Aim of the study: There is little known
about any change in postural balance
caused by asymmetrical volume in-
crease due to unilateral upper ex-
tremity lymphedema in patients who
underwent breast surgery. The aim of
this study was to determine whether
there is a change in postural balance
by measuring postural sway velocity
(PSV), center of gravity (CoG) displace-
ment and directional control (DCL) in
patients with unilateral upper extrem-
ity lymphedema in breast cancer sur-
vivors.

Material and methods: Eighteen fe-
males 38-60 (M = 53) years old di-
agnosed with upper extremity lymph-
edema due to breast cancer surgery,
and 18 healthy females with similar
ages (M = 52.5) were assessed using
the Balance Master system (Neuro
Com, Clackamas, USA). Unilateral
stance (US) and bilateral stance (BS)
tests in eyes open and closed condi-
tions and the limit of stability (LOS)
test were applied to quantify postur-
al sway velocity (PSV), CoG displace-
ment, and directional control (DCL).
Results: The lymphedema group
showed a significant increase in PSV in
the US test on the ipsilateral leg with
eyes open (p = 0.02) and eyes closed
(p = 0.005) as well as on the contra-
lateral leg with eyes open (p = 0.004)
and eyes closed (p = 0.0001). Average
displacement and position of the CoG
were 25% of LOS (p = 0.0001) towards
the lymphedema side and 60.6 de-
grees respectively. DCL in the lymph-
edema group was significantly lower in
forward (p = 0.0001), back (p = 0.003),
ipsilateral (p = 0.002), and contralater-
al (p = 0.03) directions.

Conclusions: These findings suggest
that unilateral upper extremity lymph-
edema may have challenging effects
on postural balance.

Key words: upper extremity, lymphede-
ma, postural stability, postural sway,
breast cancer.
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Introduction

Any deviation in the location of the centre of gravity (CoG) by leaning to-
wards any direction on the supporting surface is described as postural sway,
and can be assessed by using a force platform. The cause of sway may be de-
scribed as an active search process to find the best possible position at a given
moment, and an output of a control process to maintain this position. Howev-
er, many factors may play a certain role in degradation of the postural stability
by means of increasing postural sway such as disability of the sensory-motor
system [1] as well as weight asymmetry such as amputation [2] and unilateral
weight carriage [3] or unilateral volume change in the upper body [4].

Lymphedema is a severe, chronic and progressive complication in breast
cancer survivors; it causes chronic and progressive swelling of the arm,
shoulder, neck, or upper trunk from physical compression or disruption of
the axillary lymphatic channels from surgery or radiation therapy [5]. Un-
treated lymphedema may also cause chronic inflammation, cellulitis, pain,
fatigue, inability to work, cosmetic deformity, and a significant decrease in
mobility and functional status, and use of the affected extremity [6-8]. Sen-
sations of heaviness, fullness, tightness and paresthesia in the affected side
may disturb upright posture [9]. Diminished cutaneous sensation and lim-
itation in fine balancing movement of the upper extremity, and probably an
increased limb volume compared to the normal arm, may reduce the ability
to maintain postural stability [10]. Until now, not enough attention has been
paid to investigate the potential effect of unilateral volume increase caused
by upper extremity lymphedema on postural stability. According to an ear-
lier study, lymphedema did not cause an alteration of spinal posture [11]. It
was the only study that currently exists in the literature investigating the
relationship between lymphedema and spinal posture, but it was not clear
whether any change was found in overall postural stability and position of
the CoG. To date, there have been no published data known to the present
authors whether the CoG is displaced because of asymmetrical volume in-
crease. Therefore, the aim of this study was to determine whether there is
a change in overall postural stability by measuring postural sway velocity,
displacement of CoG and directional control in patients with unilateral up-
per extremity lymphedema.

Material and methods
Participants

Eighteen females patients aged 38-60 years old diagnosed with upper ex-
tremity lymphedema due to breast cancer surgery were included in the study.
The participants had modified radical mastectomy. Axillary lymph node dis-
section was performed to remove levels | and Il of underarm lymph nodes.
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Average duration of lymph node removal was 15.2 +9.5
(5-25) years, and average duration of the lymphedema was
3.3 #3.5 (1-7) years. All participants had moderate lymph-
edema according to the lymphedema severity assessment
described elsewhere [12]. Eligible participants were required
to have completed at least one year after surgery and adju-
vant therapy [13]. Adjuvant radiation was delivered to the
affected breast (usually the anterior chest wall) and to the
lymph nodes under the arm at the collarbone.

Eighteen healthy females with similar ages were re-
cruited for the control group. Demographic data for both
groups are presented in Table 1. Subjects with severe ar-
thritis or orthopedic conditions in their lower extremity, or
poor conditioning, acute pain in any reason, neurological
disorders including visual problems, and patients older
than 65 years old were excluded from the study. All par-
ticipants signed an informed consent form. The study was
approved with code 860-GOA by the University Ethical
Committee and all tests were conducted according to the
latest revision of the Declaration of Helsinki.

Equipment

All the participants were assessed using the Balance
Master system (version 8.1, NeuroCom, International,
Clackamas, Oregon, USA). The Balance Master system is
a computerized device that provides real-time movement
analysis on a force platform for objective assessment and
comprehensive documentation of postural control. It has
the capacity to objectively assess the individual’s ability to
perform specific balance tasks essential to daily living [14].
The Balance Master consists of a force platform connect-
ed to a computer, with a software program that continu-
ously monitors the position and movement of the center
of gravity (CoG). The patient stands on the force platform
and faces the monitor. Force sensors under the force plat-
form measure the vertical forces exerted by the patient’s
feet. The computer receives force measurements from the
dual force platform, analyses the information, generates
a screen display, and prints a graphical and numerical re-
port. The data and results from each test are stored on the
hard disk of the computer in a uniquely named file [14, 15].

Test procedure

Unilateral stance (US) test, bilateral stance (BS) test
and limit of stability (LOS) test were selected for assess-
ment. Three trials were recorded for each test and the av-
erage values of the three trials were included in the statis-

Table 1. Demographic data for lymphedema and control groups

Demographic Lymphedema group

variables M (95% Cl)
Age (years) 53.0 (50.0-56.6)
Body weight (kg) 75.0 (66.8-87.8)
Body height (cm) 161.0 (159.0-167.6)
Body mass index 29.7 (24.9-32.4)

M —median; Cl - confidence interval

tical analysis. The length of each trial was 10 seconds for
US and BS tests, and eight seconds for the LOS target trial.
The subjects were instructed not to consume any caffeine
or alcohol for 48 hours prior to the testing procedure. Be-
fore starting the test, the subjects were instructed about
the test procedure. The subjects were advised to stand as
close as possible to a vertical position that they perceived.
All tests were performed as described elsewhere [14, 15]:

Unilateral Stance (US) Test: The unilateral stance (US)
test was selected to quantify postural sway. Postural sway
was assessed by measuring sway velocity of the CoG ex-
pressed in degrees per second (Fig. 1). Relative absent of
sway was considered as stability. The participants in the
study group were asked to stand on their foot on the
lymphedema side (ipsilateral foot) over the force platform
with eyes open and then with eyes closed as described [14,
15]. If the subjects lost their balance within 10 seconds,
the trial was marked as a fall. The same assessments were
also performed for the contralateral foot. The US test was
performed for the control group while they were standing
on their right, and then left foot.

Limits of Stability (LOS) Test: In the present study, the
limit of stability (LOS) test was employed to quantify direc-
tional control (DCL) within the maximum distance a per-
son can intentionally displace their CoG by leaning their
body toward targets on the front, right front, right, right
back, back, left back, left and left front directions without
losing balance. Scores from front, right front and left front
are combined to provide an average forward score. Aver-
age backward, right and left scores were also computed
from corresponding directions by the system software
(NeuroCom Data Analyzer 8.1). DCL was quantified as
comparing the amount of movement in the intended di-
rection (straight line) toward the target and the amount of
extraneous movement away from the straight line [14, 15].
A straight line from the center to the target represents per-
fect DCL equal to 100% LOS, while extraneous movements
indicate lower DCL and increased postural sway around
the straight line (Fig. 2). The subjects were asked to stand
on both their feet over the force platform. At the beginning
of the test, the position of the CoG was displayed as a cur-
sor at the center of the screen, and the subject could con-
trol it by weight shifting. When the sign appeared on one
of the eight boxes, the subject leaned quickly and accu-
rately to move the cursor toward the highlighted box and
held the cursor in the box until the sign disappeared. The
same procedure was followed for the other seven target
boxes on the screen.

Control group z p
M (95% ClI)
52.5 (46.4-60.2) 0.19 0.85
68.5 (62.8-74.6) 2.01 0.05
164.0 (160.0-166.8) 0.20 0.84
25.7 (23.8-27.8) 1.84 0.07
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Fig. 1. The unilateral stance test quantifies postural sway velocity
in a patient standing on either the right or left foot on the force
platform with eyes open and eyes closed. CoG1 represents center
of gravity over the support base at the beginning of the unilateral
stance test. At a given moment, center of gravity is displaced to
CoG2 position due to postural sway. Sway velocity is described as
swapped degrees (0) per second during movement of CoG from first
to second position

Bilateral Stance (BS) Test: The bilateral stance test was
selected to quantify the position of the CoG in the upright
position with eyes open and eyes closed. The subjects
were asked to stand on both their feet over the force plat-
form and hold their position as still as possible to minimize
the postural sway. CoG alignment reflects the patient’s
CoG position relative to the center of the support base.
Data gathered from eyes open and eyes closed conditions
were computed by the system software for average CoG
displacement. Amount of displacement was represented
by the distance between the center of the support base
and the point that the CoG displaced, and expressed as
the percentage of the LOS. The position of the CoG was
exhibited by a degree value in one of the four quadrants in
the elliptic shape representing the LOS (Fig. 3).

Statistical analysis

The Mann-Whitney U test was performed to compute
the difference between groups using the SPSS 11 package
for Windows. This nonparametric test was selected be-
cause of the small sample size and lack of normal distribu-
tion of data in each group. As there was no significant dif-
ference between data obtained from right and left sides of
the participants in the control group, data collected from
the right side were included in the statistical analysis. Sta-
tistical significance was set at a. < 0.05 for all analyses.

Results

The results revealed that unilateral upper extremity
lymphedema had a significant effect on postural stabili-
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Fig. 2. Limit of stability test is employed to quantify directional
control within the maximum distance a person can intentionally
displace their center of gravity by leaning their body toward a giv-
en direction. Directional control is a comparison of the amount of
movement in the intended direction (towards the target) to the
amount of extraneous movement while leaning towards the target.
Straight line from center to target represents perfect directional con-
trol equal to 100% of limit of stability, while extraneous movement
indicates postural sway around the straight line
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Fig. 3. Circles represent center of gravity of each participant and
filled circle indicates median for center of gravity position in lymph-
edema group. Squares represent individual center of gravity, and
filled square indicates median for center of gravity position in
control group. Center of gravity position was 60.65 degrees at first
quadrant of ellipse shape boundary of limit of stability. Displace-
ment of center of gravity from center of the support base was 25%
of limit of stability in lymphedema group

ty. During the US, postural sway velocity on the ipsilateral
foot with eyes opened and eyes closed, and on the contra-
lateral foot with eyes opened and eyes closed were found
to be higher in the lymphedema group than the control
group (Table 2). Difference of the sway velocity between
the two groups were significant for the ipsilateral leg with
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Table 2. Comparison of postural stability variables for lymphedema and control groups

Variables Lymphedema group Control group yA p

M (95% ClI) M (95% Cl)
US test for PSV (degrees/second)
EO ipsilateral side vs. control 1.62 (1.02-4.60) 0.90 (0.84-1.22) 2.30 0.02
EO contralateral side vs. control 2.35 (0.90-4.70) 0.90 (0.84-1.22) 2.87 0.004
EO ipsilateral side vs. contralateral side 1.62 (1.02-4.60) 2.35 (0.90-4.70) 0.73 0.47 NS
EC ipsilateral side vs. control 3.97 (2.64-4.64) 1.90 (1.54-3.02) 2.80 0.005
EC contralateral side vs. control 5.37 (3.52-8.46) 1.90 (1.54-3.02) 3.88 0.0001
EC ipsilateral side vs. contralateral side 3.97 (2.64-4.64) 5.37 (3.52-8.46) 2.12 0.03
LOS test for DCL (% LOS)
Forward lymphedema group vs. control 74.5 (71.4-81.0) 86.5 (84.4-89.0) 4.12 0.0001
Backward lymphedema group vs. control 72.0 (58.8-77.2) 80.0 (76.8-84.6) 2.98 0.003
Ipsilateral side vs. control 75.5 (69.0-80.6) 84.0 (80.0-86.6) 3.04 0.002
Contralateral side vs. control 84.0 (80.0-86.6) 79.5 (77.4-83.6) 2.12 0.034
Ipsilateral side vs. contralateral side 75.5 (69.0-80.6) 79.5 (77.4-83.6) 1.33 0.18 NS
BS test for CoGD (% LOS)
Lymphedema group vs. control 25.0 (22.0-34.8) 15.0 (13.4-18.0) 4.64 0.0001

NS — non-significant; M — median; Cl — confidence interval; US — unilateral stance; PSV — postural sway velocity; EO — eyes open; EC — eyes closed; LOS —

limit of

stability; DCL — directional control; BS — bilateral stance; CoGD — center of gravity displacement

eyes open (Z = 2.30, p = 0.02) and eyes closed (Z = 2.80,
p = 0.005), and on the contralateral leg with eyes open
(Z=2.87,p=0.004) and eyes closed (Z = 3.88, p = 0.0001).
These results confirm that participants with lymphedema
have increased postural sway, indicating poor postural sta-
bility compared to the control group. An increased range of
postural sway was also detected with the US on the con-
tralateral side in eyes closed conditions when compared
to the ipsilateral side (Z = 3.97, p = 0.03).

Significant displacement of the CoG was found in the
lymphedema group towards the ipsilateral side during
the BS test, while control group values were within nor-
mal limits. The average CoG position was falling in the
first quadrant of the ellipse shape boundary of the LOS
that was the side of the upper extremity with lymphede-
ma (Fig. 3). Average displacement and position of the CoG
were 25% of LOS (Z = 4.64, p = 0.0001), and 60.6 degrees
(Z =2.86, p = 0.004) respectively (Table 2).

DCL were calculated as the percentage of the total LOS.
There was increased extraneous movement but decreased
direct movement toward each target in the lymphedema
group. DCL values exerted from the lymphedema group
were significantly smaller in forward (Z = 4.12, p = 0.0001),
back (Z = 2.98, p = 0.003), ipsilateral (Z = 3.04, p = 0.002),
and contralateral (Z = 2.12, p = 0.03) directions (Table 2).
These results also indicate poor directional control in sub-
jects with lymphedema during movement from the center
to the targets.

Discussion

Postural stability is one of the most important com-
ponents for normal function, and it is necessary in daily
activities such as walking or climbing the stairs. The main-
tenance of postural stability that reflects the contribution

of many different joints and muscles manifests as postural
sway. While lymphedema is a common health problem of
women who suffer from breast cancer that affects their
functional status negatively [7, 9, 16, 17], it was not clear
that whether there were any changes in postural stability
by means of CoG displacement with respect to the cen-
ter of the support base and postural sway, and directional
control in unilateral upper extremity lymphedema. In the
present study, the results indicated that there was signif-
icant displacement of the CoG towards the lymphedema
side and increased postural sway in the lymphedema
group.

While the BS requires one to keep the CoG over the cen-
ter of the support base, asymmetric loading of the extrem-
ities results in CoG displacement [2, 18, 19]. A similar result
was also found in the present study indicating that the
average CoG was displaced towards the lymphedema side
at an amount of 25% of LOS with 60.6 degrees in the first
quadrant of the ellipse shape boundary of the LOS (Fig. 3).
This clearly indicated the positional change of the CoG to-
wards the lymphedema side due to increased volume and
therefore a heavier upper extremity with lymphedema.

Unilateral weight carrying in the upright standing posi-
tion may be the best example that simulates this condition
in the present study to understand the underlying mecha-
nism of why the CoG is displaced toward the affected side.
Hence, several experimental studies, which were carried
out to investigate the effect of unilateral weight carrying
on upright posture, revealed that when individuals carry
the load on one side, they shift their body weight toward
the load and the CoG is displaced to the ipsilateral side of
the load [19, 20]. Besides that, the magnitude of postural
sway was found to be affected by unequal body weight
distribution [21] as the load displaced the CoG closer to
the boundary of the LOS, resulting in decreased postural
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stability. This supports the result in the present study that
there was a significant increase in postural sway in the
lymphedema group specifically in eyes closed conditions
during the US test. The postural sway was even higher on
the contralateral side in eyes closed conditions when com-
pared to the ipsilateral side. These findings may indicate
that controlling the location of the CoG became difficult
because the distance from the local CoG of the upper ex-
tremity with lymphedema to the contralateral supporting
lower extremity was greater than the distance to the ipsi-
lateral side. A similar result was also obtained by Haddad
et al. [19], who found that postural sway was greater on
the contralateral side with unilateral weight carrying.

Similar to the findings in the current study and the uni-
lateral weight carrying studies in the literature, Greitemann
et al. [2] found that unilateral upper limb amputation also
caused CoG displacement toward the normal side and
therefore resulted in the development of an asymmetric
posture. However, the amputee compensated the loss of
weight by shifting the upper trunk to the side of the am-
putation in order to get the center of gravity over the legs.
Maintaining the postural stability in these two conditions
of unilateral weight gain in lymphedema and unilateral
weight loss in upper extremity amputation may have dif-
ferent mechanisms. While an individual with upper extrem-
ity amputation displaces the CoG to the amputated side to
compensate the asymmetrical posture, an individual with
unilateral upper extremity lymphedema probably leans to-
ward the ipsilateral side to provide space for the larger arm.
However, the lack of published data is a major challenge to
make this statement in the present study.

As a variable of the LOS test, DCL quantifies how well the
individual keeps the CoG in a straight line during voluntary
movement from the central position to the pre-determined
target. Any detected extraneous movement that disrupts
the CoG from a straight line of trajectory indicates increased
postural sway during the voluntary movement towards the
given direction. It has been reported that subjects who have
increased postural sway also have lower ability to maintain
postural stability [22]. In the present study, DCL in forward,
back, ipsilateral and contralateral directions was found to be
significantly lower in the lymphedema group. For subjects in
the lymphedema group, the average position of the CoG was
in the first quadrant (Fig. 3) and already in an advanced posi-
tion at the beginning of the movement toward ipsilateral and
forward directions during the LOS test. Therefore DCL could
not reach 100% LOS even if no extraneous movement ex-
isted. However, extraneous movements always exist during
standing and voluntary movement of the CoG from the cen-
tral position to the pre-determined target has been hypoth-
esized [23]. This probably resulted in lower DCL in ipsilateral
and forward directions in the lymphedema group. On the
other hand, longer distance between the displaced CoG and
the target on the contralateral side might also cause more
extraneous movement, and probably results in lower DCL
in the contralateral direction. DCL in the backward direction
was also found to be low in the lymphedema group. It might
be assumed that, when an individual pays full attention to
lean backward to the pre-determined target, minimizing the
extraneous movement in the mediolateral direction becomes

difficult due to asymmetrical posture. Similar results were
found in previous studies reporting that if one direction is
focused for reducing postural sway, increased postural sway
occurs in other directions [23, 24]. When a subject leans back-
ward with coordinated contraction of the anterior and poste-
rior muscles at the ankle, it might be difficult to coordinate
the contraction of the mediolateral muscles to stabilize the
ankle because of the complexity of the task, as was observed
in previous studies [23].

In conclusion, reduced DCL and increased postural
sway, and CoG displacement to the lymphedema side,
were detected in the lymphedema group. Lack of quantifi-
cation of the additional weight gained in the left upper ex-
tremity due to lymphedema and the small number of par-
ticipants were the main limitations of the current study.
However, the differences between the two groups remain
remarkable, and further studies are warranted to confirm
the changes of postural stability in patients with unilater-
al upper extremity lymphedema. The rehabilitation team
may also take the results into account for improvement of
the postural stability within the overall treatment plan in
breast cancer survivors.

The authors declare no conflict of interest.
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