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Abstract
Purpose  Persistent pain is a known challenge among breast cancer survivors. In secondary analyses of a randomized con-
trolled trial, we examined the effect of progressive resistance training on persistent pain in the post-operative year in women 
treated for breast cancer with axillary lymph node dissection.
Methods  We randomized 158 women after BC surgery with Axillary Lymph Node Dissection (ALND) (1:1) to usual care 
or a 1-year, supervised and self-administered, progressive resistance training intervention initiated 3 weeks after surgery. A 
questionnaire at baseline, 20 weeks and 12 months assessed the intensity and frequency of pain, neuropathic pain and influ-
ence of pain on aspects of daily life. We analysed the effect using linear mixed models and multinomial logistic regression 
models for repeated measures.
Results  A high percentage of participants experienced baseline pain (85% and 83% in the control and intervention groups 
respectively) and by the 12 month assessment these numbers were more than halved. A high proportion of participants 
also experienced neuropathic pain (88% and 89% in control and intervention group respectively), a finding that was stable 
throughout the study period. The effect on intensity of pain indicators favoured the exercise group, although most estimates 
did not reach statistical significance, with differences being small.
Conclusion  For women who had BC surgery with ALND, our progressive resistance training intervention conferred no 
benefit over usual care in reducing pain. Importantly, it did not increase the risk of pain both in the short and long term 
rehabilitative phase.

Keywords  Oncology · Breast cancer · Axillary lymph node dissection · Pain · Resistance training

Introduction

Persistent pain after breast cancer (BC) treatment is regarded 
a major problem in survivorship, with 10–20% of survivors 
reporting moderate to severe pain up to several years after 
surgery [1–3]. Risk factors are younger age, patients treated 
with axillary lymph node dissection (ALND), and pre and 
postoperative pain [4–8]. Other associated factors are high 
body mass index (BMI) [9, 10], lymphoedema [7], and 

psychological factors such as distress, anxiety and depres-
sion [11, 12].

In non-cancer populations, exercise has been found to 
have an effect on pain through a combination of mecha-
nisms such as the endogenous opioid system [13], activa-
tion of anti-inflammatory cytokines [14] and descending and 
ascending pain pathways [15, 16]. Moreover, different exer-
cise modes may affect pain through different mechanisms as 
they elicit distinct physiological responses [17]. According 
to a meta-analysis of the analgesic effect of exercise from 
2012 [15] resistance exercise rather than aerobic exercise 
provided pain reduction, but findings were based mainly 
on animal studies. According to the most recent literature 
reviews on exercises studies after breast cancer surgery 
[18–21], only two randomized controlled trials (RCTs) have 
specifically tested the effect of aerobic/resistance exercise 
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on pain postoperatively [22, 23] , and they assessed short 
exercise programs in small study populations (N = 37 and 
65) with modest effects on pain suggesting limited impor-
tance to the patient.

The use of progressive resistance training (PRT) in the 
post-operative phase after BC only reaches a weak recom-
mendation based on low quality of the evidence in the most 
recent national clinical guidelines [24] and has been avoided 
in the clinic, possibly due to presumed adverse effects such 
as risk of lymphoedema, provocation of pain and disturbed 
tissue healing. However, many beneficial effects of PRT have 
been documented, including examples of superior effects 
compared to those of other exercise modes. PRT has been 
positively associated with bone health, dynamic upper quad-
rant muscular joint stability and in maintaining muscle mass 
and strength; all areas in which BC survivors can be chal-
lenged [25]. For the advantages of PRT to be made available 
to women after surgery for BC, one of the factors that need 
to be examined is the effect on pain.

Primary analyses of the current RCT showed that early 
initiated PRT through the first post-operative year could not 
prevent lymphoedema in women undergoing ALND for BC. 
In this report, we present results from analyses on secondary 
trial outcomes examining the effect on pain.

Methods

Design, participants, randomization and blinding

The current trial, LYCA (ethical approval ID: H-15002714, 
clinicaltrials.gov: NCT02518477), recruited 158 participants 
from August 2015 to January 2017 from Copenhagen Uni-
versity Hospitals Herlev and Rigshospitalet and Ringsted 
Hospital covering East Denmark, with data collection end-
ing by January 2018.

Women were eligible if they were aged 18–75 years, were 
diagnosed with primary unilateral BC, had surgery includ-
ing ALND, had no known distant metastases, understood 
spoken and written Danish and were physically and men-
tally able to participate in a group exercise regimen. Par-
ticipants were recruited by staff nurses or physiotherapists 
on the day of surgery and gave final consent before baseline 
testing and questionnaire assessment took place 2 weeks 
post-surgery. A computerised study-database generated the 
random allocation sequence and allocated participants in 
a 1:1 ratio to usual care or exercise intervention stratified 
by BMI (>/< 30) and recruiting hospital in blocks of six. 
Participants’ group status was concealed for assessors, the 
data manager and the statistician through the use of study 
identification numbers after baseline testing. Finally, the 
study coordinator contacted participants with information 
on allocation assignment.

Breast cancer treatment

All patients were prescribed treatment according to the 
Danish Breast Cancer Group guidelines [26]. Surgery con-
sisted of breast conserving surgery or mastectomy and all 
patients included had ALND, either primary or secondary 
to sentinel lymph node biopsy. Thus according to protocol, 
all participants had radiotherapy with a radiation field that 
included the axilla, chest wall or residual breast, as well as 
parasternal nodes for right sided cancers. Chemotherapy was 
administered according to risk status, and consisted of cyclo-
phosphamide, anthracycline and taxane. Endocrine therapy 
was given according to receptor status, and HER-positive 
patients were offered trazuzumab [27].

Intervention group

The intervention has been described in detail previously [28, 
29]. Figure 1 shows a timeline overview of the intervention 
and measurements. The initiation of the exercise program 
took place at first opportunity after baseline testing (gener-
ally within 1 week) and continued with three times weekly 
exercise throughout the first post-operative year. In the first 
20 weeks, exercise was offered as biweekly physiothera-
pist-led group-based supervised sessions at set times and 
self-administered exercise weekly once. In the following 
30 weeks all exercise was self-administered, and participants 
could choose to attend a local exercise facility or exercise at 
home. The initial exercise load was individually estimated 
from baseline seven repetition maximum (RM) muscle tests, 
which measures the maximal weight a person is able to lift 
seven and only seven times [30].

Load started at 25RM with 20 repetitions, and was gradu-
ally progressed and adapted every month according to 7RM 
strength tests. From 3 months onwards participants exercised 
at 10RM with 10–12 repetitions, but were continually pro-
gressed to accommodate muscle adaptation. The exercises 
for the upper limb included biceps curl, shoulder abduction 
and lawnmower exercise with dumbbells, triceps push-down 
(machine) and shoulder extension (pulley). Further exercises 
were aimed at the major muscle groups of lower limb and 
core.

Control group

The usual care was not standardised in the postoperative or 
rehabilitation setting, and varied in terms of contact with a 
physiotherapist, extent and content of physiotherapy offered. 
However, patients received written information concerning 
post-operative care as well as mobility exercises. Patients 
were advised to re-engage in normal physical activity, but to 
respect pain when lifting or engaging in strenuous physical 
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activity involving the upper limb, and that the prolonged 
strenuous activity of the upper limb should be divided into 
shorter periods. In all three study hospitals standard pro-
cedure included referring patients to physiotherapy in the 
community setting, which often contained manual therapy 
and remedial exercise for mobility and restoration of upper 
limb function for a limited number of weeks. Resistance 
training was not offered in the early post-operative phase.

Outcome assessment

For information regarding the cancer and cancer-treatment, 
we linked data from the Danish Breast Cancer Coopera-
tive Group database [27] and patient’s medical charts were 
reviewed for completion of missing data. A paper-format 
questionnaire distributed by mail or in person containing 
patient reported outcomes including the pain assessment 
was collected at baseline, 20 weeks, and at 12-month fol-
low-up, with up to two reminders and new questionnaires 
were mailed out to non-responding participants.

To assess the different aspects of pain and the influence 
of pain on daily life in detail, we used a questionnaire 
comprising multiple pain outcomes. The questionnaire has 
been content validated in a Danish nationwide breast can-
cer population, as described by Gärtner et al. [31]. Ques-
tions covered the presence of pain with specification to 
the affected area (breast area, side of the thorax, axilla or 
arm on the operated side). Intensity of pain was indicated 
on a numeric rating scale (NRS) from 0 (no pain) to 10 
(worst imaginable pain) as well as whether the pain was 
experienced every day, 1–3 days a week or more rarely for 
each relevant area. We defined participants as having pain 
if they indicated for one or more areas that the pain was at 
least present on a weekly basis, and the highest intensity 
pain score was used as the intensity measure of their pain.

Secondly, we used a Rasch validated scale specifically 
designed to measure neuropathic pain in postsurgical 
patients (NeuPPS), regarding neuropathic pain experi-
enced in the last week [32]. Participants were asked to 
mark whether or not they had experienced any of the fol-
lowing in the area of surgery: (1) pins and needles, tingling 
or stabbing sensations, (2) electrical shock or jolt, (3) heat 
or burning sensation, (4) hypersensitivity to clothes or 
touch, (5) cold-provoked pain. Each symptom gave one 
point, adding up to a NeuPPS score ranging from 0 to 5. 
Using a cut-off of 1, the NeuPPS had a sensitivity of 88% 
and a specificity of 59% [32].

Finally, single items were included to assess the degree to 
which pain in the last 24 h had influenced the aspects of their 
daily life: their general activity, mood, work, relationships 
with other people, sleep, and enjoyment of life. The scores 
for each domain were indicated on NRS (score 0–10).

Statistical analyses

Sample size was calculated with the primary aim of detect-
ing a difference in lymphoedema incidence. From results of 
previous studies, we expected a lymphoedema incidence of 
30% in the control group and 10% in the intervention group 
[33–35]. With α = 0.05 and a power of 0.90, allowing 15% 
loss to follow-up, the estimated sample size was 158 women.

Baseline characteristics were presented separately for 
each group as numbers with proportions (%) and means with 
standard deviation (SD).

All statistical analyses were performed on originally 
assigned groups. First, we examined the effect of the inter-
vention on intensity of pain outcomes using linear mixed 
models including an interaction between the visit and allo-
cated group at 20 weeks and 12 months allowing for a dif-
ferent intervention effect at the two follow-up assessments. 

Fig. 1   Timeline overview of the intervention and measurements related to BC surgery, LYCA, East Denmark, 2015–2018. RM repetition maxi-
mum, Reps repetitions
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Possible correlation between measures from the same per-
son was taken into account using an unstructured covariance 
matrix. To explore the effect of missing data, we repeated the 
analyses using multiple imputations. The imputations were 
carried out using chained equations on the three outcomes 
per person using normal regression models and including 
auxiliary variables in the model (age, BMI, surgery type 
and lymphoedema) for improved imputations. Furthermore, 
based on analyses on complete data, we estimated the abso-
lute effects for both groups separately and for both follow-
ups. The result was graphed as estimated means and 95% 
confidence intervals (CI).

Second, to examine the effect of the intervention accord-
ing to clinically meaningful cut-offs, NRS scores were cat-
egorised in three levels; “no” (0), “mild” [1–3] and “moder-
ate/severe” [4–10], and NeuPPS in two categories; “no” (0) 
and “yes” [1–5], and multinomial logistic regression models 
on complete cases were used for analyses of the effect. To 
take the repeated measures into account, the variance was 
adjusted using person as a cluster. Results were presented 
as conditional odds ratios (COR) with “mild” as reference. 
The COR represents the odds for experiencing “no” versus 
“mild”, and “moderate/severe” versus “mild” of the out-
come, and the odds are conditional on not being in another 
category than the two categories compared. For neuropathic 
pain, the COR represents the odds for reporting “yes” versus 
“no”. Based on the results, probabilities of each outcome 
were estimated and presented graphically with CI. All analy-
ses were carried out using Stata version 14.2.

Results

Participants

No important harms or detrimental effects of the interven-
tion were documented. This has been described in more 
detail, together with the study population and its character-
istics, elsewhere [36]. In brief, 466 patients were eligible 
and 158 (34%) were enrolled. By randomization, 76 were 
allocated to control and 82 to intervention. Figure 2 shows 
the flow of participants through the study. There were no 
apparent differences in characteristics of the patients at base-
line, indicating a balanced randomization (Table 1).

Age at diagnosis ranged from 30 to 74 years (mean = 52, 
SD = 10). Neoadjuvant chemotherapy was administered to 
46 (29%) and 93 (59%) received adjuvant chemotherapy. 
Hormone treatment was administered to 115 (73%). BMI 
ranged from 18 to 50, (mean = 26) and approximately 75% 
of participants had at least college education and were 
employed fully or part-time at time of diagnosis.

At baseline, pain on a weekly basis was reported by 58 
(85%) in the control group and 66 (83%) in the interven-
tion group. This fraction was reduced for both groups at the 
20 week and 12 month assessment, with 40% for the control 
group at both assessments, and 44% and 36% for the inter-
vention group, respectively.

The number of participants experiencing neuropathic pain 
at baseline was 59 (88%) in the control group and 70 (89%) 
in the intervention group. The fraction remained stable for 

Fig. 2   Recruitment and follow-
up with questionnaire assess-
ments of 158 women treated 
for primary breast cancer with 
axillary lymph node dissec-
tion, LYCA, East Denmark, 
2015–2018. *Questionnaire 
assessments for analysis do not 
add up, as some participants 
provided questionnaires at one 
or two assessment points but 
all available data was used in 
mixed model analysis. ITT 
intention to treat analyses, using 
multiple imputations for miss-
ing data
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Table 1   Baseline characteristics 
of 158 women treated for 
primary breast cancer with 
axillary lymph node dissection, 
LYCA, East Denmark, 
2015–2018

SD standard deviation
*Self-reported swelling of the arm on the affected side, measured on Numeric Rating Scale from 0 (min) to 10 
(max)
a During the study period (January 2017), national guidelines regarding the taxane regimen were changed from 
docetaxel to paclitaxel. Participants were evenly distributed between the groups before and after this change. Ten 
and nine participants in the control and intervention groups, respectively, were not prescribed chemotherapy

Characteristic Control (n = 76) Intervention (n = 82)

Mean, n SD, % Mean, n SD, %

Sociodemographic and physical profile
 Age (years) 52 10 53 10
 Education

  Short or medium 10 13 13 15
  Long 47 62 49 60
  Other 11 14 17 21
  Data missing 8 11 3 4

 Employment
  Full or part-time at diagnosis, 53 70 63 77
  Not employed, pensioned, sick leave, other 15 20 17 21
  Data missing 8 10 2 2

 Body mass index (kg/m2) 26.6 5 26.5 6
  ≤ 25 33 43 39 48
  > 25 – ≤ 30 26 34 22 27
  > 30 17 22 21 26

Medical and surgical profile
 Histologic stage of malignancy

  1 16 21 12 15
  2 35 46 48 59
  3 18 24 15 18
  Data missing 7 9 7 9

 Surgical protocol
  Lumpectomy 41 54 43 52
  Mastectomy 35 46 39 48

 Number of lymph nodes resected 20 7 19 9
 Number of positive lymph nodes 3.0 3 2.9 4
 Tumour diameter (mm) 23 12 22 12

  Data missing 27 36 22 27
 Chemotherapya

  Adjuvant 45 59 48 59
  Neoadjuvant 21 28 25 30

 Hormone treatment 51 67 64 78
 Data missing 2 3 0
 Self-reported swelling at baseline* 1.2 1.6 0.7 1.4

Health behaviour
 Physical activity before diagnosis

  Inactive 4 6 0
  < 30 min daily 22 32 30 38
  Active ≥ 30 min daily 22 32 32 40
  Active > 30 min daily + high intensity more than twice 

weekly
20 29 18 23

 Smoking
  Current smoker 5 9 4 5
  Ex-smoker 34 52 34 42
  Never smoked 26 39 43 53

 Alcohol consumption
  No. of units per week 3.6 4.1 5.1 5.7
  None 22 29 22 27
  Data missing 11 14 9 11
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both groups at the 20 week and 12 month assessments. There 
was no significant difference between groups regarding the 
frequency of participants experiencing pain or neuropathic 
pain (data not shown).

Although results favoured the intervention group for all 
continuous outcomes (pain, neuropathic pain, and the influ-
ence of pain on six aspects of daily life), most differences 
were not statistically significant (Table 2).

The estimates for overall effect across time points were 
significant for two outcomes; influence of pain on relation-
ships with other people and neuropathic pain intensity. 
However, in both cases the difference did not exceed 1 point 
on NRS and 0.5 points on NeuPPS, and must therefore be 
considered clinically unimportant differences.

In analyses using multiple imputed data (Supplementary 
Table A), the estimates for all pain outcomes were simi-
lar and did not give rise to any new interpretation of the 
results. The absolute estimates and CI of all pain outcomes 
per group and visit based on complete data from Table 2 are 
presented graphically in Fig. 3, illustrating the tendency of 
lower follow-up pain scores for the intervention group.

In analyses of categorical outcomes, estimates favoured 
the intervention group but did not reach overall statistical 
significance (supplementary Table B), with COR ranging 
from 0.05 to 0.72. A panel of plots for the probability of 
scoring in the three categories for each outcome is presented 
in Fig. 4.

Discussion

Results of the present study show no effect of PRT on post-
operative pain throughout the first year with adjuvant ther-
apy after ALND. Although estimates tended to favour the 
intervention group, statistical significance was not reached 
for most outcomes, however, consistently pointing towards 
an interpretation that the exercise intervention did not lead 
to increased pain when compared with usual care. Previous 
research has repeatedly documented the impaired shoulder 
function and reduced muscle strength on the affected side 
in women undergoing surgery for breast cancer [37–39]. In 
post-operative regimes after other types of surgery and can-
cer treatment, resistance training is necessary for gaining 
full recovery, suggesting that PRT could potentially have 
this effect also after breast cancer surgery and treatment. 
However, standard clinical practice today does not involve 
PRT in the post-operative rehabilitation, likely due to cau-
tion with regards to lymphoedema risk, provoked pain lev-
els and disturbed tissue healing. With this study we have 
demonstrated that if supervised by a physiotherapist, PRT 
can be carried out safely while respecting pain, thereby not 
contradicting the possibility that PRT can have a beneficial 
role in the early post-operative setting and beyond.

Table 2   Effect of intervention as change from baseline to 20-week 
and 12-month assessment: Results of analyses using complete data 
for continuous outcomes (pain, neuropathic pain, and aspects of daily 
life influenced by pain) of 158 women treated for primary breast 
cancer with axillary lymph node dissection, LYCA, East Denmark, 
2015–2018

Exercise intervention group, Control control group, 95% CI 95% 
confidence interval, p—p value, p expresses the level of significance 
for that assessment point, and overall p expresses the overall level of 
significance for the repeated measures for that outcome, N number of 
participants, Obs. observations

Effect 95% CI Overall p

Pain N = 152, obs. = 384 0.227
 20 weeks exercise − 0.39 − 1.04; 0.26
 20 weeks control 0 Reference
 12 months exercise − 0.59 − 1.27; 0.09
 12 months control 0 Reference

Neuropathic pain N = 147, obs. = 363 0.049
 20 weeks exercise − 0.41 − 0.75; − 0.08
 20 weeks control 0 Reference
 12 months exercise − 0.11 − 0.55; 0.33
 12 months control 0 Reference

Pain influence on: 
general activity

N = 152, obs. = 383 0.074

 20 weeks exercise − 0.61 − 1.25; 0.04
 20 weeks control 0 Reference
 12 months exercise − 0.58 − 1.16; − 0.01
 12 months control 0 Reference

Mood N = 152, obs. = 384 0.205
 20 weeks exercise − 0.53 − 1.12; 0.06
 20 weeks control 0 Reference
 12 months exercise − 0.31 − 0.86; 0.24
 12 months control 0 Reference

Work N = 152, obs. = 380 0.094
 20 weeks exercise − 0.71 − 1.41; − 0.00
 20 weeks control 0 Reference
 12 months exercise − 0.60 − 1.28; 0.08
 12 months control 0 Reference

Relationships N = 152, obs. = 384 0.013
 20 weeks exercise − 0.54 − 1.00; − 0.08
 20 weeks control 0 Reference
 12 months exercise − 0.71 − 1.21; − 0.22
 12 months control 0 Reference

Sleep N = 152, obs. = 385 0.112
 20 weeks exercise − 0.57 − 1.27; 0.13
 20 weeks control 0 Reference
 12 months exercise − 0.69 − 1.42; 0.03
 12 months control 0 Reference

Life enjoyment N = 152, obs. = 384 0.107
 20 weeks exercise − 0.57 − 1.20; 0.05
 20 weeks control 0 Reference
 12 months exercise − 0.53 − 1.12; 0.07
 12 months control 0 Reference
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The 20-week assessment is likely to represent the time 
when most patients experience an accumulation of treatment 
side effects from chemotherapy and radiotherapy, also affect-
ing pain negatively. Encouragingly, in this study, we did not 
find evidence that this was the case. Furthermore, at this 
timepoint, we found that a person in the intervention group 
had a 76% lower risk than a person in the control group of 
experiencing moderate/severe pain compared to mild pain. 
The comparison of the “moderate/severe” category versus 
the “mild” category corresponds to the cut-off point for pain 
level of clinical relevance used in other studies [1, 40], and 
to the patient, this might be the difference between a truly 
bothersome pain and an acceptable pain.

Most RCTs examining the effect of exercise on pain after 
BC tested the effect of aerobic or combined aerobic and 
resistance training. Evidence from these trials is modest 
and inconsistent, with merely 50% of studies showing small 
effects of limited if any clinical importance [18, 19]. Only 
one trial tested the effect of PRT alone. Lymphoedema was 
the primary outcome variable, and the intervention was an 

early initiated 6-month program of PRT after BC in a popu-
lation similar to the present study (n = 204) [41]. However, 
they used activity restriction and not usual care as compari-
son and their pain assessment was less extensive, consisting 
of one single-item assessing pain during activity. They found 
higher levels of pain in the intervention group at 6 months 
but no difference between groups in the long term, which 
is somewhat conflicting our findings. We observed mostly 
non-significant declines in pain scores from baseline to 
20 weeks, and maintained levels at 12 months. Our find-
ings are otherwise in keeping with previous studies where a 
tendency towards a positive effect of exercise in general is 
seen, although the magnitude of the effects does not reach 
levels of clinical relevance [18, 19].

There might be various explanations to why our interven-
tion did not consistently show significant pain-reductions. 
First, there might be an unidentified subgroup in which 
resistance training is more effective. A previous trial exam-
ined a sedentary subgroup of BC survivors (n = 28) and 
the effect of a 12-week combined exercise program [42]. 

Fig. 3   Estimated levels for pain, neuropathic pain, and the influence 
of pain on the aspects of daily life of 158 women treated for primary 
breast cancer with axillary lymph node dissection, LYCA, East Den-
mark, 2015–2018. a estimated pain intensity (0–10). b Estimated 
neuropathic pain intensity (0–5). c Estimate for the impact of pain on 

general activity (0–10). d Estimate for the impact of pain on mood 
(0–10). e Estimate for the impact of pain on work (0–10). f Estimate 
for the impact of pain on relationships (0–10). g Estimate for the 
impact of pain on sleep (0–10). h Estimate for the impact of pain on 
life enjoyment (0–10)
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Results indicated a significant pain reduction in the inter-
vention group, but no change in the control group. Another 
larger trial examined a subgroup of women over the age 
of 60 years with mixed cancer diagnoses (n = 109) and the 
effect of a 6-week homebased combined walking and resist-
ance exercise program during chemotherapy. Results showed 
that exercise prevented an otherwise increase in neuropathic 
pain intensity [43]. In both subgroups addressed above, the 
control group did not experience a pain reduction over time, 
contrary to what could be expected and was also found for 
the control group in the present study. Subsequently it can 
be speculated that in a group with a worse pain prognosis, 
e.g. sedentary women with reports of post-operative pain, 
the potential for an effect of intervention could be larger.

Second, explanations might be found in the limitations of 
this study. The lack of a substantial difference between inter-
vention and usual care is a potential issue, as usual care was 
heterogeneous across municipalities in Eastern Denmark and 
many participants attended rehabilitation including some 
element of exercise. Knowledge at present does not specify 
which resistance or combined exercise protocol is the most 
efficient in reducing low-grade inflammation [44] or releas-
ing endogenous opioids [13]. However, there is likely to be 

a dose–response relationship involved [15], and it is most 
likely that the intervention group exercised at a higher inten-
sity and volume, and for a longer period than in usual care.

Adding to this is the risk of selection into the study, in 
that more women who were already likely to exercise any-
way might have signed up for our study, and as we do not 
restrict activity in the control group it might have diluted 
the effect of the intervention. Furthermore, missing data, 
especially at the 20 week assessment, might have introduced 
wider confidence intervals or skewed the effect estimates 
in either direction. However, we additionally analysed data 
including multiple imputation to assess this factor and it 
did not change estimates notably. Finally, it is likely that 
the power to detect a difference in pain outcomes was insuf-
ficient, as pain was not a primary end-point in this trial, and 
the relatively high number of statistical tests performed in 
this study introduces a risk of type 1 error, where a statisti-
cally significant finding might be due to chance.

This study has novelty in several aspects. First, in a 
research field where evidence mostly stem from observa-
tional studies, we tested a unimodal resistance training inter-
vention which is useful if we wish to distinguish between the 
effects of different exercise modes. Second, the intervention 

Fig. 4   Panel of plots for probability of pain and aspects of daily 
life influenced by pain at each assessment point, of 158 women 
treated for primary breast cancer with axillary lymph node dissec-
tion, LYCA, East Denmark, 2015–2018. Categories are 0 = none; 
1 = mild; 2 = moderate/severe. Neuropathic pain in two categories; 
0 = no, 1 = yes. a estimated probability pain. b Estimated probability 

of neuropathic pain. c Estimated probability for the influence of pain 
on general activity. d Estimated probability for the influence of pain 
on mood. e Estimated probability for the influence of pain on work. 
f Estimated probability for the influence of pain on relationships. g 
Estimated probability for the influence of pain on sleep. h Estimated 
probability for the influence of pain on life enjoyment
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duration and the length of follow-up were longer than what 
has previously been reported in studies of pain after BC. 
Third, this study adds substance to the research within the 
field by including a study population at high risk for expe-
riencing persistent pain and initiating the intervention in 
the early post-operative phase and extending through the 
adjuvant therapy period and beyond. This particular period 
carries challenges with mounting side effects making it dif-
ficult to maintain or achieve sufficient and sustainable exer-
cise habits. All the above are aspects that need attention for 
evidence based recommendations to be formed for the group 
of women with BC. Finally, this study holds a strength in 
the detailed assessment tool developed to assess pain and 
neuropathic pain after BC and validated in the background 
population.

Conclusion

In a BC population at high risk for experiencing persistent 
pain, there is no consistent evidence of an effect of PRT on 
intensity of pain, neuropathic pain and the influence of pain 
on aspects of daily life. However, restrictive and cautious 
behaviour in relation to PRT in BC rehabilitation could be 
reconsidered, as we found no evidence of negative effects 
on pain in this setting. In order to provide evidence based 
recommendations for managing persistent pain after BC, 
further studies should examine PRT at different intensities 
and volumes. Moreover, it should be established whether 
effects are different for subgroups in order to allow a more 
personalised approach.
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