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Abstract
Goal of work The aim of the study was to investigate if
the International Classification of Functioning, Disability
and Health (ICF) model with clinical data from patients
with breast-cancer-related lymphedema can predict their
health-related quality of life (HRQL).
Materials and methods Sixty-one patients with breastcancer-related lymphedema were recruited. Data were
collected from records, including age, type(s) of surgery,
number of dissected lymph nodes and history of radiotherapy
and/or chemotherapy, duration of lymphedema, and duration
between surgery and enrollment. Excessive arm volume,
average arm symptom, function of upper extremity (U/E), and
HRQL were assessed four times during and after patients’
treatment of lymphedema.
Results The ICF model accounted for 20.5% to 55.6%
variance in each domain of HRQL. Activity and participation
reflected by U/E function were the most important factor,
significantly predicting every domain of HRQL. Among
measured impairments, average arm symptom was found to
be most correlated with U/E function (r=0.590, P<0.05).
Conclusion The ICF model consisting of clinical measures
for patients with breast-cancer-related lymphedema can
predict their HRQL. Activity and participation were the
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most important component. Arm symptoms rather than arm
volume significantly correlated with U/E function. This might
suggest that reducing arm symptoms is relatively more
important while treating patients with breast-cancer-related
lymphedema.
Keywords Breast cancer . Lymphedema . Impairment .
Disability . Quality of life

Introduction
The cancer registry system in Taiwan (population, 23
million) documents more than 6,000 new cases of breast
cancer every year. Treatments for breast cancer such as
surgery and radiotherapy cause damage to lymphatic
system that can result in clinically apparent lymphedema:
About 28% of patients postoperatively develop lymphedema [23]. Physical, psychological, and functional aspects
of life of these patients are affected [7, 25, 26, 33]. Among
all of the impairments expected to negatively affect a
patient’s life, the question arises of which influences quality
of life most.
Clinically, lymphedema is documented by limb volume
[1, 2, 14–16, 20, 21, 29, 31, 32, 34, 36], severity of fibrosis
[4, 6, 18, 31], body water composition [4], symptoms
related to lymphedema [1, 3, 11, 36], and upper extremity
function [4, 31]. Limb volume is the most popularly used
parameter. It is often measured by limb circumference
[15] or water displacement [20, 21, 29, 31, 34]. Both interand intra-rater reliability for these two methods are high
[5, 34, 35]. Arm symptoms reflect a patient’s subjective
feelings. The most common arm sensations are described
as tight, heavy, painful, hard, sore, uncomfortable, hot,
tumid, tingling, weak, and numb. These symptoms have
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good content validity from previous studies [1, 3, 11, 36].
Moreover, Mondry et al. [22] used a 100-mm line to
present the severity of the symptoms. With compensation
and help of the non-operated limb, swelling and symptoms
still hamper upper extremity function; thus, inconvenience
in activities of daily living continue to affect quality of
life. Disability of the Arm Shoulder and Hand Outcome
Questionnaire (DASH), a region-specific measure, developed to measure the upper extremity function, also shows
good validity and reliability [17]. There are 30 items in the
questionnaire: 21 items asking about the subjects ability to
perform different tasks and nine items relating to symptoms.
It uses a five-point scale with score 1 representing no
difficulty or no symptom. All of these measures involve
information that is clinically important in caring for patients
with breast-cancer-related lymphedema.
Physical therapists’ documentation was based for decades
on the Nagi model of disablement [24] and WHO’s
International Classification of Impairments, Disabilities, and
Handicaps (ICIDH) model [37]. Based on criticisms of the
ICIDH framework [12], WHO released a revised version in
2001 called the International Classification of Functioning,
Disability and Health (ICF) model [38]. The ICF model
provides a universal language for physical therapists in
research and clinical practice. It consists of the core
components of physical therapy practice, functioning,
activities, and participation.
It is unclear to what extent the previously mentioned
impairments shown in patients with breast-cancer-related
lymphedema affect the function of the upper extremity (U/E)
and health-related quality of life (HRQL). We hypothesized
that such clinical data do satisfy the ICF model. This study
was designed to investigate if the ICF model with clinical
data from patients with breast-cancer-related lymphedema
can predict their HRQL.

Patients and methods
The study was conducted prospectively from August 2004
to July 2006. Before commencement of the study, the study
protocol was approved by the ethics committee of our
hospital. A total of 61 patients with breast-cancer-related
lymphedema for at least 3 months were enrolled. Patients
who had undergone bilateral mastectomy, had metastases,
or had other systemic disease (such as cerebrovascular
disease, renal disease, or heart disease) that could cause
edema were excluded. All subjects were informed about
the study purpose and signed a written consent. Through
the whole treatment of lymphedema and follow-up
period, everyone underwent four consecutive evaluations.
Therefore, we acquired 244 evaluation data sets for
analysis from the 61 patients.
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Basic data, including age, body mass index (BMI)
(personal factors in ICF model), dominant side, surgery
type(s), number of dissected lymph nodes, and history of
radiotherapy and/or chemotherapy (environmental factors
in the ICF model), were collected from hospital records.
We assessed arm volume by water displacement. Both
arms were measured, and excessive arm volume was defined
as the difference between the operated and non-operated
side. The larger the excess volume, the more severe was the
visible arm swelling.
A total of 11 arm symptoms (described as tight, heavy,
painful, hard, sore, uncomfortable, hot, tumid, tingling,
weak, and numb) were assessed by a visual analog scale
(VAS). A higher VAS score reflected a more severe
symptom. Because symptoms were highly correlated with
each other, we used the average VAS of all 11 symptoms
for analysis of correlation and regression. Excess arm
volume and average arm symptom were assigned in the
body functions and structures component of the ICF model.
Function of the U/E, reflected as activity and participation
component, was assessed with the DASH questionnaire,
Chinese translation. The original score was transformed to a
score ranging from 0 to 100. A higher score indicated more
severe dysfunction.
HRQL was assessed by the European Organization for
Research and Treatment (EORTC) QLQ-C30 and EORTC
QLQ-BR23 questionnaires. Fifty-three questions were
aggregated, including one global HRQL measure, nine
functional scales, and 13 symptom scales. For this paper,
we only reported the global HRQL measure and seven
functional scales. That was because we already had 11 arm
symptoms related to lymphedema. Moreover, the symptom
scales in these two questionnaires were more related to the
breast cancer, not so closely related to lymphedema. Two
functional scales, sexual functioning and sexual enjoyment,
were also omitted in this report because there was too much
missing data. The absence of such data may be due to the
conservative culture in this country. A higher score
indicated a better status in global health status and
functional scales.
All data were processed and analyzed by SPSS version
11.0 (SPSS, Chicago, IL).1 The Shapiro–Wilk test was used
to examine normality of all variables. Descriptive
statistics was used to present baseline data. Correlations
among measures in each component (body functions and
structures, environmental factors, personal factors, and
activities and participation) of the ICF model were
assessed using Spearman’s correlation test or Pearson’s
correlation test. Multiple linear regression analysis was
used to find the predictors of HRQL in the ICF model.
To determine factors affecting each domain of HRQL
1

SPSS version 11.0 (SPSS, Chicago, IL, USA).
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(EROTC QLQ C-30 and EROTC QLQ BR-23), univariate
analysis or bivariate correlation was first carried out.
Significant predictors were then used as independent
variables in the further stepwise multiple regressions. The
potential independent variables included age, BMI, surgical
type, CT, RT, number of lymph node dissected, lymphedema on dominanat hand, average arm symptom, excessive
arm volume, and DASH score. Square of the correlation
coefficient (r2) is the coefficient of determination, which
represented the percentage of the total variance in the scales
of dependent variables, and can be explained by the
independent variables. The α level was set at 0.05.

Results
Mean age of the 61 patients was 54.0 years (SD=8.9, range=
36–75). Their BMI was 24.7 kg/m2 (SD=3.8, range=17.9–
40.3). Types of surgery and treatment characteristics are
summarized in Table 1. Descriptive data regarding arm
symptoms, arm excess volume, and DASH score are
summarized in Table 2. We found that upper extremity
dysfunction was not prominent (score 15.7±13.0). Tightness
and tumidness were the most severe (VAS=3.7) and most
frequent (over 90%) symptoms among all measured.
Functional scale data from the QLQ C-30 and QLQ BR-23
are summarized in Table 3. Global health status (66.9±21.7),
body image (78.4±21.0), and future perspective (56.4±29.7)
were the three worst scales.
We developed an ICF model for patients with breastcancer-related lymphedema. Correlations among measures in
each component of the ICF model were investigated and were
listed in Table 4. Average arm symptom was significantly
correlated with history of chemotherapy (r=0.207, P<0.05).
Excessive arm volume was significantly correlated with age
Table 1 The surgery types and treatment characteristics (N=61)
Number
Surgery types
Radical mastectomy
Modified radical mastectomy
Simple mastectomy
Breast conservation surgery
Radiotherapy
Chemotherapy
Lymphedema on dominant hand
Number of lymph node dissected
(mean (SD))
Duration of lymphedema
(month, mean (SD))
Duration between surgery and
enrollment (month, mean (SD))

2
50
4
5
46
55
36
18.9 (9.0)
33.7 (39.7)
61.4 (54.8)

Percentage

3.3
82.0
6.6
8.2
75.4
90.2
59.0

Table 2 The descriptive data of arm symptoms, excessive arm
volume, and function (N=244)
Mean (SD)

Arm symptoms (VAS)
Tight
Heavy
Pain
Hard
Sore
Uncomfortable
Hot
Tumid
Tingle
Weak
Numb
Average arm symptom
Excessive arm volume (ml)
Function (DASH)

3.7
3.2
1.7
3.1
2.7
3.1
1.7
3.7
1.6
2.5
2.3
2.7
466.2
15.7

Median

(2.8)
(2.8)
(2.4)
(2.9)
(2.9)
(3.0)
(2.4)
(3.1)
(2.4)
(3.0)
(3.0)
(2.4)
(318.6)
(13.0)

% of patient
with the
symptom

3.2
2.3
0.5
2.2

94.3
87.3
61.9
88.1

1.6
2.1
0.5
2.8
0.2
0.9
0.8
1.8
361.3
13.3

76.6
87.3
58.2
91.8
54.9
64.3
65.6

VAS visual analog scale, DASH Disability of the Arm Shoulder and
Hand Outcome Questionnaire

(r=0.325, P<0.05), BMI (r=0.393, P≤0.05), and history of
chemotherapy (r=0.167, P<0.05). DASH functional score
was significantly correlated with age (r=0.140, P<0.05),
history of chemotherapy (r=0.149, P<0.05), and average
arm symptom (r=0.590, P<0.05).
Stepwise multiple linear regression was used to predict
domains of HRQL (EROTC QLQ C-30 and EROTC QLQ
BR-23) with measures in each component in the ICF
model, and results were shown in Table 5. DASH
functional score was the most important predictor, significantly influencing every domain of HRQL. Physical
functional domain and role functional domain were most
predictable with only one or two variables, and the R2
values were 0.556 and 0.539, respectively. All domains
Table 3 The descriptive data of functional scales in EORTC QLQ-C30
and QLQ-BR23 questionnaires (N=244)
Scales of HRQL

Mean (SD)

Global health status
Physical functional
Role functional
Emotional functional
Cognitive functional
Social functional
Body image
Future perspective

66.9
85.4
82.6
80.4
81.4
82.1
78.4
56.4

(21.7)
(13.1)
(21.1)
(21.1)
(19.1)
(22.1)
(21.0)
(29.7)

Median
66.7
86.7
100.0
83.3
83.3
83.3
83.3
66.7
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Table 4 Correlations among measures in each component (body
functions and structures, environmental factors, personal factors,
activities, and participation) of ICF model

Personal factors
Agea
BMIb
Environmental factors
Surgical typeb

Average
symptom

Excessive
arm volume

DASH

0.022
0.007

0.325*
0.393*

0.140*
−0.123

0.054

−0.084

0.051

0.047
0.167*
−0.020

0.113
0.149*
−0.032

0.094
0.034

−0.003
0.590*
−0.056

Radiotherapyb
0.085
Chemotherapyb
0.207*
Numbera
0.030
Body functions and structures
Sideb
−0.062
a
Average symptom
Excessive arm volumea

traumatic brain injury. It seems that the life satisfaction of
this patient population was more unpredictable than that of
our patients.
Among the components of the ICF model, activity and
participation (DASH score in this study) were the most
important factor, significantly predicting every domain of
HRQL, especially the physical functional and role functional domains. Our findings are in line with those of
others. Pierce et al. [27] also found that participation was
the strongest predictor. Hack et al. [10] found that
symptoms and associated disabilities were significant
predictors of quality of life among patients. According to
Engel’s 5-year prospective study in breast cancer patients,
quality of life was significantly lower (P<0.001) for
patients with arm difficulties [8]. However, in Rietman’s
study [28], they did not consider disability a predictor.
Instead, they found that the physical functioning domain in
HRQL could be predicted by age and impairments (e.g.,
shoulder flexion limitation, grip strength, and arm volume)
and accounted for 52% of variance. In our study, age as the
personal factor, surgical type in environmental factors, and
average arm symptom in body functions and structures each
significantly predicted four domains (Table 5).
Which impairment best correlated with the function of
our patients? Average arm symptom was found to be the
most tightly correlated. Clinically, physical therapists put
much emphasis on reducing swelling of the arms, but
perhaps we should shift attention to improving arm
symptoms, not just circumference or volume. Although
many of the arm symptoms are closely related to arm
volume, in Rietman’s study [28], they showed that
disability was predicted mostly by one arm symptom and
pain (61%). Arm swelling did not have a significant
correlation with function. Segerström et al. [30] also found
rather low relative risks between the presence of arm edema
and estimated disabilities. That finding also suggests that
physicians should not decide a patient’s need of medical
help only according to arm volume.
Rather than use the measured symptom of pain as most
studies have done, we measured 11 related symptoms and
derived an average symptom score. We found that only history

Surgical type types of surgery underwent, Number number of lymph
node dissected, Side if lymphedema on dominant hand, Symptom
average of arm symptoms in visual analog scale, DASH Disability of
the Arm Shoulder and Hand Outcome Questionnaire, functional score
*P<0.05
a

Pearson’s correlation

b

Spearman’s correlation

could be predicted by components in the ICF model with
R2 values ranging from 0.205 (body image domain) to
0.556 (physical functional domain).

Discussion
The results of this study indicate that an ICF model
constructed with clinical measures used by physical therapists
can readily explain the HRQL of patients with breast-cancerrelated lymphedema. Results of multiple regression analysis
showed that clinical measures accounted for 20.5% to 55.6%
in each domain of HRQL (Table 5). In the study by Pierce et
al. [27], they found the combination of ICF components only
accounted for 17% of life satisfaction among patients with
Table 5 Results of multiple
linear regression for the
predictors of domains of HRQL
(EROTC QLQ C-30 and
EROTC QLQ BR-23)
r2 square of the correlation
coefficient, the coefficient of
determination, DASH Disability of
the Arm Shoulder and Hand
Outcome Questionnaire,
CT chemotherapy, RT radiotherapy,
BMI body mass index

Scales of HRQL

Predictors

r2

Global health status
Physical functional
Role functional
Emotional functional
Cognitive functional
Social functional
Body image
Future perspective

DASH,
DASH,
DASH
DASH,
DASH,
DASH,
DASH,
DASH,

0.297
0.556
0.539
0.463
0.343
0.381
0.205
0.362

CT, average arm symptom, excessive arm volume, surgical type
age
average arm symptom, surgical type, RT
RT, excessive arm volume, age
surgical type, BMI
age, average arm symptom
age, BMI, average arm symptom, surgical type
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of chemotherapy in environmental factors significantly
correlated with average symptom and function. Hack et al.
[10] also found that pain severity correlated positively with
history of chemotherapy but not radiotherapy.
In this study, age, BMI, and if having received
chemotherapy or not were significantly correlated with
excessive arm volume, but types of surgery, history of
radiotherapy, or dosage of radiotherapy, and number of lymph
nodes dissected were not correlated with excessive arm
volume. Opposite to our result, types of surgery that
influenced the edema and limb function was reported in
literatures [9, 23]. Most of our subjects (82.0%) underwent
modified radical mastectomy. Maybe this uneven distribution
caused the result of no significant correlation between
different operation procedures and the symptoms and
excessive arm volume. Kärki et al. found no significant
difference between patients with different postoperative
adjuvant treatments (chemotherapy, radiotherapy, and
hormonal therapy) in the incidence of impairments [13].
Gosselink et al. also found there was no effect of axillary
irradiation on arm circumference [9]. However, Motimer et al.
[23] found that the prevalence of lymphedema of subjects
receiving radiotherapy was 2.45 times of that of subjects
without receiving radiotherapy. Maunsell et al. [19] concluded
that edema of arm was correlated significantly with receiving
radiotherapy and axillary lymph node dissection. There might
be different bases in comparisons among these research
findings with ours. Some [13, 19, 23] investigated the
prevalence of lymphedema and impairments, and other
researchers, including us, investigated the severity among
subjects already having lymphedema. Of course, recent
sentinel node procedure and progression in the treatment
regimen might cause the different pictures of residual effects
of treatment.
There are limitations in this study, which should be
mentioned. First of all, although there were 244 evaluation
data in this study, they were from only 61 patients. The
small sample size might make the generalization more
limited. Secondly, there were no data of the occupation of
these patients, which might be one of the factors affected
their quality of life. And, the detailed data of treatment
protocol, such as the chemotherapy protocol and radiotherapy
protocol, were lacking. These factors might also influence the
patients’ impairments, function, and quality of life.
In conclusion, our study indicates that an ICF model
constructed with clinical measures for patients with breastcancer-related lymphedema can predict their HRQL with
20.5% to 55.6% variance in each domain. Activity and
participation were the most important component to predict
HRQL. Arm symptoms rather than arm volume significantly
correlated with upper extremity function. This conclusion
implies that it might be more important to reduce arm
symptoms than arm volume while treating patients with
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breast-cancer-related lymphedema to improve both upper
extremity function and HRQL.
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