo palmar.
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Introduction

Despite advances in the surgical methods used for
breast cancer treatment, the postsurgery period is crucial
due to the possibility of developing complications, such
as lymphedema, reduction in muscle function, decrease
in upper limb muscle, and handgrip strength'~.

With improved outcomes and more women surviv-
ing breast cancer, long-term morbidities of treatment,
including lymphedema, gain importance. The most
evident clinical manifestation is a significant increase in
the volume of the injured limb, which is the result of
an impairment in the ability of the lymphatic system to
drain proteins and macromolecules of the interstitium.
Lymphedema-associated signs and symptoms are increased
limb diameter, stiffness, and decreased range of movement
of affected limb joints, sensory disorders in the hand, and
decrease in the limb use for functional tasks’.

In addition to the existence of lymphedema,
symptoms such as reduced shoulder-neck mobil-
ity?, shoulder-neck pain’, fatigue®, decrease upper
limb strength’ have been demonstrated in survivors.
These symptoms promote functional limitations like
decreased levels of physical activity and weight gain®.
Loss of lean mass and simultaneous gains in fat mass
are amongst the most common side effects following
treatment for breast cancer’, and it is becoming an im-
portant marker for women who have been diagnosed'”,
50 to 96% of those submitted to a mastectomy show
an increase in fat mass after surgery''.

The assessment of muscle strength by the handgrip
strength test has been widely utilized in different condi-
tions, for example, in breast cancer survivors. It is the
most frequently used indicator of the muscle function
and functional capacity for clinical purposes'? and it is an
important correlate of health. Handgrip strength test can
be recommended as an adjuvant method of assessment,
which can help with efficiency of clinical practice’.

Body composition, lymphedema, and handgrip
strength are intrinsically associated with breast cancer.
Analyzing the impact of these postsurgical symptoms
can optimize the treatment program and prognosis.
Therefore, the aim of this study was to investigate
short-term changes in body composition, handgrip
strength, and presence of lymphedema in women who
underwent breast cancer surgery.

Methods

Patient selection
A total of 95 women participated in a cross-sectional
study, which was carried out from May to December
2013. The volunteers were divided into two groups:

Control (CG), that consisted of 46 women aged 51 to
54 years, without active disease or osteoarticular limi-
tations; and the Experimental Group (EG), including
49 women who underwent total mastectomy and con-
comitant sentinel lymph node biopsy or quadrantectomy
from November 2012 to June 2013, as well as adjuvant
treatment. These volunteers were referred to the Study
Center and Care in Physiotherapy and Rehabilitation
(CEAFIR) six months after surgery, and all assessments
were conducted at such period of time.

The EG was subdivided according to the type
of surgery, as follows: right total mastectomy (RTM,
n=15); left total mastectomy (LTM, n=11); right
quadrantectomy (RQ, n=13); and left quadrantectomy
(LQ, n=10). It was also redistributed among women
with presence (n=10) or absence (n=39) of lymphedema.
Women presenting bilateral breast cancer surgery or
bilateral lymphedema, being ambidextrous, perform-
ing radiotherapy or chemotherapy at the time of the
study and having orthopedic diseases were excluded
from the investigation.

The Ethics Committee of Faculdade de Ciéncias e
Tecnologia of Universidade Estadual Paulista “Jilio de
Mesquita Filho” — FCT/Unesp (protocol number 27/2010)
approved the study according to the National Committee
for Ethics in Research (CONEP). All women provided
the informed written consent, which included consent
for participation in the study and to publish the findings.

Design

The volunteers (CG and EG) underwent a medical
history and a physical assessment at the CEAFIR from
FCT/Unesp. Both medical history and physical assessment
were conducted by two physiotherapists who remained
together in all assessments until the end of the study.
Presence of lymphedema, handgrip strength, and body
composition were measured six months after breast cancer
surgery (from May to December 2013).

Lymphedema

Lymphedema was evidenced by segmental arm cir-
cumference. Measurements were obtained 5, 10, 15, and
20 cm above and below the bilateral antecubital fossa
on the ipsilateral and contralateral limbs. Presence of
lymphedema was considered when there was a difference
exceeding 1 cm compared to the contralateral limb and
to the CG, therefore, from the mild degree'’.

Each point (5, 10, 15, and 20 cm) was measured three
times and the final result was determined by the mean
values. To perform the segmental arm circumference, it
was used an inextensible metallic tape of the Sanny® brand
(American Medical of Brasil Ltda., Sao Paulo, Brazil), with
0.1 cm precision and 2 m maximum extension.
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Handgrip strength

A calibrated dynamometer was used to assess
handgrip strength (Hydraulic Hand Dynamometer
SH5001, SAEHAN Corporation) with response values
in kilogram-force (kgf). Women were comfortably seated
on a chair without armrests. The shoulder was adductive
and neutrally rotated, with the elbow at a 90° flexion, and
the forearm and wrist in a neutral position.

Women were instructed to grip the dynamometer
with maximum strength in response to a voice com-
mand and after returning to neutral condition. Three
trials were performed on each side, alternately, with a
rest period of at least one minute between trials of the
same hand. The highest value of each side was used to
represent the handgrip strength. Contralateral limb and
CG were used as standard. The CG values were standard-

ized according to a cross-sectional study conducted in
3,050 healthy adults'.

Body composition

Body composition was measured through the Dual
Energy X-ray Absorptiometry (DEX), Lunar DPX-NT
model (Lunar/GE Corp, Madison, Wisconsin), software
4.7, which uses the model of three compartments (lean
body mass, fat mass, and body mineral). This technique
allows measuring total body composition and segment.
The procedure lasted approximately 15 minutes and did
not require aid of volunteers, however, participants should
remain in a supine position with their feet in a neutral
position and hands flat by their sides.

During the assessment, the following data were
analyzed: percentage of total fat (%), fat mass (kg),
and lean mass (kg) in trunk and upper limbs. The cut
points between arms and trunk were determined by
using software calculations. For technical error calcula-
tion of the DEX, 12 women who did not participate
in the study were assessed for two consecutive days,
by at least an evaluator. Based on the results obtained,
the estimated error was: 1.48% in total body fat,
1.38% in trunk fat mass, 2.06% in total lean mass,
and 2.79% in bone mineral density. The CG was
used as standard. The CG values were standardized

according to a cross-sectional study conducted in
5,635 healthy adults®.

Statistical analysis

The Kolmogorov-Smirnov (KS) normality test
was applied to determine the composition of all data
analyzed in the Gaussian distribution model, and
the parametric analysis was based on the parameters
derived from the KS.

The sample characterization was presented by
descriptive analysis for age, weight and height.
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The mean and standard error were analyzed. For such
variables, the Student’s #-test (independent samples)
was used with means of comparison between the
groups. For the EG, the frequency was calculated
according to the type of surgery and presence or
absence of lymphedema.

The Student’s 7-test (independent samples) was used to
compare the two groups that presented presence or absence
of lymphedema. After division of the EG, the normality of
data was tested with the KS test. Nonparametric methods
were applied, and the comparison was performed using
Kruskal-Wallis test. All analyses were conducted using
the program SPSS, version 17.0 (SPSS Inc, Chicago, IL)
and a 5% statistical significance.

Results

Table 1 presents the general characteristics of the
CG and EG. Age, weight, and height were homogeneous
between groups, and 95% of women were right-handed.
All women in the EG underwent simultaneous adjuvant
therapy (chemotherapy, radiotherapy or hormone therapy),
20% had lymphedema six months after surgery and
quadrantectomy, and mastectomy — right or left — showed
a similar distribution in the EG.

Table 1. General characteristics

Characteristics (¢} EG p-valve
Age (years) 52.7 (0.8) 542(1.0) 0.3
Weight (kg) 67.7(2.3) 68.2(1.9) 0.8
Height (cm) 1.57 (0.8) 1.57.(0.9) 10

Upper limb dominance

Right-handed 44 (95.6%) 47 (95.9%) =

Left-handed 2 (4.3%) 2 (4.0%) =
Adjuvant treatment

Chemotherapy - 34 (69.3%) -

Radiotherapy - 31 (63.2%) -

Hormone therapy = 18 (36.7%) =
Lymphedema

Present = 10 (20.4%) =

Absent - 39 (79.5%) -
Surgery

Left quadrantectomy = 10 (20.4%) =

Right quadrantectomy = 13 (25.5%) =

Left total mastectomy - 11 (22.4%) =

Right total mastectomy — 15 (30.6%) =

Data presented as mean = standard error or number and percentage. *pvalue<0.05.
Student's Hest [independent samples); CG: Control Group (n=46); EG: Experimental
Group (n=49).
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The results of body composition and handgrip
strength between CG and EG are given in Table 2.
Trunk lean mass was decreased in the EG compared to
the CG (p=0.04). Right and left handgrip strengths were
lower in the EG compared to CG (p=0.0001); however,
right and left handgrip strengths between the sides are
similar in the EG.

Table 3 presents the body composition and handgrip
strength according to the type of surgery — LTM, RTM,
RQ, and LQ. Total lean mass was higher in women who
underwent LTM compared to RTM or LQ (p=0.04).

Left handgrip strength in LTM was decreased com-
pared to RTM and RQ (p=0.001) and in LQ compared
to RTM and RQ (p=0.001).

Table 2. Body composition and handgrip strength

Characteristics (4] EG t (p-value)
Total fat mass (kg) 29.5(10.4) 29.3(9.3) 0.1(0.9)
Total fat (%) 436 (7.7) 44.4 (6.4) 5(05)
Total lean mass (kg) 36.6 (5.8) 35.6 (4.7) .8 (0.9)
Trunk lean mass (kg) 17.3 (4.3) 15.9 (2.5 .0(0.04)
Right arm fat mass (kg) 12.9 (8.4) 14.3(9.3) 0(0.2)
Left arm fat mass (kg) 12.5(8.3) 13.5(8.9) .8 (0.4)
Right arm lean mass (kg) 20.1 (4.8) 19.7 (4.8) .6 (0.5)
Left arm lean mass (kg) 20.0 (5.2) 19.9 (6.2) .1(0.9)
Right handgrip strength (kgf) 26.3(7.8) 18.3(8.9) 6(0.0001)*
Left handgrip strength (kgf) 26.0(8.2) 18.8 (9.4) 3.9(0.0001)*

Body composition and handgrip strength accord-
ing to the presence or absence of lymphedema are given
in Table 4. Total lean mass (p=0.004), trunk fat mass
(p=0.05), trunk lean mass (p=0.005), right arm lean
mass (p=0.03), and left arm lean mass (p=0.01) were
increased in women with lymphedema six months af-
ter breast cancer surgery. However, handgrip strength
was unchanged, regardless of the presence or absence
of lymphedema.

Table 4. Comparison of hody composition and handgrip strength according to the presence
of lymphedema

Lymphedema
Characteristics t (p-value)
Absence Presence
Total fat mass (kg) 28.2 (8.4) 33.5(11.9) 1.6 (0.1)
Total body fat (%) 443 (6.8) 451 (5.2) 0.3(0.7)
Total lean mass (kg) 347 (3.7) 39.3(6.2) -3.0 (0.004)*
Trunk fat mass (kg) .6 (4.8) 17.3 (6.1) -2.0 (0.05) *
Trunk lean mass (kg) 4(18) 17.8 3.7) -2.9 (0.005)*
Right arm lean mass (kg) 9(0.4) 2.2 (0.3) -2.1(0.03)*
Left arm lean mass (kg) 9(0.4) 23(0.5) 24 (0.0D)*
Right arm fat mass (kg) 4(0.6) 1.5(0.8) 0.4 (0.6)
Right arm fat (%) 38.2(7.6) 38.6 (9.5 0.1(0.8)
Left arm fat mass (kg) .3(0.6) 1.6 (0.8) -1.2(0.2)
Left arm fat (%) 38.1(7.3) 38.2 (8.6) .06 (0.9
Right handgrip strength (kgf) .6 (9.5 17.4 (6.7) 0.3(0.7)
Left handgrip strength (kgf) 18.9 (10.0) 18.3 (7.0) 0.1(0.8)

Data presented as mean + standard error. *pvalue<0.05. Student's Hest (independent
samples). CG: Control Group (n=406); EG: Experimental Group (n=49).

Table 3. Body composition and handgrip strength according to the type of surgery

Data presented as mean * standard error. *pvalue<0.05. Studenf's Hest (independent
samples); absence (n=39); presence (n=10).

Type of surgery

Characteristics RTM LTm

RQ L0 p-value

Interquartile (25-75)

Interquartile (25-75)

Interquartile (25-75) Interquartile (25-75)

Total fat mass (kg) 25.9 (23.6-28.2) 35.2 (20.3-41.5)

30.0 (24.8-36.5) 26.8 (19.6-28.3) 0.2

% total fat 42.4 (39.1-47.3) 47.6 (36.7-52.2) 44.6 (42.2-49.6) 43.8 (41.0-47.0) 0.6
Total lean mass (kg) 34 4(33.1-36.8) 36 8 (35.0-41.7)° 33.8 (32.0-41.2) 32 4(29.9-37.0)° 0.04*
Trunk fat mass (kg) 1(11.2-15.3) 3(9.6-20.3) 13.9 (12.1-18.4) 6 (11.0-15.6) 0.4
% trunk fat 43 5 (40.3-51.2) 49 4 (37.7-53.0) 472 (42.3-52.2) 45, 6 (43.0-51.0) 08
Trunk lean mass (kg) 15.7 (14.7-16.0) .0(15.7-19.3) 14.9 (14.5-18.0) 7 (13.3-16.4) 0.07
Right arm fat mass (kg) 1.2 (0.9-1.6) 6(1.2-2.6) 3(0.9-2.0) 1(0.8-1.3) 0.08
Left arm fat mass (kg) 1.2(0.9-1.6) 5(0.9-1.8) 2(1.0-2.1) 2(0.8-1.4) 04
Right arm lean mass (kg) 1.9 (1.6-2.0) 0(1.9-2.4) 1(1.7-2.5) 8(1.6-2.3) 0.2
Left arm lean mass (kg) 2.0 (1.8-2.3) 0(1.6-2.4) 0(1.7-2.5 9(1.5-23) 0.6
Right handgrip strength (kgf) 18.0 (14.0-23.0) 0(9.0-23.0) 18 0 (14.0-22.0) 0(11.5-21.3) 0.6
Left handgrip strength (kgf) 20.0 (1.0-26.0) .0 (8.0-15.0)° 20.0 (17.0-25.5) 3 0(9.8-16.3)x 0.001*

Data presented as median and interquartile 25" to 75", KruskaWallis.

pvalue<O.05. °post hoc test with p<0.05 compared to RTM; *post hoc test with p<0.05 compared

fo LTM; post hoc test with p<0.05 compared to RQ; RTM: right total mastectomy (n=15); LTM: left total mastectomy (n=11); RQ: right quadrantectomy (n=13); LQ: left

quadrantectomy (n=10).
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Discussion

Approximately 230,000 women were diagnosed with
invasive breast cancer in 2011'°. Death rates have decreased
significantly over the past two decades, with five-year
survival rates of approximately 90%'". Although adjuvant
therapy combinations have improved survival, there are
reports of weight gain and unfavorable changes in body
composition'"'®. Furthermore, several authors postulated
that breast cancer survivors exhibit reduction in muscle
strength associated with cancer-related symptoms’*%.

Based on the results, it was observed that women who
underwent surgical treatment for breast cancer showed
decrease in trunk lean mass and in the right and left hand-
grip strengths compared to the CG. However, handgrip
strength between the sides was similar in EG therefore,
in this case, the dominance among upper limbs was not
decisive. The surgical procedure promoted impairment
in handgrip strength between the groups.

Prospective studies have shown that muscular strength,
as measured by the handgrip strength test, is inversely
associated with all-cause mortality?'-**. A cross-sectional
study including 95 breast cancer survivors in the initial
stage therapy (6 mos maximum) indicated several factors
that are negatively associated with handgrip strength such
as mood, fatigue, pain, hypersensitivity, neck-shoulder
mobility, fitness level, and physiologic parameters®.

For breast cancer survivors, simultaneous lean mass
loss with fat tissue accumulation, known as sarcopenic
obesity, is common®?°. The complete etiology of lean
mass loss in this population is unclear, however it seems
to be associated with poorer metabolic outcomes, such
as earlier onset of cardiovascular disease and metabolic
syndrome related diseases®’*. Inflammatory mediators
present as a result of the disease state and treatment®*'.

Such findings could also happen due to breast cancer
surgery, which affects the musculoskeletal components
and prolong the immobilization of the limb leading to a
decreased range of motion, retention of metabolites and
swelling, and even fibrous tissue*’. In addition, cancer
treatment, specially chemotherapy, promotes disruption
in muscle metabolism (adenosine triphosphate dysregu-
lation, cytokine dysregulation, deprivation of satellite
cells) and leads to wasting, which may impair muscle
strength® and reduce fitness level.

Several studies reported body composition changes in
women after breast cancer, but the relationship between
body composition and type of breast cancer surgery is not
documented' '8, In this study, women who underwent
LTM showed increased total lean mass compared to RTM
and LQ. Upper limb lean mass and fat mass did not differ
among types of surgery or between sides. The mechanism
by which this occurs is unclear. The increase in trunk lean

mass could be related to causes regardless of the type of
surgery. Another hypothesis for this finding is that the
assessment period is the threshold to begin remodeling
body composition.

In contrast, the left handgrip strength in women
who underwent LTM and LQ was decreased compared
to RTM and RQ. These data showed the relationship
between the operated limb and dominance. Besides high
percentage of right-handed women in the study, it is
likely that women who underwent LTM and LQ already
presented lower left handgrip strength that could have
been evidenced after surgery, since that ipsilateral limb
is most commonly affected®*.

Finally, 20.4% of women had lymphedema six
months after surgery, and body composition changes
were more evident compared to women who did not
develop lymphedema. Studies suggest that from 6 to
40% of breast cancer survivors will develop lymphedema
at some point during their lifetime®>~’. Dylke et al.”®
demonstrated that both the volumes of fat and lean
masses in the affected and unaffected limbs of those
with lymphedema are associated with whether it is
the dominant or non-dominant limb that is affected,
as well as the severity of lymphedema. The subgroup
with moderate to severe lymphedema had the greatest
inter-limb differences in fat and lean tissues®®. In this
study, all degrees of lymphedema were considered.

To date, research has found that in healthy popula-
tions, the right arm has slightly less fat and slightly more
lean tissues than the left arm?’. For individuals with
severe lymphedema, large increases in the volumes of fat
and lean tissues were found in the affected side®. In this
study, body composition changes in upper limbs and
trunk were also observed but it is not possible to infer a
mechanism that associates presence of lymphedema with
body composition changes.

Researchers have postulated that breast cancer survivors
exhibit reduction in muscle strength associated with cancer-
related symptoms'®?°. Interestingly, handgrip strength
in women with presence or absence of lymphedema was
similar. The time after surgery may have been decisive
for the results of this study. More significant changes in
body composition are observed according to the type of
surgery and presence of lymphedema six months after
surgery. Nevertheless, the handgrip strength was not
associated with presence of lymphedema.

Some limitations of the study could have contributed
to not be possible to clarify the relationship between body
composition and type of surgery, body composition and
presence of lymphedema, and lymphedema and handgrip
strength, such as: assessments conducted six months af-
ter surgery; different stages of lymphedema; no baseline
measures prior to surgery, comparisons between groups




were based on results of other women (CG) since this
group showed similar data to cross-sectional studies'®'>;
and limited number of participants in the study.

Body composition change of the trunk was a rel-
evant scientific finding. Investigations have reported
body composition changes only in the arm after breast
cancer’®%, Such alterations could cause onset of the

functional disorders like fatigue, pain, and movement
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