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  ABSTRACT 

  Purpose.  To explore the relationship between radiotherapy (RT) dose levels in the arm/shoulder region and 
arm/shoulder morbidity in breast cancer patients.
 Material and methods.  This study included 183 breast cancer patients who had received locoregional RT 
with or without chemotherapy and/or hormone treatment during the period 1998 – 2002. Individual RT dose 
level, refl ected by dose-volume histograms (DVHs), for the shoulder joint and joining structures were obtained 
from archived CT-based RT plans. Individual median, mean and maximum arm/shoulder RT dose levels were 
extracted. Arm/shoulder morbidity was assessed 29 – 58 months after breast cancer treatment using the 
following clinical endpoints: arm pain, arm stiffness, swollen arm, use of arm, numbness, shoulder fl exion and 
shoulder abduction difference, fi brosis and breast cancer-related lymphedema. The relationship between 
arm/shoulder RT dose level and these clinical endpoints was assessed by Spearman ’ s correlation and multi-
variate logistic regression.
 Results.  Ninety-one percent of the included patients had some degree of arm/shoulder morbidity. 
Neither mean nor maximum RT dose level was associated with clinical endpoints. However, signifi cant cor-
relations (p    �    0.05) were found between DVHs and arm stiffness, arm pain, use of arm and shoulder abduction 
difference, when arm/shoulder RT dose levels were approximately 15 Gy.
 Conclusions.  Three-dimensional conformal locoregional RT for breast cancer results in long-term 
arm/shoulder morbidity. To minimize this risk, large shoulder volumes receiving RT doses of approximately 
15 Gy should be reduced.   

 Breast cancer is the most frequent malignant disease 
among women worldwide, with an estimated 
1.4 million new cases per year and about 460 000 
deaths per year [1]. It is well established that post-
operative radiotherapy (RT) reduces 10-year locore-
gional recurrence rates and the 15-year risk of breast 
cancer death by 15.7% and 3.8%, respectively [2]. 
RT may also increase long-term survival of patients 
who present with early-stage breast cancer [3 – 5]. 

 Breast cancer treatment may lead to side effects 
such as arm/shoulder pain, restricted arm/shoulder 

mobility, fi brosis and breast cancer-related lym-
phedema (BCRL). RT has been identifi ed as a main 
cause of arm pain among breast cancer patients 
[6 – 12]. In addition to mastectomy and axillary dis-
section, RT has also been consistently reported as a 
risk factor for BCRL [13]. Adjuvant RT may add to 
the risk of restricted arm/shoulder mobility and post-
operative BCRL [14]. The reported prevalence of 
restricted arm/shoulder mobility varies considerably 
in breast cancer patients receiving RT, depending on 
the overall treatment plan applied, and the method 
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of assessment [15]. Furthermore, subcutaneous 
fi brosis has been identifi ed as a risk factor for 
shoulder morbidity among patients receiving post-
mastectomy RT [16]. 

 The recent introduction of and improvement in 
new surgical and radiotherapeutical procedures, such 
as sentinel lymph node biopsy or CT-based RT 
planning, is expected to result in a decrease in arm/
shoulder morbidity among breast cancer patients, 
but it will not eliminate morbidity completely. 
Therefore, in order to minimize these adverse 
effects it is still vital to explore the relationship 
between RT and arm/shoulder morbidity. This study 
aims to investigate the relationship between 
arm/shoulder RT dose levels and arm/shoulder mor-
bidity in breast cancer patients whose underwent 
CT-based RT.  

 Patients and methods  

 Patients and study design 

 In 2003/2004, 415 breast cancer patients treated 
from 1998 to 2002 with locoregional RT, with or 
without chemotherapy and/or hormone treatment at 
the Norwegian Radium Hospital, Oslo University 
Hospital (NRH-OUS) were invited to take part in a 
long-term follow-up study [11]. All patients who 
had undergone surgery for stage II or III breast can-
cer, consisting of modifi ed radical mastectomy or 
breast conserving surgery and axillary node dissec-
tion (level I or II), were invited. A total of 143 patients 
had undergone systemic chemotherapy (FEC    �    
5fl uoro-uracil, epirubicin, cyclophosfamide) prior 
to RT. 

 To participate, patients had to fulfi l the following 
inclusion criteria: 1) application of adjuvant RT to 
the chest wall and regional lymph nodes; 2) age 
 �  75 years in 2004; 3) no recurrence of breast can-
cer; and 4) no other invasive cancer except basal cell 
carcinoma, or prior or simultaneous contralateral 
breast cancer stage I treated with surgery only. 
The study consisted of a mailed questionnaire and 
an out-patient examination at the NRH-OUS. Of the 
415 invited patients, 318 (77%) completed the 
questionnaire and attended the out-patient examina-
tion. The current study is restricted to the 183 
patients who underwent CT-based RT and attended 
the out-patient examination (Table I). Radiation 
exposure from modern conformal RT was based on 
a detailed dose-volume histogram (DVH) analysis. 

 All participants provided written informed 
consent, and the study was approved by the 
Ethical committee of the South-Eastern Norway 
Health authority and the Data Inspectorate of 
Norway.   

 Radiotherapy 

 All women were treated with four-fi eld RT in 
which the target volume included all of the following: 
the breast (after breast conserving surgery) or the 
chest wall (after modifi ed radical mastectomy), the 
ipsilateral supra-and infraclavicular fossa, ipsilateral 
lymph nodes along the internal mammary artery 
and ipsilateral axilla (Figure 1A). CT-based RT 
planning was carried out using CT scans that cov-
ered the region from the 6th cervical vertebra to the 
middle part of the abdomen. The CT slice thickness 
was 1.0 cm. The clinical target and treatment vol-
umes, as well as both lungs and the heart, were rou-
tinely delineated in the CT images. CT-based RT 
planning and dose calculation were performed using 
the Helax-TMS (Version 6.0 or higher) system. 

 In 1998 and during most of 1999, all patients 
with metastatic axillary lymph nodes received RT to 
the entire axilla. Since the end of 1999 patients 
who had  �    10 axillary nodes removed received RT 
only to the axillary apex. Patients with  �    10 axillary 
nodes removed received RT to the entire axilla. 

 The beam arrangement consisted of four 
half-beams with two tangential beams covering the 
caudal part of the target volume, one anterior-
posterior fi eld (0 ° ) and one oblique fi eld, typically 
110 – 115 ° , covering the cranial part of the chest wall 
(Figure 1A). Fields 1 and 2 were used to treat the 
ipsilateral supra- and infraclavicular, axillary and 
internal mammary lymph nodes and the cranial 
part of the breast/breast wall, while tangential fi elds 
3 and 4 covered the caudal part of the breast/
breast wall. The photon beam energy was mainly 
6 MV. The dose plans were normalized to the mean 

  Table I. Patient demographics and treatment-related charac-
teristics for 183 included breast cancer patients.  

Characteristics N    �    183

Age median (range) 
   �    50 years N (%) 
   �    50 years N (%) 

55 (30 – 75)
52 (28%)

131 (72%)
Follow-up time (months)

  Median (range) 42 (29 – 58)
Stage/treatment N (%)

Stage II
  Stage III
  Mastectomy
  Lumpectomy

  Radiotherapy dose (Gy)
  50 Gy
  50    �    10 Gy
  50    �    16 Gy
  Received chemotherapy 1 
  Received tamoxifen  

115 (62)
68 (37)

127 (69)
56 (31)

155 (85)
23 (12)
5 (3)

143 (78)
151 (82)

     1 FEC (66%)    �    5fl uoro-uracil, epirubicin, cyclophosfamide and 
taxanes (11%).   
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dose provided to the target volume. The breast/chest 
wall received a total dose of 50 Gy and the regional 
lymph nodes 46 – 50 Gy, given in 2 Gy per day, fi ve 
days per week. Thirty-six lumpectomized women, 
all younger than 50 years of age, received a boost of 
10 or 16 Gy to the tumor bed using 9 – 12 MeV 
electron beams with a diameter of 5 – 9 cm. In mas-
tectomized women with stage III tumors, or those 
with stage II tumors with tumor-positive resection 
margins, a bolus was used that covered the whole 
breast/chest wall; otherwise a 6 cm wide bolus 
covered the mastectomy scar only.   

 Shoulder volume defi nition 

 For the purpose of the study one radiologist 
delineated the shoulder volume, taking into account 
the limitations of CT imaging regarding soft-tissue 
structures (Figure 1B). The shoulder volume in 
each CT slice was defi ned by the identifi cation of 
three structures: 1) the outer contour of the humerus; 
2) the coracoid process; and 3) the acromion. The 
CT was taken with patient ’ s arms raised above her 
head, hence the humeral shaft extended cranially 
from its head. The caudal slice used in the present 
study was the most caudal one on which the humeral 

head was still visible. The cranial slice used was the 
most cranial one on which both the acromion and 
the coracoid process were visible. To include the 
adjoining soft tissue structures a 0.5 cm margin was 
then added. This put the acromioclavicular joint 
within the delineated volume.   

 Arm/shoulder morbidity and clinical assessment 

 At the time of clinical assessment, patients completed 
the Kwan ’ s Arm Problem Scale (KAPS) [6,11]. The 
KAPS is a breast cancer-specifi c scale developed 
for the assessment of arm/shoulder morbidity. The 
KAPS rates the self-reported endpoints pain, stiff-
ness, swelling, use of arm and numbness. The KAPS 
is rated on a fi ve-point Lickert scale with 1    �    no 
symptom, 2    �    little, 3    �    some, 4    �    substantial and 
5    �    severe symptom or unable to perform [6,11]. 
The KAPS has shown good psychometric properties 
with high reliability and acceptable convergent and 
discriminant validity [11]. 

 During out-patient follow-up, two physiothera-
pists experienced in the post-treatment care of 
breast cancer patients assessed the fl exion and 
abduction of both arms using a goniometer 
(Supplementary Figures 1 and 2, to be found 
online at http://www.informahealthcare.com/doi/abs/
10.3109/0284186X.2014.880512). Based on these 
measurements, and in agreement with a different 
study [11], the cut-off for the difference in range of 
motion between the arms was set at 25 ° , with  �    25 °  
considered impaired mobility. 

 Fibrosis was subjectively assessed by both an 
experienced oncologist and a physiotherapist. The 
degree of adherence to the subcutaneous tissue 
and elasticity/stiffness of the soft tissue was evaluated 
by inspecting and palpating the tissue in the chest 
wall and axilla. The presence of tissue fi brosis in the 
irradiated regions were scored as  “ 0    �    none, 1    �    little, 
2    �    some, 3    �    substantial and 4    �    severe. The two 
parallel assessments showed high correlation 
(r    �    0.79). 

 BCRL was assessed using volumetric calculations 
based on arm circumference at six anatomic land-
marks (Supplementary Figure 3, to be found 
online at http://www.informahealthcare.com/doi/
abs/10.3109/0284186X.2014.880512) [17]. This 
method has shown high correlation with water dis-
placement volumetry and a high degree of reliability 
has been demonstrated [17]. Clinically defi ned 
BCRL (0    �    No, 1    �    Yes) comprised a difference of 
   �    10% in volume between the two arms [6,18]. 

 In the overall assessment of patients with arm/
shoulder morbidity, we defi ned the presence of 
fi brosis  �    0, BCRL, or a KAPS score    �    1 as an end-
point. No/mild symptoms were typically refl ected by 

  Figure 1.     A. Schematic display of the four-fi eld arrangement used 
in CT-RT. The red fi eld borders depict the anterior-posterior fi eld 
(1), the pink color indicated the oblique fi led (2), and the blue 
color illustrates the location of the tangential fi elds (3 and 4). 
B. Delineated shoulder joint on the planning CT-images.  
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a KAPS score of  �    3, fi brosis    �    2 and no BRCL, 
while moderate/severe symptoms were indicated by 
a KAPS score    �    3, fi brosis by a score    �    2 and 
impaired mobility by a difference of  �    25 °  between 
the arms.   

 Dose-volume histograms and statistical analysis 

 To investigate a possible correlation between 
observed arm/shoulder morbidity and RT dose level, 
DVHs for the shoulder joint were calculated 
based on the original CT-based RT plan with the 
delineated shoulder contours. Mean and maximum 
arm/shoulder doses for each patient were calculated. 
The relationship between arm/shoulder RT dose 
levels and clinical endpoints were assessed using 
Spearman ’ s correlation, with 95% confi dence 
intervals estimated by bootstrapping. Correlation 
analyses between each patient ’ s DVH and the pres-
ence of moderate/severe symptoms were also per-
formed. V 5  to V 45  in steps of 2.5 Gy were extracted 
for each patient and used in these correlation ana-
lyses. Differences with p-values less than 0.05 were 
considered statistically signifi cant. Furthermore, 
multivariate logistic regression analysis with clinical 
endpoints as binary variables (categorized as no/
mild versus moderate/severe) was also performed. 
Covariates included DVH parameters, surgery 
(mastectomy/lumpectomy), age, observation time 
(months/years since treatment) and the number of 
removed axillary lymph nodes.    

 Results 

 After a median observation time of 42 months 
(29 – 58), 167 of the included 183 patients (91%) had 
some arm/shoulder morbidity, whereas only 16 
women had none. A relatively high proportion of 
patients reported moderate/severe arm pain (22% 
had  �    grade 3); 43% reported moderate/severe 
symptoms related to the use of the arm; and 32% 
had a difference in abduction of    �    25 °  (Table II). 

 The cohort-based median of the individual 
mean and maximum arm/shoulder RT doses 
were 21.5 and 31.2 Gy, respectively. There was con-
siderable inter-patient variability in these dose 
parameters, with corresponding ranges of 3.1 – 47.6 
and 5.9 – 55.4 Gy, respectively. The cohort-based 
DVHs for the shoulder demonstrated that, on 
average, large shoulder volumes (typically 50 – 90% of 
the volume delineated by CT) received doses between 
5 Gy and 20 Gy, whereas smaller shoulder volumes 
(typically 20% or less) were exposed to doses of 
25 Gy or higher (data not shown). 

 Table III shows correlations between clinical 
endpoints and RT dose-related parameters. The 

  Table II. Arm/shoulder morbidity with different endpoints and 
morbidity degrees. The number of patients with a specifi c degree 
of morbidity for an endpoint is shown.  

Symptom, grade Number of patients

Arm stiffness
1 100 (55%)
2 58 (32%)
3 18 (10%)
4 5 (3%)
5 2 (1%)

Arm pain
1 73 (40%)
2 69 (38%)
3 29 (16%)
4 10 (5%)
5 2 (1%)

Swollen arm
1 87 (48%)
2 61 (33%)
3 23 (13%)
4 7 (4%)
5 5 (3%)

Use of arm
1 53 (29%)
2 49 (27%)
3 46 (25%)
4 18 (10%)
5 17 (9%)

Numbness
1 68 (37%)
2 82 (45%)
3 26 (14%)
4 6 (3%)
5 1 (1%)

Shoulder fl exion difference
 �    25 ° 162 (89%)
 �    25 ° 21 (11%)

Shoulder abduction difference
 �    25 ° 143 (78%)
 �    25 ° 40 (22%)

Fibrosis
0 100 (55%)
1 66 (36%)
2 5 (3%)
3 1 (1%)
4 11 (6%)

Lymphedema
No 155 (85%)
Yes 28 (15%)

shoulder volumes receiving approximately 15 Gy 
were also included. The clinical endpoints assessed 
by the KAPS, such as pain, stiffness, swelling, use 
of arm and numbness were signifi cantly associated 
with each other (p    �    0.05). For the RT-related 
parameters, shoulder volumes receiving approxi-
mately 15 Gy were signifi cantly associated with 
more than one of the clinical endpoints. Figure 2 
shows the correlation between arm/shoulder vol-
umes receiving a dose of approximately 15 Gy and 
the KAPS score for the use of arm. The larger 
the arm/shoulder volume receiving approximately 
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15 Gy, the higher the KAPS score. When abduction 
difference was considered a binary variable ( �    25 °  
vs.  �    25 ° ), a signifi cant correlation between abduc-
tion difference of    �    25 °  and shoulder volumes 
receiving approximately 15 Gy was found (r    �    0.18, 
p    �    0.017) (data not shown). 

 In Figure 3, only clinical endpoints that had a 
signifi cant association with DVH parameters were 
included. Signifi cant correlations between DVHs 
and arm pain, arm stiffness, swollen arm, use of 
arm, arm numbness and an abduction difference of 
 �    25 °  were found, typically for shoulder volumes 
receiving doses between 5 Gy and 20 Gy. Regardless 
of the endpoint, the highest correlation was often 
found at doses of approximately 15 Gy. No signifi cant 

correlations between DVH parameters and the other 
clinical endpoints (shoulder fl exion, fi brosis and 
BCRL) were found. 

 In multivariate logistic regression analyses, 
shoulder volumes receiving approximately 15 Gy 
were included as the most relevant DVH parameter. 
The only other covariate that was signifi cantly cor-
related with clinical endpoints was surgery, which 
showed associations with fi brosis and BCRL 
(p-values of 0.049 and 0.041, respectively). In addi-
tion, surgery was signifi cantly associated with 
arm stiffness and use of arm (p-values of 0.014 and 
0.012, respectively). Including surgery as a covariate 
reduced the predictive impact of shoulder volumes 
receiving approximately 15 Gy for arm swelling 
and arm pain only, but it remained signifi cantly asso-
ciated with these endpoints (data not shown).   

 Discussion 

 Among the different clinical endpoints considered, 
arm pain, use of arm and shoulder abduction domi-
nated in the majority of our patients. Shoulder 
volumes receiving approximately 15 Gy was shown 
to be signifi cantly correlated with arm pain, arm 
stiffness, swollen arm, use of arm, numbness and 
shoulder abduction. However, the associations 
between the RT-related parameters and each 
clinical endpoint were not strong, indicating that the 
observed late effects are caused by multiple treatment 
factors related to surgery, chemotherapy and RT. 

 RT is a part of the standard treatment for breast 
cancer patients receiving conservative surgery, 
and for those at risk of local recurrence after mas-
tectomy. Despite the use of less extensive surgery, 
and whenever possible the reduction of RT to the 
axilla, arm/shoulder morbidity is still observed. 
Armer et   al. [19] reported numbness, tenderness 
and pain as the most prevalent symptoms among 

  Table III. Spearman ’ s correlation between clinical endpoints and arm/shoulder dose. Statistically signifi cant correlations are indicated with 
a cross.  

Stiffness Pain Swelling Use Numbness Flexion Abduction Fibrosis BCRL Mean dose Max.dose V15 ∗ 

Stiffness 1.0
Pain 0.52 † 1.0
Swelling 0.33 † 0.46 † 1.0
Use 0.57 † 0.61 † 0.38 † 1.0
Numbness 0.37 † 0.44 † 0.22 † 0.36 † 1.0
Flexion 0.34 † 0.26 † 0.15 † 0.34 † 0.21 † 1.0
Abduction 0.38 † 0.31 † 0.21 † 0.43 † 0.22 † 0.66 † 1.0
Fibrosis 0.33 † 0.29 † 0.08 0.27 † 0.23 † 0.2 † 0.22 † 1.0
BCRL 0.13 0.13 0.46 † 0.14  � 0.12 0.17 † 0.2 † 0.05 1.0
Mean dose 0.10 0.08 0.09 0.15 † 0.1  � 0.01  � 0.02 0.04  � 0.09 1.0
Max. dose 0.03 0.08 0.05 0.03 0.06 0.01  � 0.02 0.05  � 0.11 0.79 † 1.0
V15 0.20 † 0.16 † 0.15 † 0.22 † 0.13 0.09 0.04 0.08  � 0.03 0.92 † 0.66 † 1.0

      †  Signifi cant (p    �    0.05); BCRL, breast cancer-related lymphedema;  ∗  V 15 , Arm/shoulder volume (%) receiving 15 Gy or more.   

  Figure 2.     Correlation between dose and the shoulder volume 
(%) receiving 15 Gy or more (V15) with Use of arm as endpoint 
assessed by KAPS scores between 1 and 5 (1    �    no symptom 
and 5    �    severe symptom). Median values are indicated as 
horizontal bars.  
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  Figure 3.     Spearman ’ s correlation between clinical endpoints and the shoulder volume receiving more than the specifi ed dose, with 
95% confi dence interval indicated by vertical error bars. Only endpoints showing any signifi cant correlations with dose are depicted. 
( ∗ : signifi cant correlation).  

their patients. In a recent study by Lundstedt et   al. 
[20] paraesthesia was reported as a symptom after 
RT to the supraclavicular lymph nodes in breast 
cancer patients. The START trials [8] showed arm/
shoulder pain in up to a third of the patients 
over fi ve years after treatment, and around 20% of 
the patients complained about shoulder stiffness. A 
substantial proportion of women (91%) included in 

the current study reported mild to severe arm/
shoulder symptoms, which is consistent with the 
studies mentioned above. 

 Blomqvist et   al. [21] reported that patients 
receiving axillary RT (as opposed to chest wall RT 
alone) are at higher risk for late arm/shoulder 
morbidity. In our study, using the four-fi eld 
photon technique including axillary RT, signifi cant 
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correlations between several endpoints and shoulder 
volumes receiving approximately 15 Gy were found. 

 In a review by Violet et   al. [22] both the inci-
dence and severity of BCRL were found to be related 
to the extent of axillary surgery and the type of 
breast surgery, and the overall effect was markedly 
increased by the addition of axillary RT. Nesvold 
et   al. [23] reported an increasing prevalence of 
BCRL as a result of modifi ed radical mastectomy, 
increasing number of metastatic lymph nodes, age 
and overweight. In the present study, no signifi cant 
correlation between arm/shoulder RT dose level and 
the prevalence of BCRL was observed, whereas the 
surgical procedure (mastectomy/lumpectomy) in 
the multivariate analyses correlated signifi cantly 
(p    �    0.05) with BCRL. Therefore, we cannot claim 
that patients treated with RT are more prone to 
BCRL, as was reported in some earlier studies. 
Adriaenssens et   al. [24] indicated that weight gain 
and axillary lymph node dissection contributed 
to an increase in arm volume for both the ipsilateral 
and contralateral limb. It was unclear for the authors 
[24] why axillary dissection on one side should affect 
the contralateral limb, but chemotherapy was 
mentioned as a contributing factor. In the present 
study, no increased in BCRL was observed among 
patients with a high number of lymph nodes removed 
(data not shown). This could be a result of the fact 
that patients with a high number of axillary lymph 
nodes removed received lower RT doses to the axilla. 
Our results are in agreement with the results of a 
recent study carried out by Rutgers et   al., who 
reported signifi cantly less lymphedema in patients 
treated with RT than with surgery [25]. Bentzen 
et   al. [26] concluded that in the case of lymphedema, 
patients ’  age and obesity are the only risk factors 
that have been established with some certainty. 
Nesvold et   al. [23] reported a strong relationship 
between modifi ed radical mastectomy, body mass 
index and BCRL. Taking these observations together, 
it seems that the major cause for BCRL develop-
ment is surgery, not RT. 

 Muscles close to the shoulder may have an impact 
on post-treatment arm/shoulder morbidity if 
they are in the fi eld of surgery/RT. Shamely et   al. 
[27] found that the pectoralis major and minor 
muscles decreased in size on the affected side in a 
series of 57 breast cancer patients from six months 
to six years post-surgery. These authors [27] con-
cluded that patients treated for breast cancer had 
altered muscle activity in three key muscles that act 
on the shoulder (upper trapezius, pectoralis major 
and rhomboid), despite of the fact that two of 
the key muscles (upper trapezius and rhomboid) 
were not in the fi eld of surgery/RT. In our study the 
delineation of the shoulder joint included the bony 

humeroscapular joint linked to muscles, tendons, 
ligaments and adjoining soft tissue structures. In this 
way the dose to the whole area of importance con-
cerning arm/shoulder morbidity, as discussed in 
these studies, was assessed. Bentzen et   al. [26] 
hypothesized that damage infl icted by RT on the 
pectoralis major muscle was a signifi cant factor in 
restricted shoulder mobility even without clinically 
detectable subcutaneous tissue fi brosis. Ludwig 
et   al. [28] suggested that fi brosis in the pectoralis 
major and minor muscles could be a factor in 
restricted shoulder mobility. Our study ’ s low corre-
lation between RT dose level and fi brosis might 
be explained by the limited number of patients suf-
fering from moderate/severe fi brosis (9%), although 
a signifi cant correlation between surgery and fi brosis 
was found. 

 Some methodological aspects concerning the 
clinical assessment of shoulder mobility using goni-
ometer should be kept in mind. One study, 
using    �    15 °  difference between the two arms as def-
inition of restricted shoulder mobility, found no sig-
nifi cant correlation with the subjective assessment of 
mobility in a sample of breast cancer patients 
(N    �    110) [29]. We concluded that a difference of 
   �    25 °  between the two shoulders was more represen-
tative for the treatment-related mobility restriction, 
which is comparable with other studies [30]. A 
limitation of this assessment is that minor shoulder 
problems with other etiologies, which can also result 
in restricted mobility, might have been overlooked, 
even though we intentionally excluded women with 
obvious shoulder impairments unrelated to breast 
cancer from our analyses. 

 We acknowledge several limitations in the present 
study. Ten years have elapsed since our survey, 
warranting a truly long-term survey related to clini-
cal endpoints. However, we believe the presented 
correlations between dose volume and clinical 
endpoints a median 3.5 years after treatment merit 
their own publication, especially since the same RT 
technique is still is used at our institution. The 
effect of body weight on BCRL was not examined in 
this study. The lack of pre-treatment assessment of 
shoulder function is another limitation, as surgery 
was done at hospitals in different regions of Norway. 
The effect of chemotherapy and hormone treat-
ment on BCRL was not examined in this study, 
and the assessment of fi brosis was based only on 
the observers ’  subjective evaluation. In this explor-
ative study a p-value of  �    0.05 was regarded as 
signifi cant despite multiple testing, which may have 
resulted in false-positive associations. Still, shoulder 
volumes receiving approximately 15 Gy were found 
was signifi cantly correlated with many different 
endpoints. 
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 In conclusion, in this cohort-based study signifi -
cant correlations were found between shoulder 
joint volume receiving a dose of approximately 15 Gy 
and clinical endpoints such as arm pain, arm stiff-
ness, swollen arm, use of arm, numbness and 
impaired shoulder abduction. Post-treatment arm/
shoulder morbidity may be more dependent on the 
shoulder volume receiving a specifi c dose than on the 
dose itself.   

                              Declaration of interest:   The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 
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