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Abstract Breast cancer (BC) is one of the most frequent cancers in women, and breast cancer-
T | related lymphedema (BCRL) is a common side effect of BC treatment. When the
lymphatic drainage system is damaged, lymphedema develops, which further exacer-
bates swelling and leads to pain, an increase in limb circumference, a reduction in joint
range of motion, and a decrease in the use of the affected hand for functional tasks.
Handgrip strength is essential for performing upper limb functional daily activities. Less
is known about the long-term effects of lymphedema on hand function. The objective
of the study was estimation of hand function impairment in BC survivors with
lymphedema. This study was carried out by randomly selecting 100 out of 1,200
women with lymphedema, aged between 40 and 80 years, and who underwent
sentinel lymph node biopsy along with radiotherapy, were included in this study. The
handgrip strength was tested using an electronic handheld dynamometer. The
functional wrist and hand scales were used to evaluate hand function. The Michigan
Hand Outcome Questionnaire (MHQ) was used to evaluate the hand’s overall function.
A statistical analysis was done using SPSS statistical software (version 23.0). Handgrip
strength of the affected hand by BCRL when compared with the unaffected hand was
reduced. Functional hand and wrist scale have shown very poor results of the affected
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Keywords hand when compared with the unaffected hand. Majority of participants in the MHQ
= breast cancer were unsatisfied with the overall functioning of the hand (p <0.0001). This study
= lymphedema concluded that there was significant hand function impairment in BC survivors with
= hand function lymphedema. BCRL had a negative impact on daily activities of the individual and also
= quality of life affected the mental, emotional, and social aspects. BCRL also had an impact on overall
= grip strength self-reported physical function and quality of life.
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Introduction

Cancer is a collection of diseases caused by the uncontrolled
growth and division of abnormal cells, which, if uncontrolled
further, may lead to death. It may be both hereditary and
epigenetic." Many more individuals die from cancer than
from AIDS, TB, and malaria combined.? There were 18 million
new instances of cancer diagnosed in 2018, with lung, breast,
and prostate cancers accounting for the majority of these
cases (2.09 million, 2.09 million, and 1.28 million, respec-
tively).3 The most frequent type of cancer among women is
breast cancer (BC), which has the highest mortality rate
worldwide.? Despite screening mammography and a decline
in mortality, the incidence of BC in women has been rising
over the past 10 years.4

BC patients are managed with a variety of surgical tech-
niques, including breast conserving surgery, modified radical
mastectomy (RC), and RC.> Even in patients with axillary
lymph node (LN) positivity, sentinel lymph node dissection
(SLND) has replaced axillary lymph node dissection (ALND)
as the standard axillary staging method for early BC.® In order
to locate sentinel LNs and decide whether to remove them
based on the findings of frozen sections, 1 mL of 0.8% indigo
carmine dye is intradermally injected in four directions
around the areola before surgery.” Radiation therapy
improves patient survival rates and decreases the likelihood
of local BC recurrence.? Upper extremity lymphedema is the
most frequent of the many problems that can arise from
radiotherapy.®~"" SLND BC patients have a lower incidence of
breast cancer-related lymphedema (BCRL; 0-7%) compared
to ALND patients.'? Furthermore, radiotherapy administered
following surgery increases the risk of BCRL more than cases
in which just surgery is carried out; radiotherapy adminis-
tered at an axillary site greatly raises the risk of BCRL.'%1"13

The lymphatic system has channels that carry fluid and
plasma proteins from interstitial tissue to the blood circulation.
When the lymphatic drainage system is compromised, the flow
of lymphatic fluid is disrupted, fluids build up in the tissue, and
lymphedema develops.'* Lymphedema is defined as a connec-
tive tissue condition that results from damage to the normal
lymphatic drainage and develops in the subcutaneous tissues.'”
According to the International Society of Lymphology, staging
lymphedema is divided into four stages: stage 0 (latent lymph-
edema) refers to lymph flow impairment following injury
without any apparent signs of edema or swelling; stage 1
(spontaneously reversible lymphedema), which is characterized
by noticeable swelling or edema that subsides with elevation or
compressive therapy, stage 2 lymphedema is a progressive form
of edema that does not completely respond to conventional
therapies, stage 3 (lymphostatic elephantiasis) is the last stage,
and is characterized by severe, long-term swelling, fibrosis, and
lipid deposition, which produces thickened, firm tissues in the
form of hyperkeratosis. Hence, this lymphedema may further
cause swelling.'® Patient’s quality of life is negatively impacted
by lymphedema in numerous ways.'”-'® Compression bandag-
ing, donning a sleeve or glove, manual lymphatic drainage, and
pneumatic pumping are all effective treatments for this condi-
tion, which may be reversible. If the edema is allowed to worsen
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without receiving treatment, the volume will expand, the arm
will begin to weigh more, and the result will cause pain and
discomfort.'41%-20

Increased limb circumference, reduced range of motion in
affected joints, stiffness, sensory loss in the hand, and
decreased use of the affected limb for functional tasks are
the main signs and symptoms of lymphedema.?' Radiother-
apy may also affect muscle metabolism, which leads in
muscle wasting and a decline in muscle strength and fit-
ness.?? For carrying out upper limb functional everyday
activities, handgrip strength is crucial. In order to execute
an effective and thorough clinical assessment and interven-
tion to address any impairments or functional limits in
women with BCRL, it is crucial to objectively assess handgrip
strength and hand function.'”-?3-%

There has been little study done to assess hand function in BC
patients after surgery and radiotherapy, both objectively and
subjectively. As a result, the goal of this study is to estimate the
hand function impairment in women with BCRL using objective
and subjective outcome measures. This will provide more clarity
and precision concerning the extent to which these women
perform functional activities of daily life than subjective evalu-
ation alone, which will greatly improve clinical practice.

Materials and Methods

This was a cross-sectional study and was carried out in the
tertiary care hospital’s BC survivorship support group for
about 6 months. Ethical clearance was obtained from the
Ethical Committee of Krishna Vishwa Vidyapeeth, Karad
(Protocol number: 049/2022-2023) The purpose of the study
was explained to each individual and written consent was
obtained. Women between the ages of 40 and 80 who had
undergone sentinel lymph node dissection (SLND) or radio-
therapy and had been diagnosed with lymphedema and its
associated symptoms were chosen for the study. Postopera-
tive radiation was given to all the patients. Patients were
positioned on a table in a supine or contralateral-side-down
oblique position for the procedure, with the ipsilateral hand
behind the head. The average time from surgery or radio-
therapy to evaluation was around 6 months. The manuscript
was written in accordance with Consolidated Standards of
Reporting Trials (CONSORT) principles. Any woman with a
history of traumatic musculoskeletal injuries, neurological
deficits, or patients who underwent surgery for BC but did
not have lymphedema were excluded from the study. A total
of 100 women were chosen at random from a group of 1,200
using a simple random selection technique, and the random-
ization was carried out using the computerized SPSS soft-
ware based on inclusion and exclusion criteria. In this study,
grip strength of the hand as well as functional strength of the
hand and wrist were assessed.

Data Collection Tools

Handheld Dynamometer
To test an objective evaluation of handgrip strength, an elec-
tronic hand dynamometer was employed. The participants



were told to hold the hand dynamometer with their shoulder
relaxed, their forearm supported in a neutral position, and
their elbow and wrist flexed 90 degrees. The greatest outcome
for each hand on the hand dynamometer was recorded after
subjects were encouraged to push it three times as hard as they
could.

Functional Wrist and Hand Scale

A functional wrist and hand scale was used to provide a
subjective evaluation of the hand strength of individuals
with BCRL. This scale was scored using a 4-point system:
unable to perform the task: 0, complete task partially: 1,
complete task but is slow and clumsy: 2, and perform tasks
normally: 3.

Michigan Hand Outcome Questionnaire

It is an accurate and valid tool for assessing hand function. It
is a task-specific tool that evaluates hand function through
the use of six subquestionnaires. The scale was useful in
evaluating a person’s general hand function, daily activities,
work performance, pain, aesthetics, and level of pleasure
with hand function. The most appropriate option had to be
chosen by the subject, and the score was then determined.
The Michigan Hand Outcome Questionnaire (MHQ) Scoring
method was used to normalize the score. The sum of the
scores from each of the six scales was divided by six to
produce the final MHQ Score. Following that, a score out of
100 is determined. A greater rating means that the hand’s
overall functioning is better. A lower score indicates poor
hand function.

Statistical Analysis

The statistical program SPSS (version 23.0) was used to
conduct the analysis. This software was also used to calculate
the mean and standard deviation of grip strength, wrist
function, and hand function. The data collected were sta-
tistically evaluated using descriptive statistics like percent-
age, mean, and standard deviation. A percentage was
computed for each of the following variables: hand domi-
nance, population type, age, body mass index (BMI), and
hand affected by BCRL. The t-test was employed to compare
the outcomes of the affected and unaffected handgrip
strength, hand and wrist function, and hand and wrist
motion.

Results

The data collected were compiled, statistical analysis was
performed using descriptive statistics like mean, standard
deviation, percentage, and t-test was used to compare the
outcomes of handgrip strength and hand function of both the
affected and nonaffected hand.

Demographic Variables

In total, 100 women between the ages of 40 and 80 had
breast surgery combined with radiation and lymphedema.
Majority of the 100 participants were between the ages of
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50 and 60, while only 12% of the participants were between
the ages of 70 and 80. Only 12% of the participants were left
hand-dominant, with the highest value being 38% suffering
from left hand-impacted BCRL. The majority of the partic-
ipants were right hand-dominant, with 62% of them having
right hand-affected BCRL. The vast majority of people lived
in rural areas. Eighty-nine percent of participants came
from rural areas, and the remaining 11% were from urban
areas. The results of the study revealed that BC affected an
individual’s overall health. Approximately 82% of the
patients had a normal BMI, 12% were underweight, and
just 6% were identified as being overweight while having
BC. Data about the patients’ demographics are displayed
in =Table 1.

Handgrip Strength

Our study indicated that women with BCRL (14.851 +2.768)
have less grip strength in their affected hand compared to
their unaffected hand (22.484 +4.505). Additionally, it was
shown that women with right hand-impacted BCRL and right
hand-dominance had better grip strength than women with
left hand-impacted BCRL and right hand-dominance. Addi-
tionally, the data indicated that grip strength decreased with
advancing age, BMI, and lymphedema severity. The precision
and prehension grasp, which are required for fine motor
functions of the hand, are also impacted by a decrease in
handgrip strength. =Table 2 shows the comparison of the
handgrip strength of the affected and nonaffected hand.

Table 1 Patient demographics

Parameters Number of Percentage of
participants participants

Age (years)

40 to 50 29 29%

50 to 60 30 30%

60 to 70 29 29%

70 to 80 12 12%

Dominant hand

Right 88 88%

Left 12 12%

Type of population

Urban 11 11%

Rural 89 89%

Body mass index (kg/m?)

Below 18.5 12 12%

18.5 to 24.9 82 82%

25 to 29.9 6 6%

Hand affected with BCRL

Right 62 62%

Left 38 38%

Abbreviation: BCRL, breast cancer-related lymphedema.
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Table 2 Michigan Hand Outcome Questionnaire

Parameters Mean + standard deviation Standard error of mean p-Value
Overall hand function 53.65+6.066 0.6066 <0.0001
Activities of daily living 21.51+£0.7849 0.07849 <0.0001
Work performance 34.45 +8.525 0.8525 <0.0001
Pain scale 27.6 +£5.662 0.5662 <0.0001
Aesthetic scale 61.3+£11.70 1.171 <0.0001
Satisfaction with hand function 44.68 +10.081 1.008 <0.0001
Total score 40.35+3.056 0.3056 <0.0001

Table 3 Comparison of handgrip strength of the affected and
nonaffected hand

Table 4 Comparison of the hand and wrist function of the
affected and nonaffected hand

Hand and Wrist Function

Compared to the unaffected hand, the affected hand and
wrist function performed poorly. This study shows that
although there was no significance in the functional mobility
of the hands in patients whose dominant or nondominant
arm was affected, the functional mobility of the affected
hand was considerably lower than that of the unaffected
hand in these individuals. Along with the advancing age, BMI,
and severity of hand edema, functional hand mobility also
reduced. Most frequently mentioned limitations included
diminished fine motor skills such as those required to pick up
a pen, decreased upper extremity strength, limited range of
motion, carrying capacity, and bending. = Table 3 shows the
comparison of the functional hand and wrist scale between
the affected and the nonaffected hand.

Hand Function

A patient’s overall score on the MHQ (40.35 +3.056) was
acquired, and it was compared with the questionnaire’s
typical score. The patient’s scores on the MHQ were consid-
erably lower. With rising edema severity, BMI, and advancing
age, these ratings also revealed a strong correlation between
declining hand function, a reduced ability to execute activi-
ties of daily living, and a decline in work performance. It has
been observed that radiation increases the chances of BCRL
after surgery. The score for the affected hand was much lower
than for the unaffected hand, which made it more challeng-
ing for women to carry out their everyday activities. Women
with lymphedema of the dominant arm had significantly
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Parameter Affected | Nonaffected | Difference Parameter Affected | Nonaffected | Difference
hand hand hand hand

Mean 14.851 22.484 —7.633 Mean 25.121 47.727 —22.606

Standard deviation | 2.768 4.505 4.387 Standard deviation | 1.58 6.808 7.066

Standard error 0.2886 0.4697 0.4574 Standard error 0.1588 0.6842 0.7102

Median 15.1 22.1 -7 t value 31.83

t value 16.686 p-value <0.0001

p-value <0.0001

superior daily functioning skills than those with lymphede-
ma of the nondominant arm. It was also seen that the extent
of hand function impairment and the level of satisfaction
varied with different professions. Additionally, this ques-
tionnaire’s component revealed that the negative impacts of
BCRL on women’s physical, emotional, and interpersonal
functioning had an impact on their professional
lives. = Table 4 shows the MHQ.

The results showed that lymphedema had negatively
affected the people’s overall hand functioning due to their
decreased grip strength, loss of prehension activities, in-
crease in task time, restriction of finger flexion and exten-
sion, and restricted wrist motions. Additionally, the study’s
findings showed that the lymphedema caused by BC had a
significant negative impact on handgrip strength.

Discussion

This study “Estimation of Hand Function Impairment in
Breast Cancer Survivors with Lymphedema” was conducted
to estimate the hand function and grip strength of the BC
survivors with lymphedema. Study was conducted among
the BC women with lymphedema between the age of 40 and
80 years who underwent surgery and radiotherapy. A total of
100 women were included in this study. The purpose of the
study was to identify the effect of BCRL on hand function. The
present study showed that the overall functioning of the
hand was significantly affected. The results of the study
indicate that handgrip strength is severely affected due to
the lymphedema caused secondary to BC. Furthermore,



power grip and precision grip strength were also shown to be
significantly reduced.

BC survivors may experience axillary web syndrome,
frozen shoulder, numbness, shoulder pain and range of
motion restriction, lymphostasis and lymphedema following
breast surgery, ALND, radiotherapy, and chemotherapy.'*
Among these, lymphedema is the most common complica-
tion in the BC treatment. According to many studies, the
majority of cases of lymphedema develop within the first 1 to
2 years following the primary treatment. Norman et al
mentioned in their study that mild type of lymphedema is
most common in these patients. It was previously reported
that 60 to 70% of cases with upper extremity lymphedema
affected the hand area. Hand edema adversely affects daily
activities and mobility.?® After breast surgery, it has been
shown to produce upper strength limb impairment, which
can compromise grip strength, hand function, and daily
activities.”” Gomes et al mentioned that 6 months after
the surgery, there is change in the body composition and
handgrip strength of the BC survivors.?!

In one study it was seen that in women with BCRL, wrist
joint and tiny joints are involved in the kinesthetic sense,
which lowers the force production during gripping tasks,
which could be the reason for grip strength reduction in
these participants. In our study, handgrip strength was
assessed by handheld dynamometer (Intraclass correlation
coefficient [ICC]=0.986), hand strength was assessed by
functional hand and wrist scale (ICC=0.92), and the overall
hand function and activities of daily living was assessed by
MHQ (ICC=0.71-0.84 for the subscales).?830 All were
assessed on the affected side (mostly which was operated)
and was compared with the nonaffected side. In this study
the overall hand function scale score assessed movements of
the wrist and fingers, sensation in the hand, grip strength of
hand, and thus overall functioning of the hand was seen
impaired. Shinde et al mentioned that lymphedema in the
hand and wrist cause a reduction in the range of motion of
the wrist and fingers as well as the beginning of wrist
extension and finger flexion.”’

When polled after completing treatment, 13 to 28% of BC
survivors experienced limits in everyday activities and
the degree of dysfunction and level of satisfaction varied
with different professions. This study evaluated the partici-
pants with BCRL for activities of daily living tasks, such as
taking up heavy and large things, scribbling, simulating feed-
ing, etc., which demanded both a power grip and a precision
grip which was decreased and hence, hand function was
impaired. This decreased hand function may be caused by a
decrease in grip strength, both power and precision, and a
decrease in kinesthetic awareness, suggesting that handgrip
strength impairment affects how efficiently the hands func-
tion.?” In our study, task time was increased and also partic-
ipants showed reduction in strength and hence, strength plays
an important role in performing various hand functions.

In one study, difference percentage between two arms is
reported and results showed that handgrip strength and
hand function reductions in BCRL women were clinically
significant, as evidenced by moderate-to-large effect sizes in
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all outcomes, except power handgrip strength in the left
hand and this reduced precision and power grip strength will
affect how well an activity is performed.3? Activities like tip,
key, and tripod pinching using precision grip strength de-
mand finer motor control and are more likely dependent on
intact feeling. Decrease in grip strength, loss of kinesthetic
awareness in extreme cases, loss of prehension activities,
increase in task time, restriction in finger flexion and exten-
sion, and restricted wrist motions owing to lymphedema left
the people miserable with their overall hand functioning.>

In this study, the scale assessed the activities that can be
performed using one hand and the activities that require the
use of both hands simultaneously. The BCRL had an impact
on single-handed tasks like twisting a doorknob and picking
up a penny, holding a glass of water, and turning a key in a
lock. Activities that required the simulative engagement of
both hands were likewise affected by BCRL. Functional
mobility and daily living activities of the upper extremity
are greatly impacted by BCRL. Furthermore, women with
BCRL may have weakness, restriction of shoulder range of
motion and decreased quality of life, as well as decreased
daily functioning abilities, fatigue, and motivation.?3-27-34-36

Another study showed that participants with BCRL had an
unpleasant sense of self and were preoccupied with their
appearance. Women'’s professional lives were impacted by
BCRL's detrimental effects on their physical, emotional, and
interpersonal functioning, also they have been proven to
experience anxiety and to be more susceptible to unfavor-
able social and interpersonal interaction alterations.>”3® In
our study participants showed great dissatisfaction with the
work performance of the hand affected by BCRL. Additional-
ly, the participants’ fatigue brought on by the intensity of the
pain caused them to stop working frequently, which extend-
ed the time required to finish the work. Also, these lymph-
edema-related symptoms negatively affected the
participants’ physical health as well as faced emotional
difficulties which directly have an impact on women'’s pro-
fessional lives. Physical challenges include reduced upper
extremity strength due to pain and swelling associated with
BCRL when they are engaged in activities like lifting and
typing at work. The emotional disruptions caused by lymph-
edema in BC patients have a significant emotional impact
and are linked to lower quality of life3° Lymphedema
symptoms cause distress that has behavioral, social, and
attribute components. Participants described how continu-
ing lymphedema-related symptoms increased physical dis-
comfort and caused “distress” and “frustration” in their daily
lives regularly.*

Vassard et al (2010), mentioned that this lymphedema
diagnoses have been linked with social avoidance, aberrant
body image, sexual dysfunction, anxiety, and depression.>°
In our study it was seen that, BCRL had a negative impact on
individuals’ social lives, which made it challenging for them
to participate in social events. Also, these individuals com-
plained about others acting inappropriately toward them at
home, at work, and at the office, which increased their
anxiety and stress. In severe situations, being dependent on
others for daily living tasks damaged the individual's
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emotional stability and results in them feeling reliant on
others. There are many studies which show the short-term
changes in handgrip strength, body composition, and
lymphedema due to BC surgery. Our study focuses on extent
of hand function impairment in BC survivors with lymph-
edema and how it has an impact on women'’s daily activities
and quality of life including mental, emotional, and social
aspects.

During the period of the study, some limitations in this
study were acknowledged. The study’s results cannot be
generalized to all types of cancer due to the limited group
size. It was confined to a single geographic area. The study’s
duration was also strictly enforced. A larger sample size
would yield better findings. The results of the current study
highlight the necessity of developing rehabilitation programs
with a multidisciplinary approach for patients with hand
function impairment in BC survivors as their daily activities
and quality of life are impacted, rather than focusing solely
on hand rehabilitation.

Conclusion

This study concluded that there was significant hand func-
tion impairment in BC survivors with lymphedema. BCRL
had a negative impact on daily activities of the individual and
also affects in mental, emotional, and social aspects. BCRL
also had an impact on overall self-reported physical function
and quality of life.
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