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Research Article

Introduction

Breast cancer is the most frequently diagnosed cancer type 
in women worldwide, affecting more than 1.5 million 
women each year1 and representing 25% of all female can-
cer cases.2 The 5-year survival rate of breast cancer in many 
countries with advanced medical care is estimated to 80% 
to 90%; in Denmark, it is 86%; and by the end of 2014, 
62 150 Danish women were living with the diagnosis.3

Breast cancer treatment often involves a surgical inter-
vention and various combinations of adjuvant chemother-
apy, radiotherapy, and/or hormone treatment. All aspects of 
the disease and treatment protocol stress the lymphatic sys-
tem, but in particular, axillary lymph node dissection 
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Abstract
Background: The purpose of this study is to determine the interrater reliability of dynamic muscle tests in the early 
rehabilitation phase in women after breast cancer surgery with axillary lymph node dissection (ALND) based on the 
“preventive intervention against lymphedema after breast cancer” (LYCA) randomised controlled trial. Methods: Fifteen 
women treated with breast cancer surgery including ALND were recruited from participants in the LYCA trial. In this 
interrater reliability study, women were tested in 4 dynamic muscle tests by 2 physiotherapists at a Capital Hospital in 
Denmark. Intraclass correlation coefficients (ICCs) with 95% confidence intervals (CIs) was used to assess the relative 
reliability between raters. A Bland-Altman plot and limits of agreement were calculated to describe the absolute reliability. 
Results: All 6 subtests displayed high interrater reliability. ICC values were: leg press 0.96 (95% CI = 0.87-0.99), elbow 
flexion (contralateral) 0.94 (0.83-0.98), elbow flexion (affected arm) 0.93 (0.80-0.98), elbow extension 0.80 (0.41-0.93), 
shoulder abduction (contralateral) 0.89 (0.68-0.96), and shoulder abduction (affected arm) 0.91 (0.74-0.97). Cumulated 
interrater reliability for the test battery was very high (ICC = 0.99, 95% CI = 0.990-1.0). The absolute reliability of this 
study was considered high, and the absence of large shifts between mean and the line of 0 difference suggest no systematic 
bias that could influence clinical interpretation. Conclusions: The dynamic muscle tests evaluated in this study had high 
interrater reliability and can be used reliably in women in the postoperative phase after breast cancer surgery with ALND.
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(ALND) and radiotherapy increase the risk of breast  
cancer–related lymphedema (BCRL).4 Focus in cancer 
rehabilitation postsurgery has been on increasing range of 
movement and function of the upper limb. Historically, 
guidelines and recommendations after breast cancer surgery 
have been followed to avoid loading beyond 5 to 15 kg,5,6 
based on the belief that excessive loading could trigger 
BCRL. In previous research on progressive strength train-
ing and risk of lymphedema after breast cancer, standard 
practice has been to start exercise at a minimal or moderate 
load and increase gradually by the smallest increment  
available.7-10 To our knowledge, only one comparable study 
on postsurgery breast cancer patients has utilized a strength 
test to determine the individual starting point for progres-
sive strength training, but with no evidence of reliability of 
the strength tests used.11 Arguments for not performing 
strength tests in individuals after breast cancer surgery 
could involve caution due to healing concerns, though this 
is not supported in the literature. Furthermore, knowledge 
about lymphedema risk has been insufficient to reassure cli-
nicians that lymphedema would not be triggered by a bout 
of maximal muscle exertion. However, 2 recent studies 
have investigated the effect of a single session of different 
load strength exercises concluding that extracellular fluid in 
the arm is not increased, neither from high-load nor from 
moderate-load exercise.12,13 It can therefore be assumed that 
maximal muscle testing in this high-risk population is safe 
with regard to BCRL development and status.

To make maximal use of the benefits of progressive 
strength training, it is necessary to tailor the strength training 
to the individual patients’ levels of strength by initial and 
repeated testing throughout the course of rehabilitation. With 
recent advances in research documenting the safety of maxi-
mal strength testing, it is essential to examine the reliability 
of these strength tests so they can be used for scientific and 
rehabilitation purposes. When exploring the interrater reli-
ability, 2 important and non-interchangeable aspects can be 
considered; the level of resemblance between test measure-
ments and whether they keep their order in the hierarchy 
(relative reliability), and the level of variation between the 
value of the test results by each tester (absolute reliability).

The objective of this study was to examine the interrater 
reliability of dynamic muscle tests in the early rehabilita-
tion phase in women at high risk of BCRL who have under-
gone breast cancer surgery with ALND. To our knowledge, 
this is the first published study to investigate the interrater 
reliability of maximal dynamic muscle tests in this specific 
group of patients.

Methods

Participants and Setting

In this study, we recruited participants from an ongoing ran-
domized controlled trial, the preventive intervention against 
LYmphedema after breast CAncer (LYCA) study, which 

examined the effect of progressive strength training on the 
development of BCRL in the first year after surgery. 
Participants were women who had undergone breast cancer 
surgery and ALND. The intervention group received 20 
weeks of supervised exercise in teams followed by 30 
weeks of self-managed exercise. The control group received 
usual care. Further details of the LYCA study design have 
been described elsewhere.14,15

Participants included in the present study were recruited 
by convenience sampling among women participating in 
LYCA from the 2 hospitals in the Capital Region, and from 
both the control and intervention groups. In order to test the 
interrater reliability, adjustments to the LYCA protocol were 
made to ensure blinding based on the recommendations for 
diagnostic procedures in manual/musculoskeletal medicine 
by the International Academy of Manual/Musculoskeletal 
Medicine.15,16 Adjustments were (1) participants were 
blinded to the weights being lifted during testing and (2) rat-
ers made the choice of starting weight. Furthermore, all par-
ticipants were instructed not to inform the raters about 
results previously achieved in the LYCA study.

Sample Size

According to de Vet et al,17 an interclass correlation coeffi-
cient (ICC) level of 0.8 with a 95% confidence interval (CI) 
± 0.2 requires a sample size of at least 13 participants with 
2 repeated measurements with regard to reliability.16 Based 
on this, and with the resources at hand in this project, we 
aimed toward a total sample size of 18 with a sample size 
down to n = 13 as statistically acceptable.

Raters

Raters involved in this study had previous experience with 
the test protocol used (Appendix A, available online); 1 
physiotherapist with 18 months of experience in the LYCA 
study performing the test protocol, and 1 physiotherapist 
acting as coordinator and developer of the study protocol in 
the LYCA study although with no practical experience with 
testing the protocol in patients. Both raters received the pro-
tocol before the first test day and were thoroughly instructed 
in blinding procedures.

Equipment

Equipment used in this study included dumbbells, a triceps 
resistance machine with a seated starting position, and a leg 
press resistance machine. Furthermore, tape for markings 
on the wall and a stopwatch were used for the execution of 
the dynamic muscle tests.

Procedure

All participants went through a series of four 7-RM (repeti-
tion maximum) dynamic muscle tests within a total period of 
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20 minutes. Testing was carried out in a fixed order of paired 
tests to minimize bias from muscle fatigue: (1) elbow flexion 
and legpress, and (2) shoulder abduction and elbow exten-
sion. Participants rested for 10 minutes between the 2 series 
of tests by each rater. The order in which raters executed test-
ing varied so that rater 1 and rater 2 both would act as first 
rater. The participants were blinded to all outcomes during 
testing, and the results were later reported by the clinicians.

All tests were performed according to a detailed test pro-
tocol (Online Resource 1, available online), with well-
described criteria for a repetition to be accepted. In each 
test, 7 RM was defined as the maximum weight in whole 
numbers of kilograms the participants could lift 7 times in 
good quality (evaluated by the rater) throughout full pre-
defined range of motion. The maximum test results were 
documented in a test form and kept hidden from partici-
pants and raters until the end of testing.

Statistical Analysis

The data used in this study were ratio-interval data and has 
therefore been analyzed using ICC, limits of agreement 
(LOA), and Bland-Altmann.

Interrater reliability was calculated using the ICC model 
2.2 for each dynamic muscle test. ICC is a correlation coef-
ficient that indicates the level of resemblance between mea-
surements. An ICC level close to 1 indicates a high level of 
similarity, whereas an ICC level close to 0 means no simi-
larity. ICCs were evaluated according to the following stan-
dards reported by Portney and Watkins17,18: poor reliability 
<0.50, moderate reliability ≈ 0.50 to 0.75, and high reli-
ability >0.75. ICC scores were calculated for each individ-
ual subtest, as well as cumulated ICC for the test battery.

In the assessment of absolute reliability, LOA and Bland-
Altman plots were used to determine interrater agreement 
and detect any potential systematic bias. In the Bland-
Altman plots, variations between the absolute values of the 
measurements are detected. It is recommended that 95% of 
the data points in the plots should lie within ±2 standard 
deviations (SDs) of the mean difference.18,19 A large shift of 
mean away from the line of 0 difference would imply occur-
rence of bias in the results. The 95% LOA depends on the 
size of the sample, a small sample size giving a larger varia-
tion between upper and lower limit.19,20 Data were analyzed 
using IBM SPSS Statistics Version 25. Estimates were 
regarded as statistically significant with P < .05.

Ethical Considerations

All participants signed an informed consent form before 
any testing was carried out. The study was approved by the 
National Committee on Health Research Ethics under the 
approval for the LYCA study (Protocol Number: 
H-16019587).

Results

Participants

All women included had undergone breast cancer surgery 
with ALND and participated in the LYCA study in their 
first year after surgery. A total of 55 women out of the 158 
women included in the LYCA study were contacted by 
phone, and 15 women accepted participation in the present 
study (Figure 1). The mean age of participants was 56 
years (SD = 8.8), and mean time since surgery was 61 
weeks (SD = 19). Three participants (20%) had been allo-
cated to the control condition in the randomized controlled 
trial.

Relative Reliability

We found high relative reliability20,21 with ICC values for 
all subtests ranging from 0.80 to 0.96 (Table 1). The overall 
cumulated ICC values for the test battery was 0.99 (CI = 
0.990-1.00) indicating very high interrater reliability.

Absolute Reliability

Data presented in Table 2 show results for absolute reli-
ability for each of the 6 tests. We found the largest inter-
vals between upper and lower LOA for leg press and 
elbow extension, with a mean difference between mea-
surements for the 2 raters of 3 ± 21 kg and −6 ± 12 kg, 
respectively (Table 2). This corresponds to a mean devia-
tion of 1 increment in the leg press machine (10 kg) and 1 
increment in the elbow extension machine (10 kg). With a 
95% certainty, the estimate will lie between −20 kg and 
25 kg for leg press and between −28 kg and 17 kg for 
elbow extension between the 2 raters. In the Bland-
Altman plots (Online Resource 2, available online), we 
looked for variations between the measurements. Since 
the variations between measurements from our 2 raters 
never exceeded 1 increment, the absolute reliability of 
this study is considered to be high. We found broad inter-
vals between the limits of agreement; however, due to the 
absence of large shifts between mean and the line of 0 
difference, we found no evidence of systematic bias that 
could influence clinical interpretation. When comparing 
mean values of rater 1 with mean values of rater 2 for 
each of the 6 tests in Table 2, there seems to be no system-
atic bias between the raters.

Discussion

Major Findings and Strengths

This study investigated the interrater reliability of the 7-RM 
tests used in a population of women who had undergone 
breast cancer surgery with ALND. We found that the 
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relative reliability described by the ICC values was high for 
the 6 subtests. Furthermore, the absolute reliability assess-
ing the agreement between raters was also found to be high, 
and our results indicate no systematic bias was present in 
the 6 subtests.

Strengths of this study include the translatability of tests 
to clinical practice, and the avoidance of handheld dyna-
mometry, which has lower reliability and is often not avail-
able in the clinical setting. A further strength is the 

double-blinded design where patients were blinded to  
the maximum load they reached in the muscle testing, and 
the raters were blinded to results on each patient. On the 
other hand, the design could be argued to introduce a risk of 
fatigue, as the raters were granting participants an unlimited 
number of trials to achieve the 7-RM determination. This 
risk was minimized by maintaining an intermission of 10 
minutes between participants’ first and second rounds of 
tests. Conducting the test sessions on 2 separate days might 
have reduced the risk of fatigue even further, but same-day 
testing was chosen with the argument that the day-to-day 
variation in current shape in this population is large due to 
adjuvant therapies, which would compromise repeatability 
to a greater extent.21,22

Meaning and Importance of the Findings

The establishment of high interrater reliability in this exact 
patient group is crucial for future implementation of pro-
gressive strength training in a postsurgery rehabilitation 
program. The validation of these tests will act as method-
ological pillars in a process where pervious notions and tra-
ditions are questioned, and the safety of high-load exercise 
for patients at risk for BCRL is being established. It has 
been suggested that a slow increase in the maximum work 
capacity will give these women a higher threshold for when 

Figure 1.  Flowchart showing the inclusion process in the study of interrater reliability of dynamic muscle testing in women after 
breast cancer surgery with axillary lymph node dissection (ALND), the preventive intervention against LYmphedema after breast 
CAncer (LYCA) study, East Denmark, 2015 to 2018.

Table 1.  Relative Reliability for 7–Repetition Maximum Tests 
Described by ICC and 95% CIs in 15 Women After Breast 
Cancer Surgery With ALND, the LYCA Study, East Denmark, 
2015 to 2018.

Exercise ICC 95% CI

Leg press 0.96 (0.87-0.99)
Elbow flexion 0.94 (0.83-0.98)
Elbow flexion AA 0.93 (0.80-0.98)
Elbow extension 0.80 (0.41-0.93)
Shoulder abduction 0.89 (0.68-0.96)
Shoulder abduction AA 0.91 (0.74-0.97)
Total for the test battery 0.99 (0.99-1.00)

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence 
interval; ALND, axillary lymph node dissection; LYCA, preventive 
intervention against LYmphedema after breast cancer; AA, affected arm.
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normal everyday activities become an overload; and there-
fore, the risk of developing or worsening BCRL due to 
inflammatory response will be decreased.6 Valid strength 
measurement methods have their importance in this setting, 
where the individual level and adaptation to exercise needs 
to be addressed for strength training to be effective.22,23

The safety of high-load exercise is further reinforced by 
a recent study by Bloomquist et  al, where the acute lym-
phatic response following heavy-load resistance exercise 
did not exceed the response following low-load exercise 
and stresses that heavy-load exercises do not increase extra-
cellular fluid in women with axillary node dissection at high 
risk of developing BCRL.23,24 The 21 participants training 
with loads ranging from 85% to 90% of 1 RM for 5 to 8 
repetitions showed no exacerbated swelling or other BCRL 
symptoms afterward.23,24 These results support the use of 
resistance training in BCRL management postsurgery and 
suggests that current restrictive advice regarding loading of 
the affected arm should be reconsidered. Cormie et  al 
reported similar findings in their study from 2013 where the 
same patient group exercised at a load of 6 to 8 RM without 
an increase in swelling.12 No adverse events appeared in 
these studies; and thus, they underline the importance of 
findings in the present validation study.

Limitations

The high ICC values as seen in Table 2 indicate that measure-
ments will be very similar regardless of the rater performing 
the tests. Although the ICC values are high, some of them 
have a large CIs, for example, shoulder abduction on both 
sides and elbow extension. The large CIs could indicate that 
possible compensatory movements are more difficult for the 
raters to control for in these subtests—especially shoulder 
abduction and elbow flexion with the participants in standing 
and unsupported position. Compensations could be decreased 
by letting the participants conduct the elbow flexion and 

shoulder abduction while sitting on a chair against a wall and 
thereby reducing compensatory movement in the torso. 
Regarding elbow extension, this exercise is conducted in a 
triceps machine where strength is being measured bilaterally 
and where torso position will affect force development; 
therefore, it can be difficult to ensure that only the affected 
triceps muscle is developing force. Very precise instruction 
and correction by raters is required, and deviations will 
potentially affect the outcome measurements.

Compensatory movements might also be partly respon-
sible for the wide CIs in agreement estimates, as raters have 
different perceptions of the degree of compensatory move-
ments observed, and different thresholds for when it leads 
to termination of the test.

With regard to the relative reliability, an acceptable sam-
ple size according to de Vet et al17 has been applied in this 
study. However, a larger sample size would most likely 
have contributed to an even better level of the CI for the 
ICC value.

The modest number of participants is a limitation in this 
study with regard to the absolute reliability of the test bat-
tery. Wide intervals between upper and lower LOA could be 
due to the small number of participants since the calculation 
of LOA largely depends on the sample size.15-17 According 
to de Vet et al, 50 participants are required to provide a rea-
sonable number of dots in a Bland and Altman plot to esti-
mate the LOA.16,17

A possible limitation of this study might be the lack of a 
training and agreement phase to develop a common stan-
dardized agreement of the protocol. However, results of this 
study showed a high interrater reliability even though the 2 
raters had different levels of experience with the dynamic 
muscle tests; 1 rater received a 3-hour introduction to the 
tests and practiced testing on pilot participants and had 
since been testing in the LYCA project. The other rater con-
structed the test protocol and held the introductory training 
sessions in connection to starting the LYCA study. In 

Table 2.  Mean Values for the Difference Between the 2 Raters, and Lower and Upper LOA in 15 Women After Breast Cancer 
Surgery and ALND, the LYCA Study, East Denmark, 2015 to 2018.

Exercise Mean Rater 1 ± SDa Mean Rater 2 ± SDb
Mean Difference 

(±SD)a Lower LOAb Upper LOAc

Leg press 112.00 ± 24.842 113.33 ± 31.547 2.67 ± 11.63 −20.13 25.46
Elbow flexion 6.60 ± 1.404 6.73 ± 1.163 −0.27 ± 0.59 −1.43 0.90
Elbow flexion AA 6.73 ± 1.438 6.40 ± 1.352 0.07 ± 0.70 −1.31 1.45
Elbow extension 58.67 ± 15.055 63.67 ± 13.558 −5.67 ± 11.63 −28.46 17.13
Shoulder abduction 4.53 ± 0.834 4.40 ± 0.910 −0.53 ± 0.52 −1.55 0.48
Shoulder abduction AA 4.40 ± 0.910 4.33 ± 0.976 −0.47 ± 0.52 −1.48 0.55

Abbreviations: LOA, limits of agreement; ALND, axillary lymph node dissection; LYCA, preventive intervention against LYmphedema after breast 
cancer; SD, standard deviation; AA, affected arm.
aMean (kg) for the difference (rater 1 − rater2) ± SD (kg).
bLower limit (kg) for 95% confidence interval (LOA): Mean − (SD∙1.96).
cUpper limit (kg) for 95% confidence interval (LOA): (SD∙1.96) + Mean.



6	 Integrative Cancer Therapies 

preparation for this reliability study, they had the same 
instructions. The results of the current reliability study may 
provide a realistic picture of testing in clinical practice, 
where physiotherapists unavoidably will have different lev-
els of experience with maximal muscle testing. Therefore, 
the results of this study could represent the actual interrater 
reliability in clinical practice. It can be discussed whether 
recommendations about preparation before testing were 
met with regard to developing a common standardized 
agreement as proposed by Patijn and Remvig.15,16 They pro-
pose testing start with a training and agreement phase prior 
to the study where the raters develop a common standard-
ized agreement of the protocol.

In this study, only the interrater reliability had been 
examined, but it would also be relevant to evaluate the intr-
arater reliability to ensure that the variation when compar-
ing results of repeated measurements by the same rater is as 
small as possible. This would contribute to the strength of 
the overall reliability.

Recommendations for Future Research

In clinical practice, it is often a condition that test proce-
dures are conducted by clinicians with different professions 
and from various settings. The translational value may 
therefore be increased even more by involving more than 2 
raters from different backgrounds, and thereby determining 
whether satisfactory levels of interrater reliability can be 
achieved for testers from a wider range of backgrounds. 
Furthermore, to increase the strength of future research, we 
recommend that the included raters go through a standard-
ized agreement preparation as proposed by Patijn and 
Remvig.15,16

Conclusion

Results of this study show high relative interrater reliability 
of dynamic maximal muscle strength tests in women at high 
risk of developing BCRL, expressed by ICC values higher 
than 0.80 for all 4 dynamic strength tests individually and 
0.99 for the complete test battery. The test battery may 
therefore be considered a valid clinometric tool to assess 
muscle strength in women after breast cancer surgery 
involving ALND. The absolute reliability assessment 
lacked statistical power but suggested that no systematic 
bias in testing was present. For higher agreement and con-
sistency to be obtained, an extensive agreement training is 
likely to be useful, as is a higher number of participants to 
assess absolute reliability.

Authors’ Note
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physiotherapy at University College, Copenhagen, Denmark, 
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