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ABSTRACT
Background: A prospective study on shoulder and arm morbidity was conducted in Denmark in
2003–2005. This study demonstrated that sentinel lymph node biopsy was associated with better out-
comes than axillary lymph node dissection 18months after surgery. We here aimed to describe sub-
jective symptoms and objective findings in these patients 10þ years after they underwent breast
cancer surgery and to assess how symptoms and findings developed during this period.
Material and methods: Participants in the prospective study completed a questionnaire and under-
went an objective, bilateral examination of their shoulder and arm morbidity, which included measure-
ment of arm volume, range of motion, and sensibility.
Results: Seventy participants completed follow-up. Thirty-four (49%) had one or more functional
impairments, and 64% had one or more subjective loco regional symptoms like pain, swelling of the
arm, and decreased shoulder mobility. Objective evaluation showed 34ml’s of increased arm volumes
and 3–25% had severe reduced shoulder mobility on the operated side. Compared to the findings at
18 months postoperatively, small but significant differences in occurrence of subjective findings were
observed. A significant progression regarding most objective findings was revealed.
Conclusion: More than 11 years after breast cancer surgery, the majority of participants complained
of one or more subjective symptoms of shoulder and arm morbidity. Objective findings were mild or
modest in most cases. During the prolonged follow-up period of 10 years, a worsening in symptoms
and objective findings was observed.

HIGHLIGHTS

� Shoulder and arm morbidity in relation to breast cancer treatment seems to progress beyond 10 years.
� The most frequent symptoms were pain, swelling or heaviness of the arm, and decreased shoul-
der mobility.

� The objective evaluation showed higher arm volumes and reduced shoulder mobility on the oper-
ated side.

� Objective findings are mild and modest but may affect activities of daily living, and most partici-
pants with late symptoms stated that this was a daily problem.

Abbreviations: ADL: activities of daily living; ALE: arm lymphedema; ALND: axillary lymph node dissec-
tion; ANOVA: one-way analysis of variance; AWS: axillary web syndrome; BC: breast cancer; BCS: breast-
conserving surgery; BMI: Body Mass Index; BS: Bother Score; CI: confidence interval; CPR: Central
Personal Register; DBCG: Danish Breast Cancer Cooperative Group; LT-FU: long-term follow-up; Mast.:
mastectomy; PROM: patient reported outcome measures; ROM: range of motion; RT: radiation therapy;
SLNB: sentinel lymph node biopsy; SWDI: simplified water displacement instrument; VAS: visual ana-
log scale
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Introduction

During the past few decades, overall survival from breast
cancer (BC) has improved and late morbidity following treat-
ment has attracted growing attention. A follow-up study
conducted by the Danish Breast Cancer Cooperative Group
(DBCG) from 2003 to 2005 focused on objective and subject-
ive arm morbidity and discovered less morbidity among

lymph node negative patients who had sentinel lymph node
biopsy (SLNB) than among patients who had axillary lymph
node dissection (ALND) [1]. Breast-conserving surgery (BCS)
has also been shown to be more advantageous than modi-
fied radical mastectomy in relation to degree of shoulder dis-
ability [2]. Only few studies on shoulder morbidity [3–5] but
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several studies on arm lymphedema (ALE) [6–10] have fol-
lowed patients over a longer period and supported the find-
ings that less extensive surgery reduces the risk of loco
regional shoulder and arm morbidity.

A systematic review suggests that one in five survivors from
BC will develop ALE [6]. Debate about the various definitions
and methods of measuring ALE is ongoing [11–14]. Using ques-
tionnaires, a cohort study showed that 13–65% of patients
with BC reported a feeling of swelling of the arm, and that this
symptom was associated with ALND, young age, and radiation
therapy (RT) [9]. Persistent pain was experienced by 22–53% of
women after BC treatment; and an association with BCS, ALND,
adjuvant chemotherapy, and RT was found [15]. A study com-
pared patients with BC with the general population and found
a higher prevalence of chronic pain among survivors from BC
(42%) [16]. ALND has also been found to be associated with
the risk of developing measurable ALE [6,17,18] and restricted
shoulder movement [1].

The correlation between subjective symptoms and objective
findings regarding ALE has shown little consistency; suggesting
shortcomings in screening tools and questionnaires used for
investigating different aspects of lymphedema or that subject-
ive symptoms may represent a subclinical stage of ALE [7,8].

Most studies of late morbidity related to BC treatment
cover a period of less than 5 years. Some retrospective long-
term follow-up (LT-FU) studies have been made [19–21], but
no prospective LT-FU studies have come to our attention.

We here aim to describe subjective symptoms and objective
findings of shoulder and arm morbidity in patients who partici-
pated in the previous DBCG study 10þ years after they under-
went surgery and to assess how symptoms and findings
developed during this period [1]. The participants were eval-
uated using the same questionnaire and objective measures as
those used when they completed the DBCG study [1]. This gave
us the opportunity to compare data recorded preoperatively
and at 18months after surgery with our newly collected LT-FU
data, and hence to elucidate changes in the 10years from the
first follow-up at 18months to the present at 10þ years.

Material and methods

Study design

A prospective follow-up study including subjective and
objective evaluation at 12 years after BC surgery including
data from baseline and 18months after surgery. The study
was planned and conducted according to the EQUATOR
guidelines (Supplementary 1) [22].

Study population

As a part of the implementation of SLNB in Denmark in
2003–2004, a study population of 395 women with unifocal,
early BC was recruited by Husted Madsen et al. [1]. The study
included follow-up by physical examination and question-
naire, preoperatively and at 18months after surgery, which
was completed by 346 participants (Figure 1).

Survival data were extracted from the national Danish
Central Personal Register (CPR). Of 286 women available for
the present study who invited to participate by letter, 200
(70%) responded, some of whom were unable to participate.
Eighty-one women declined participation. Left for the pre-
sent LT-FU study were 70 (24%) participants. They completed
a physical examination and a questionnaire during the
period May 2015–April 2016. Fifty-seven participants were
evaluated preoperatively; 63 at the 6-month follow-up, 65 at
the 18months follow-up; 70 at the 10þ years LT-FU; 50 par-
ticipants completed all of the four follow-up sessions.

Subjective evaluation

The questionnaire from the original study was reused. It
comprised questions regarding pain, sensibility, swelling of
the arm, and restriction of shoulder movement. Questions
about functional impairments were added. If a symptom was
present, the participant was asked to grade the inconveni-
ence by a ‘Bother Score’ (BS) (1¼ no problem, 2¼minor
problem, 3¼moderate problem, 4¼major problem). In case
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Figure 1. Flow diagram of the study population – from the original study to
long-term follow-up.
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of pain, we used a supplement with a visual analog scale
(VAS) graded from 1 to 10.

The original questionnaire [1] was tested in a pilot study
prior to the present study by a small group of patients with
BC operated 18months previously. Only minor changes were
made to ease understanding of the questionnaire.

During data analysis, subjective symptoms were extracted
from the questionnaires. Most were dichotomous (Yes/No)
and some were dichotomized during data analysis.

Objective evaluation

The participants had a thorough examination of the breast
region and both shoulders and arms. Findings are listed as
‘operated’, referring to the same side of the BC operation,
and ‘non-operated’, referring to the contralateral side.
‘Difference’ is the absolute difference between the two sides.

The physical examinations at LT-FU were the same as in the
original study, albeit we did choose to use the Simplified
Water Displacement Instrument (SWDI) [23,24] owing to its sim-
plicity instead of the more traditional water displacement volu-
metry. At the test of passive abduction, we chose to focus on
the isolated gleno-humeral range of motion (ROM) instead of
abduction combined with scapular thoracic motion.

Preoperatively, available measurements from 57 partici-
pants showed a mean difference in arm volume of 36.6ml
(2.1%) in favor of the dominant arm. This preoperative differ-
ence was highly significant (p< .01), which was compensated
for by individual adjustment to calculate the ‘adjusted differ-
ence’ in arm volumes at LT-FU by subtraction of the pre-
operative difference from the arm volume of the dominant
arm at LT-FU [23,25].

Considering the normal anatomical ROM and the mobility
required for activities of daily living (ADL) [26], we defined
ranges of mobility restriction as ‘severe’ (restriction may affect
ADL), ‘moderate’ (only minor measurable limitation), and ‘none’
(no or mild mobility restriction). These ranges were used to
group the participants and consider the prevalence.

Data collection

Following approval from The Local Research Ethics Committee
of the Central Region Denmark and The Danish Data
Protection Agency, we obtained data from the CPR and the ori-
ginal study [1]. Whenever data were missing, the DBCG data-
base was searched for missing data. Study data were collected
and managed using the REDCap electronic data capture tools
hosted at Aarhus University, Denmark [27].

Analysis and statistics

To estimate the presence of a subjective symptom, we deter-
mined the prevalence and prevalence proportion. The major-
ity of the objective data showed normal distribution, and
mean values with 95% confidence intervals (CIs) were calcu-
lated and shown with ranges. Comparison of the prevalence
of symptoms and dichotomous, objective findings between
operation groups was made with Fisher’s exact test. A com-
parison of mean values between the operation groups was

made with one-way analysis of variance (ANOVA). The devel-
opment in symptoms and findings over time was assessed
by Fisher’s exact test.

The statistical software package Stata/IC 13 (StataCorp
LLC) was used for the analysis. The significance level was set
at p< .05 (two-sided tests).

Results

The characteristics of the 70 participants and their BC treat-
ment are shown in Table 1. The median follow-up time at
LT-FU was 11.7 years (range: 11.0–12.5) at which time the
median age was 64.8 years (range: 51.5–78.5).

The mean Body Mass Index (BMI) at LT-FU was 24.6. BMI
was found to be rather stable: 24.5 preoperatively and 25.1
at 18months of follow-up.

BCS had been performed on 49 (70%) and mastectomy
on 21 (30%) participants. They all had axillary surgery of
whom 25 (35.7%) had SLNB and 45 (64.3%) had ALND. Split
into operation groups, the participants were distributed as
follows: Group 1: BCSþ SLNB (n¼ 22); Group 2: BCSþALND
(n¼ 27); Group 3: Mastectomyþ SLNB (n¼ 3); Group 4:
MastectomyþALND (n¼ 18).

Every participant who had BCS had received RT. Among
patients having undergone mastectomy, those with lymph
node metastasis had received RT. In total, 87% of the partici-
pants had received RT.

No significant differences in participant and treatment
characteristics were found between the larger original study
cohort and the smaller cohort at LT-FU – except for the num-
ber of smokers before their operation (34% in the original
study cohort and 20% in the cohort at LT-FU).

Subjective symptoms

The main findings from the questionnaire evaluation are shown
in Table 2. Thirty-four participants (49%) reported one or more
changes in functional impairment, with a prevalence of the indi-
vidual symptoms between 10% and 41%. Decreased hand and
arm functioning was reported by 24%, and 41% had changed
their habits of carrying heavy bags. Swelling of the arm was
reported by 26% and was a minor problem (BS ¼ 2) to the
majority. Five of them were using a compression sleeve.
Decreased shoulder mobility was reported by 26%, and was
scored BS ¼ 1–2 by more than half. It was noted that 57% were
doing mobility exercises weekly or frequently. Some 30% and
53% stated pain in the shoulder or operated breast region,
respectively. The pain intensity graded by VAS revealed a
median of 4 in the shoulder. VAS was higher among mastec-
tomized participants than among those who had BCS.
Comparing the prevalence of each late symptom between the
operation groups, we found no significant differences. Some
64% of the participants complained of one or more subject-
ive symptoms.

We compared participants’ subjective symptoms at LT-
FU to what was reported at their latest prior follow-up
(18months postoperatively) to determine developments in
symptoms over time (Table 3). At 18months of follow-up,
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40% of the participants stated pain in the operated area,
which increased to 52% at LT-FU. Progression in shoulder pain
was less obvious. Hand and arm function improved. Thus, 39%
reported affected hand and arm function at 18months com-
pared with 24% at LT-FU. Over time, fewer participants
reported swelling of the arm (35% versus 26%), but the use of
compression sleeve had increased from 1 participant at the
18months follow-up to 5 participants at LT-FU. The prevalence
of most of the symptoms seemed rather stationary, although
significant changes were shown.

Objective examination

The most prominent findings emerging from the objective
evaluation are shown in Supplementary 2 for arms and
shoulders. We found an adjusted, absolute difference in arm
volumes of 33.8ml. Every passive shoulder ROM showed a
minor reduction in mobility in the ‘operated’ compared with
the ‘non-operated’ shoulder. No significant difference in arm

volumes or reduced mobility was observed between oper-
ation groups, but individual variations were large.

Using the definition of ALE as a> 10% difference in arm
volumes, we found that only four participants (8%) met the cri-
teria of ALE (Table 3); a result that differs from that obtained at
18months. This comparison indicates a slight but significant
(p¼ .019) progression in the ALE grade over time.

When mobility restriction was defined as ‘moderate’ to
‘severe’, 3–25% showed a ‘severe’ reduction in ROM that might
affect ADL. Comparing changes from 1.5 years of follow-up to
LT-FU (Table 3), we found a tendency toward worsening in the
shoulder ROM for the ‘operated’ shoulder in all the directions.
A significant difference was found for flexion and out-
ward rotation.

Sensibility changes of the upper arm were seen among
43% (Supplementary 2), and they were more strongly associ-
ated with ALND than with SLNB (p< .05) but not with breast
surgery. From 18months follow-up until LT-FU, 12 partici-
pants recovered from their sensibility disturbance of the
upper arm (Table 3), and this improvement was significant.

Table 1. Patient, tumor, and treatment characteristics.

Long-term follow-up Original study p Value

Number of participants 70 395 –

Age at operation – median (range) 54.4 (40.9–68.0) 59.1 (29.0–75.6) –

Age at long-term follow-up – median (range) 64.8 (51.5–78.5) NA –

Years since operation – median (range) 11.7 (11.0–12.5) NA –

BMI at long-term follow-up – mean (SD) 24.6 (3.7) NA –

Smoking status Smoking at inclusion 14 (20.0%) 128 (34.1%) .038�

Laterality – N (%) Right 58 (82.9%) 359 (90.9%) .647
Left 1 (1.4%) 10 (2.5%)
Missing 11 (15.7%) 26 (6.6%)

Operation side – N (%) Right 31 (44.3%) 189 (47.6%) .582
Left 39 (55.7%) 206 (52.2%)

Operation groups – N (%) 1: BCSþ SLNBa 22 (31.4%) 137 (34.7%) .185
2: BCSþALNDa 27 (38.6%) 102 (25.8%)
3: Mastectomyþ SLNBb 3 (4.3%) 27 (6.8%)
4: MastectomyþALNDb 18 (25.7%) 129 (32.7%)

Lymph nodes removed
– median (range)

All 14.5 (1–39) 12.0 (1–39)
SLNB 2.0 (1–6) 2.0 (1–9)
ALND 17.0 (4–39) 17.0 (5–39)

Tumor size mm – median (range) 17.2 (3–51) 15.0 (1–60)

T-stage – N (%) 1–20mm (T1) 48 (68.6%) 276 (69.9%) .633
21–50mm (T2) 19 (27.1%) 105 (26.7%)
>50mm (T3) 1 (1.4%) 3 (0.8%)
Unknown (Tx) 2 (2.9%) 11 (2.7%)

N-stage – N (%) 0 (N0) 34 (48.6%) 215 (54.5%) .517
1–3 (N1) 26 (37.1%) 136 (34.3%)
4–9 (N2) 7 (10.0%) 24 (6.1%)
10þ (N3) 1 (1.4%) 11 (2.9%)
Unknown (Nx) 2 (2.9%) 9 (2.2%)

RT – N (%) Yesa,b 61 (87.1%) 310 (78.5%) .096

Chemotherapy – N (%) Yes 32 (45.7%) 137 (34.7%) .077

Anti-estrogen – N (%) Yes 41 (58.6%) 223 (56.4%) .742

No adjuvant medical therapy – N (%) 16 (22.9%) 105 (26.6%) .513

N: number; BCS: breast conserving surgery; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; RT: radiation therapy;�: marks when the difference is significant.
aEvery participant who had BCS received RT.
bNone of the participants in ‘operation group 3’ had RT. Two-thirds of the participants in ‘operation group 4’) received RT (those with
lymph node metastasis).
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Discussion

To our knowledge, the present study is the first to span more
than 10 years of follow-up on both subjective and objective
shoulder and arm morbidity issues following BC treatment. We
studied development in shoulder and arm morbidity over time.

The prevalence of pain in the operated area was 53%,
and those who were most affected by pain had had BCS.
Our findings confirm the tendency reported by Peuckmann
et al. [16]. The present study also shows a high prevalence
proportion of pain in the shoulder (30%) or arm (21%). This

finding also correlates with findings reported in other studies
[28]. Adjuvant chemotherapy is also considered causing late
morbidity as pain and paresthesia. Others have focused on
this topic and found persistent pain associated to the adju-
vant chemotherapy [29].

Comparison with previous studies is hampered by the fact
that definitions of ALE differ across studies. Some compare
the ‘operated’ and the ‘non-operated’ arms and define ALE
as a> 2 cm difference in upper arm circumference,
a> 200ml difference according to volumetry, or a> 10% dif-
ference in circumference or volume. Studies including

Table 2. Questionnaire evaluation.

Operation group

Symptoms
All

N¼ 70
BCSþ SLNB
N¼ 22

BCSþALND
N¼ 27

Mastþ SLNB
N¼ 3

MastþALND
N¼ 18

Functional impairment One or more of the following:
- Hand and arm function

34 (48.6%)
17 (24.3%) 4 (18.2%) 10 (37.0%) 1 (33.3%) 2 (11.1%)

- Dressing habits 7 (10.0%) 0 3 (11.1%) 1 (33.3%) 3 (16.7%)
- Habits of household chores 12 (17.1%) 2 (9.1%) 6 (22.2%) 1 (33.3%) 3 (16.7%)
- Washing and styling hair 7 (10.0%) 1 (4.5%) 3 (11.1%) 2 (66.7%) 3 (16.7%)
- Reaching above the head 15 (21.4%) 4 (18.2%) 3 (11.1%) 1 (33.3%) 7 (38.9%)
- Carrying heavy bags 29 (41.4%) 6 (27.3%) 13 (48.1%) 0 10 (55.5%)
- Hobbies and sports activities 14 (20.0%) 2 (9.1%) 9 (33.3%) 1 (33.3%) 2 (11.1%)

Arm volume Arm swelling or heaviness 18 (25.7%) 2 (9.1%) 8 (29.6%) 1 (33.3%) 7 (38.9%)
Bother score
1 3 0 0 0 3
2 11 2 6 0 3
3 4 0 2 1 1
4 0 0 0 0 0

Use of compression sleeve 5 (27.8%) 1 2 0 2

Mobility Decreased shoulder mobility 18 (25.7%) 6 (27.3%) 6 (22.2%) 1 (33.3%) 5 (27.8%)
Bother score
1 5 2 2 0 1
2 10 4 3 0 3
3 1 0 1 0 0
4 2 0 0 1 1

Doing weekly exercise 40 (57.1%) 10 (45.5%) 17 (63.0%) 2 (66.7%) 11 (61.1%)

Pain Shoulder pain 21 (30.0%) 7 (31.8%) 8 (29.6%) 1 (33.3%) 5 (27.8%)
Bother score
1 3 2 0 0 1
2 12 4 7 0 1
3 4 1 1 0 2
4 2 0 0 1 1

VAS 4 (2-9) 3 (2-7) 3.5 (2-5) 7 (7) 5 (2-9)
Arm pain 15 (21.4%) 2 (9.1%) 8 (29.6%) 1 (33.3%) 4 (22.2%)
Bother score
1 2 0 0 0 2
2 9 2 7 0 0
3 3 0 1 0 2
4 1 0 0 1 0

VAS 3 (1-7) 4 (3-5) 3 (1-6) 5 (5) 3.5 (1-7)
Breast region pain 37 (52.9%) 11 (50%) 16 (59.3%) 1 (33.3%) 9 (50%)
Bother score
1 20 7 9 0 4
2 12 3 6 0 3
3 5 1 1 1 2
4 0 0 0 0 0

VAS 2 (1-6) 3 (1-6) 2 (1-5) 5 (5) 2 (1-6)

Sensibility of upper arm Paresthesia of the arm 16 (22.9%) 4 (18.2%) 6 (22.2%) 0 6 (33.3%)
Bother score
1 7 0 2 0 5
2 8 4 3 0 1
3 1 0 1 0 0
4 0 0 0 0 0

Functional impairment and loco regional symptoms on ipsilateral side of breast cancer operation. Prevalence (number¼N) and prevalence proportion (%) of
participants confirming having symptom. Visual analog scale (VAS) is stated as the median score with min. and max. values. Bother score: 1¼ no problem,
2¼minor problem, 3¼moderate problem, 4¼major problem. BCS: breast conserving surgery; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node
dissection; Mast ¼ mastectomy.
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preoperative evaluations frequently use the same definitions
but compare the ‘operated’ arm before and after BC treatment.

We included preoperative information on natural arm vol-
ume differences to calculate adjusted arm volumes. Others
before us have commented on the importance of consider-
ing the natural asymmetry between the dominant and non-
dominant arm [23,25]. Even so, we are not familiar with any
recent studies in which arm volumes have been adjusted
according to preoperative differences as done here. Arm vol-
umes and degrees of ALE on the ‘operated’ arm increased in
the 10- year period since the last follow-up. This has also
been shown in other studies, which, however, all had a
shorter follow-up period than the present study [3,7,30].

Both RT and axillary surgery are known to affect the risk of
ALE [6,10,31,32]. A large majority (87%) of our participants had
received RT. It may be considered a weakness of our study
that we do not report on various aspects of RT as it is known
that adjuvant RT may impact the results. However, we are here
concerned with the overall radiation effect for which purpose

no such details was deemed necessary. The AMAROS trial com-
pared ALND with axillary RT; at 5 years, the risk of ALE was
15% after axillary RT alone and 25% after ALND alone [10]. In
studies focusing on the risk of ALE associated with the extent
of axillary surgery, SLNB has been found to carry a lower risk
than ALND [6,31]. Also, the number of removed lymph nodes
has been found to influence the risk of ALE [6,33]. The risk of
ALE was increased after ALND in both node positive and node
negative patients compared to after SLNB as shown by Sackey
et al. [34]. Currently, the SENOMAC randomized trial (NCT
02240472, www.clinicaltrials.gov) investigates the consequen-
ces of refraining from ALND in BC patients with 1–2 sentinel
nodes with macrometastasis (www.senomac.se). Two thirds of
the participants in the present study had ALND, but we found
no significant difference in the prevalence of ALE between the
operation groups. The risk of ALE has also been associated
with increased BMI [35] and young age [36]. The 10-year
increase in arm volumes could have been explained by
increasing BMI with age, but we observed a rather stable BMI.

Table 3. Changes in shoulder and arm morbidity in 10 years.

1.5 years
FU

11.5 years
LT-FU

Timely
Development p Value

Subjective symptoms
+ .008�Reduced hand and arm functioning Yes 26 (39.4%) 16 (24.2%)

N¼ 66 No 40 (60.6%) 50 (75.8%)

Arm swelling/heaviness Yes 23 (35.4%) 17 (26.2%) + .000�
N¼ 65 No 42 (64.6%) 48 (73.8%)

Decreased mobility Yes 15 (22.7%) 17 (25.8%) * .015�
N¼ 66 No 51 (77.3%) 49 (74.2%)

Pain shoulder Yes 17 (25.4%) 20 (29.9%) – .073
N¼ 67 No 50 (74.6%) 47 (70.1%)

Pain operated area Yes 27 (40.3%) 35 (52.2%) * .000�
N¼ 67 No 40 (59.7%) 32 (47.8%)

Objective findings
Sensibility changes
N¼ 67

Yes 40 (59.7%) 28 (41.8%) + .000�
No 27 (40.3%) 39 (58.2%)

Flexion
N¼ 67

Severe <120 1 (1.5%) 2 (3.0%) * .001�
Moderate 121–150 5 (7.5%) 6 (9.0%)
None >150 61 (91.0%) 59 (88.1%)

Extension
N¼ 67

Severe <45 6 (9.0%) 13 (19.4%) – .323
Moderate 45-60 21 (31.3%) 16 (23.9%)
None >60 40 (59.7%) 38 (56.7%)

Abduction
N¼ 67
Difference (%)
from non-operated

Severe Min – �5% 18 (26.9%) 17 (25.4%) – .321
Moderate �5–0% 39 (58.2%) 29 (43.3%)
None 0–max% 10 (14.9%) 21 (31.3%)

Inward rotation

N¼ 67

Severe <50 2 (3.0%) 15 (22.4%) – .261
Moderate 50–70 30 (44.8%) 38 (56.7%)
None >70 35 (52.2%) 14 (20.9%)

Outward rotation
N¼ 67

Severe <60 4 (6.0%) 12 (17.9%) * .005�
Moderate 60–80 22 (32.8%) 20 (56.6%)
None >80 41 (61.2%) 35 (52.2%)

Adjusted arm Severe >10% 2 (3.9%) 4 (7.8%) – .323
Volume difference
N¼ 51

Moderate >5–10% 2 (3.9%) 10 (19.6%)
None �5% 47 (92.2%) 37 (72.5%)

Comparison of prevalence of shoulder and arm morbidity in 10 years (1.5 and 11.5 years postoperatively). For each parameter the given number
of participants is shown as N. Prevalence and prevalence proportion (number (%)) of participants with shoulder and arm symptoms and object-
ive findings. Based on the questionnaire, objective measurements of shoulder movements in degrees of passive range of movement (ROM),
arm volumes in ml by SWDI, and alterations in sensibility on the upper arm on the ipsilateral side of the operation.
* marks a worsening in symptoms/findings, + marks an improvement, and ) marks status quo.
FU: follow up; LT-FU: long-term follow-up; SWDI: simplified water displacement instrument; �: marks if the difference is significant.
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Our findings of decreased mobility in the ‘operated’ shoul-
der did not appear to be associated with the type of surgical
treatment. Others have found decreased mobility to be asso-
ciated with RT, ALND, and mastectomy [2,4,32,37,38].
According to the questionnaire, 57% of our study population
was still doing exercises more than twice weekly to maintain
shoulder mobility. This might have biased our results. The
mobility might have been further decreased if they were not
doing exercises. Axillary web syndrome (AWS) is also associ-
ated with decreased mobility and the occurrence of pain
[39,40]. In the present study, AWS was not investigated as a
specific endpoint, albeit no AWS was noticed at the LT-FU or
reported at the 18months follow up.

In the present study, abduction was compromised over time
on the operated side. However, reviewing the examination tech-
nique at LT-FU, we realized that our focus on the isolated gleno-
humeral motion during abduction may have differed from the
focus adopted at the earlier follow-up examinations. To account
for this apparent systematic error, we calculated the percentage
differences between the ‘operated’ and the ‘non-operated’ arms
to facilitate comparison of the LT-FU data with the 18-month fol-
low-up data. Shoulder-arm morbidity in general and mobility in
particular seem to affect both the operated and the contralateral
side [5,41,42]. At each follow-up session, our study population
was evaluated bilaterally and we do have baseline values
for comparison.

Sensibility of the upper arms improved from 18months to LT-
FU. This suggests that the improvement may partly be caused
by reversible neuropraxia and not by complete nerve lesion.

It may be a weakness of the present study that although
it has been used in previous studies, the questionnaire has
never been validated. Some of the questions about ADL
used in the LT-FU setting were intentionally picked from a
validated questionnaire [9]. These questions were piloted
and evaluated for relevance and comprehensibility before
baseline and before the LT-FU. However, to enhance the
quality of the questionnaire, a validation study is demanded.

The present study was limited by a rather small size of the
study cohort. A larger cohort might have given a clearer picture.
The small study population was represented by a group of rela-
tively younger (median age ¼ 54years at diagnosis) and less fre-
quently smoking women (Table 1). In Denmark, the median age
at diagnosis of BC is 62years. Furthermore, some of the invited
women declined participation due to comorbidity (N¼ 16).
These negative responders might have more pronounced symp-
toms and findings of shoulder and arm morbidity. We do not
possess knowledge of the reason why non-responders (N¼ 86)
did not answer to the invitation. The frequencies and extent of
symptoms and findings may be biased due to this selection of
participants, which complicates generalization from our study.
Albeit, our focus on the development in symptoms and findings
in the available study population is not considered to be
affected by this bias.

Registration of Patient Reported Outcome Measures (PROM)
might improve the knowledge on late effects of breast cancer
treatment. Actually, a very ambitious PROM-study is underway in
Denmark. In that study, patients will from diagnosis of BC and
throughout treatment and follow-up repeatedly be asked to

report on symptoms via an interactive application using com-
puter-adaptive testing (CAT). Every patient with newly diagnosed
early BC will be asked to participate.

The late symptoms related to BC treatment may change over
time, becoming either better or worse, as shown by others [3,7].
Therefore, baseline evaluations and repeated follow-up are
important, as illustrated in the present study. Our findings of
symptom development over time echo findings reported in pre-
vious studies [3,7]. However, the present LT-FU study also shows
that some symptoms progress even beyond 5years, indeed up
to 11.5 years. Although our study population consists of relatively
young patients with BC with a median age of 64.8 (range
51.5–78.5) at LT-FU, we cannot ignore the possibility that some
of the symptoms or objective findings may be related not to BC
treatment per se but to increasing age.

Conclusion

More than 11 years after BC treatment, two out of three par-
ticipants complained of one or more subjective symptoms of
shoulder and arm morbidity. The objective findings were in
most cases mild or modest but might affect ADL.

During the prolonged follow-up period of 10þ years, a
worsening in symptoms and objective findings was observed.
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