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Abstract
Purpose: Although there is evidence that breast cancer patients benefit from exercising during treatment, exercising 
during radiotherapy and especially the effects on upper-limb dysfunctions have been infrequently assessed. Therefore, we 
primarily aimed to confirm our interventions’ feasibility and secondarily aimed to affect upper-limb dysfunctions and fatigue.
Methods: Twenty-two breast cancer patients scheduled for radiotherapy were allocated to an intervention (IG) or a 
passive control group (CG) as they preferred. IG exercised 3×/week during 6 weeks of radiotherapy: cycling endurance, 
handheld vibration, and balance training. We documented adverse events and training compliance (feasibility) and assessed 
the range of shoulder motion (ROM), isometric hand grip strength, vibration sense on the first metacarpophalangeal joint 
of the affected upper limb, and fatigue.
Results: We observed no adverse events and a training compliance of 98 %. IG’s ROM improved significantly (abduction: 
11°; 95% confidence interval [CI] 5 to 20; external rotation: 5°, 95% CI 0 to 10), as did the hand grip strength (1.6 kg, 95% 
CI −0.6 to 3.1), while CG’s ROM did not change. CG’s vibration sense worsened (−1.0 points, 95% CI −1.5 to −0.5), while 
IG’s remained stable. Changes in general fatigue levels between IG (−2.0 points, 95% CI −3.0 to −1.0) and CG (0.5 points, 
95% CI −1.0 to 4.5) revealed significant differences (P = .008)
Conclusions: Our intervention proved to be feasible and provides novel findings: it reduced fatigue levels and interestingly, 
handheld vibration exercises improved upper-limb function due to shoulder ROM, hand grip strength, and vibration sense.
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Introduction

Most women with breast cancer (BC) undergo surgery and 
chemotherapy and/or radiotherapy.1 These treatments trig-
ger various side effects, for example, shoulder immobility, 
numbness or tightness, and lymphedema of the arm.1 As are 
other cancer patients, many BC patients are affected by 
fatigue2,3 and poorer overall physical and psychological 
function.2 To manage these impairments, there is evidence 
of the beneficial effects of physical activity and exercise 
already during treatment.4,5 However, few studies have 
investigated exercising specifically during BC radiotherapy.6 
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BC patients after surgery often suffer from less shoulder 
mobility that can substantially worsen during radiotherapy7; 
range of shoulder motion (ROM) is known to be expandable 
via stretching and strengthening exercises8 even during 
radiotherapy.9-11 Besides shoulder immobility, BC treatment 
can cause peripheral neuropathy symptoms12,13 expressed as 
sensoric and/or motor dysfunctions.14,15 There are indica-
tions that vibration exercises might help alleviate neuropa-
thy-induced lower-body sensory and motor dysfunction.16-18 
This knowledge might also apply to upper-body function: 
upper-body–induced vibration exercises might also affect 
the sensorimotor system, as there are indications of enhanced 
elbow and wrist joint position sensation.19,20 Furthermore, 
improved shoulder ROM was also demonstrated after upper-
body vibration exercises.21,22 The literature on hamstring 
flexibility strengthens the use of whole body vibration 
(WBV) to expand ROM.23 Additionally, vibration exercise 
is known to serve as resistance training24 and therefore might 
counteract impaired muscle strength in the affected limb of 
BC patients.15,25 Despite the knowledge on upper-limb dys-
function, interventions including resistance training or tar-
geting specific impairments like shoulder immobility are 
less frequent,6,26 especially during treatment.8,27 Most stud-
ies during BC radiotherapy focused only on fatigue modula-
tion, mainly via endurance exercises.28-31 However, endurance 
exercises during radiotherapy appear insufficient to address 
functional deficits induced by BC treatment.9,32 Diminished 
strength and functional performance in general thus lead to 
significant impairments in daily life33 and are associated 
with mortality.34 Considering that balance training may 
serve as an additional component to alleviate functional def-
icits35 and to enhance muscular power output,36 though it has 
been infrequently described for cancer patients.37-39

We implemented a nonrandomized controlled pilot 
study to primarily assess the feasibility of a novel exer-
cise intervention in BC patients during radiotherapy 
including handheld vibration training that aims to affect 3 
relevant aspects of upper-limb function (shoulder ROM, 
strength, and sensorimotor function). Furthermore, being 
aware of the aforementioned functional impairments, the 
intervention also included balance training to improve 
functional performance and endurance training, targeting 
fatigue reduction.

Materials and Methods

Study Design and Patients

Within 5 months, we consecutively allocated 22 BC 
patients planned for radiotherapy at the Department of 
Radiation Oncology to either an intervention group (IG) 
or passive control group (CG) (according to their prefer-
ence) to primarily assess the feasibility of our exercise 
intervention in a pilot study. Assessments were undertaken 
at pre- and postintervention time points to evaluate addi-
tional group differences. Baseline assessments took place 
within 1 week before starting radiation (T0) and postas-
sessments within 1 week after 6 weeks of radiotherapy or 
intervention (T1), respectively. Inclusion criteria were a 
BC diagnosis, after surgery, and scheduled radiotherapy. 
Exclusion criteria were instable bone metastasis and/or 
severe cardiovascular diseases.40 Table 1 summarizes 
patients’ characteristics. The study was approved by the 
ethics committee, conducted according to the Declaration 
of Helsinki, and all patients gave written informed consent 
to study participation.

Table 1. Patient Characteristics of Completers (n = 21).a

IG (n = 11) CG (n = 10)b P

Age (years), median (min-max) 52 (39-72) 64 (48-79) .043
BMI (kg/m2), median (min-max) 24.0 (20.9-28.8) 26.7 (20.2-35.5) .152
Stage of breast cancer (n)c

 0 2 0  
 I 3 6  
 II (A/B) 6 4  
Surgery, n (%) 11 (100) 10 (100)  
 Breast conserving 10 (91) 10 (100)  
 Mastectomy 1 (9) 0 (0)  
Chemotherapy, n (%) 5 (46) 5 (50)  
Antibody therapy, n (%) 1 (9) 1 (10)  
Compliance (%), mean ± SD 98 ± 5  

Abbreviations: IG, intervention group; CG, control group; BMI, body mass index.
aSignificant results are highlighted in boldface P < .05.
bNo postintervention data were available for one patient.
cAccording to UICC TNM staging system.
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Intervention

The one-on-one training sessions took place in the Division 
of Sports Oncology in the Clinic of Internal Medicine I, 3 
times per week for 60 minutes over 6 weeks during radio-
therapy following Hwang et al.9

The intervention protocol included 3 units lasting 20 
minutes: first, endurance training on a stationary bicycle 
with 60% to 75% of the maximum heart rate; second, hand-
held vibration training with the Galileo UpX vibrating 
dumbbell (Novotec, Pforzheim, Germany; 2.6 kg; 5-40 Hz; 
2 mm amplitude). The handheld vibration training aims to 
enhance shoulder mobility and upper limb strength, and 
thus consisted of 3 sets of 5 partially assisted exercises: a 
passive muscle relaxing part (8-12 Hz), active coordination 
part (16-20 Hz), and an active resistance part (22-30 Hz). 
Active exercises included abduction and anteversion as 
well as rotation movements in different planes of the shoul-
der and followed intensity prescription of 14 to 16 on the 
perceived exertion rating scale.40,41 For safety reasons and 
to support weaker or already tired patients, exercises were 
assisted by a pulley system. During passive relaxing, the 
pulley system carried the dumbbell’s weight for passive 
vibrating over the shoulder level. Third, patients performed 
balance training (3 sets of 3-6 exercises) involving progres-
sively increasing exercise difficulty by reducing the support 
surface and visual input, adding motor/cognitive tasks, and 
instability induction.42,43 We controlled each patient’s blood 
pressure and heart rate during each training session and 
documented vital parameters and training progress.

Outcome Measures

Feasibility. The primary endpoint “feasibility” was assessed 
by documenting exercise-related adverse events, reasons 
for missed sessions, and calculating training compliance in 
percentage (completed training sessions divided by planned 
training sessions).

Upper-Limb Function. All measurements of upper-limb func-
tion were assessed on the affected extremity, meaning the 
right or left upper extremity according to BC site.

Shoulder ROM was tested using a manual goniometer 
for active movements of abduction (standard value 180°), 
external rotation (standard value 40° to 60°), and hand-
behind-back position: this means the distance (cm) between 
the vertebra prominens (C7) and thumb tip when subjects 
reach upward and toward the midline to the highest verte-
bral level. For these assessments, patients stood in a neutral 
upright position with their feet shoulder-width apart. The 
same examiner performed pre- and post-ROM.

Maximum isometric hand grip strength (kg) was mea-
sured using a hand grip dynamometer (DigiMax S, DigiMax 
Systems, Hamm, Germany). Patients sat in a stable position 

with the shoulder in adduction, elbow at 90° flexion, and 
completed 3 trials each lasting 3 to 5 seconds with 60-sec-
ond rest between trials.44 The examiner provided verbal 
encouragement. The highest value among 3 trials was used 
for analysis.44

Symptoms of peripheral neuropathy were evaluated by 
determining the vibration sense on the first metacarpopha-
langeal joint via a Rydel-Seiffer tuning fork with a 
 graduating scale from 0 (no sensitivity) to 8 (highest 
sensitivity).

Functional Performance. All measurements were taken on a 
force plate (Leonardo Mechanograph GRFP, Novotec Med-
ical GmbH, Pforzheim, Germany), which determined 
dynamic ground reaction forces in its local and temporal 
progress.

The static balance assessment took place without shoes 
and during 3 different conditions to determine the center of 
force (COF) displacement in anterioposterior and mediolat-
eral direction: semi-tandem stance with eyes open (EO) and 
eyes closed (EC), and one-leg stance in EO condition. 
Patients were asked to stand upright and comfortably and 
direct their gaze onto a marked spot located at eye level on 
the wall. Sway path (mm) of COF was recorded over 30 
seconds with a sample rate of 800 Hz. The 3 trials’ mean 
value was used for analysis.

To evaluate the lower body’s muscle power, patients per-
formed a maximum counter-movement jump (CMJ) with 
freely moving arms and were instructed to jump as high as 
possible. Outcomes were defined as maximum power out-
put during take-off per kilogram body weight (P

max_jump
; W/

kg) and jumping height (cm). The best of 2 trials was used 
for analysis.

Data were analyzed using Leonardo Mechanography 
Research-Software (Novotec Medical GmbH, Pforzheim, 
Germany).

Cardiorespiratory Fitness. Cardiorespiratory fitness was 
determined by peak oxygen consumption (V̇O

2peak
),45 peak 

workload (P
max_CPET

; Watt), and performance at the individ-
ual anaerobic threshold (IAT; Watt) measured during the 
maximum cardiopulmonary exercise test (CPET)46 on an 
electronically braked cycle ergometer (Ergoline 900, Bitz, 
Germany) in recumbent position. The exercise protocol 
started at 20 Watts and workload increased stepwise by 10 
Watts every minute until exhaustion.40 Gas exchange and 
ventilation was continuously recorded via a breath-by-breath 
gas analysis system (Oxycon Delta, Jaeger, Hochberg, Ger-
many). V̇O

2peak
 was determined as the averaged values of 

the last 30 seconds of exercise. The electrocardiograms (ECG) 
were continuously recorded; blood pressure was measured 
every 3 minutes. Analyzing the lactate concentration per 
step enabled us to determine IAT via special software 
(Ergonizer, Freiburg, Germany).
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Fatigue. Estimating fatigue, the Multidimensional Fatigue 
Inventory (MFI) scored from 0 to 20 was used. This 20-item 
self-report instrument represents fatigue syndrome’s multi-
dimensionality by covering general, physical, and mental 
fatigue as well as reduced motivation and activity.47

Statistics

All variables were included in nonparametric analysis as 
the assumption of normal distribution (Shapiro-Wilk test) 
was not satisfied (Table 2). Differences between our 2 sub-
ject subpopulations at T0 (including age and body mass 
index) and T1 and differences of groups’ delta (T1-T0) were 
assessed by Mann-Whitney U test. Intragroup differences 
over time were computed by Wilcoxon signed-rank test. 
The level of significance was set to P < .05. Group data are 
presented as median and 95% confidence interval (CI). To 
estimate the effect of the treatment the point estimate and 
95% CI of the Hodges-Lehmann’s median differences for 
paired groups were used. Bivariate correlations between 
fatigue dimensions and cardiorespiratory fitness and upper-
limb function variables were calculated as Spearman ρ 
(Table 3). All statistical analyses were conducted using 
IBM SPSS Version 22 software (SPSS Inc, Chicago, IL).

Results

No adverse events were observed during the study period; 
one CG patient dropped out after T0 for personal reasons. 
All the IG patients completed the exercises according to the 
study protocol, and we observed excellent training compli-
ance (mean ± SD 98 ± 5%). We noted comparable baseline 
values in the IG and CG, except in the balance task, where 
IG patients performed better than the CG patients (Table 2). 
Note that the groups differed significantly in age (Table 1).

Fatigue

The MFI questionnaire revealed significant differences 
between the IG and in general fatigue-level changes (IG: 
−2.0 points, 95% CI −3.0 to −1.0, P = .049; CG: 0.5 points, 
95% CI −1.0 to 4.5, P = .395; delta: P = .008). Furthermore, 
IG patients significantly reduced their physical (−1.5 points, 
95% CI −3.0 to 0.0, P = .040) and mental fatigue level (4.2 
points, 95% CI −0.0 to 16.7, P = .023) during the interven-
tion (Figure 1A). The dimensions “reduced activity and 
motivation” were not affected.

Upper-Limb Function

IG patients’ shoulder mobility improved (Figure 1B), 
 meaning that ROM of abduction (11°; 95% CI 5 to 20,  
P = .012) and external rotation (5°, 95% CI 0 to 10, P = .026) 
increased significantly. The postintervention performance 

of hand-behind-back position revealed significant inter-
group differences (IG: 10.0 cm, 95% CI 8.5 to 14.0; CG: 
16.0 cm, 95% CI 11.8 to 18.8; P = .029). Correlations 
between changes in fatigue and shoulder ROM revealed a 
significantly negative correlation between the mental 
fatigue level and range of external rotation (r = −.485; P = 
.026).

Furthermore, the IG patients’ upper-limb strength 
improved descriptively, represented by isometric hand grip 
performance (1.6 kg, 95% CI −0.6 to 3.1, P = .050), while 
the CG exhibited no change. Changes in hand grip strength 
correlated negatively with changes in 3 dimensions of 
fatigue significantly: general (r = −.485; P = .026) and 
physical fatigue (r = −.594; P = .006) and reduced motiva-
tion (r = −.459; P = .036; Figure 2).

Additionally, IG preserved their vibration sense, while 
the CG patients’ sensation decreased significantly (−1.0 
points, 95% CI −1.5 to −0.5, P = .011), leading to a signifi-
cant group difference (P = .010; Figure 3). We noted a 
significantly negative correlation between changes in vibra-
tion sensation and general and physical fatigue (r = −.529; 
P = .016; r = −.449; P = .047, respectively).

Functional Performance

IG and CG started with significantly different balance 
values in both semitandem stance conditions at T0 (EO: 
P = .01; EC: P = .001) as IG revealed a shorter sway path. 
This difference persists at T1 (EO: P = .036; EC: P = .005). 
Both groups reduced their sway path in the one-leg condi-
tion at T1 (IG: −185 mm, 95% CI −409 to 15, P = .050; CG: 
−207 mm, 95% CI −412 to −4, P = .043). While the IG 
demonstrated no after-intervention change in both semitan-
dem stance conditions, the CG significantly reduced their 
sway path in the EC condition (−187 mm, 95% CI −301 to 
−14, P = .038).

Furthermore, the IG patients improved their lower body 
muscle power descriptively, represented by maximum jump 
height (1.6 cm, 95% CI −0.1 to 3.2, P = .050), while the 
CG’s jump height did not change leading to a significant 
difference in groups’ delta (P = .020). Pmax_jump revealed 
no intergroup or intragroup differences.

Cardiorespiratory Fitness

Sub-maximum values, that is, the performance at IAT, 
revealed no significant intergrou or intragroup differences, 
while groups’ delta of P

max_CPET
 (IG: 7 Watt, 95% CI −3 to 

15, P = .138; CG: −5 Watt, 95% CI −10 to 0, P = .080) dif-
fered significantly (P = .016); the V̇O

2peak 
induced no sig-

nificant intergroup or intragroup difference. We detected a 
significant negative correlation between the change in max-
imum-achieved performance and mental fatigue (r = −.489; P = 
.029) during the intervention period, meaning that an 
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Table 2. Outcome Parameters Pre (T0) and Post (T1) Intervention in the Intervention Group (IG, n = 11) and Control Group 
(CG, n = 10).a

T0, Median  
(95% CI)

T1, Median  
(95% CI)

Median Differenceb 
(95% CI) T1 − T0 P

Range of shoulder motion
 Abduction (°) IG 165 (134 to 169) 175 (148 to 180) 11 (5 to 20) .012
 CG 160 (135 to 169) 168 (139 to 178) 5 (0 to 15) .168
 P 1.000 .557 .132  
 External rotation (°) IG 55 (80 to 63) 60 (55 to 68) 5 (0 to 10) .026
 CG 60 (47 to 64) 52 (49 to 60) −1 (−8 to 6) .671
 P .654 .720 .051  
 Hand-behind-back position (cm)c IG 13.0 (10.2 to 15.3) 10.0 (8.5 to 14.0) −1.0 (−4.5 to 1.0) .200
 CG 14.5 (10.3 to 19.1) 16.0 (11.8 to 18.8) 0.5 (−0.5 to 2.0) .282
 P .605 .029 .132  
 Hand grip strength (kg) IG 26.2 (22.6 to 31.2) 28.6 (24.4 to 32.3) 1.6 (−0.6 to 3.1) .050
 CG 26.1 (23.7 to 29.4) 26.6 (23.5 to 30.1) 0.3 (−2.8 to 3.8) .799
 P 1.000 .654 .426  
 Vibration sense (scale 0-8) IG 7.0 (6.7 to 7.5) 7.0 (6.4 to 7.6) −0.13 (−0.5 to 0.3) .469
 CG 6.5 (5.4 to 7.3) 5.4 (4.3 to 6.5) −1.0 (−1.5 to −0.5) .011
 P .132 .060 .010  
COF displacement
 Semitandem EO (mm) IG 471 (427 to 569) 487 (433 to 542) −12 (−65 to 44) .594
 CG 644 (542 to 845) 565 (500 to 733) −70 (−180 to 17) .114
 P .010 .036 .251  
 Semitandem EC (mm) IG 859 (726 to 997) 805 (676 to 956) −22 (−152 to 45) .424
 CG 1259 (1055 to 2009) 1167 (984 to 1694) −187 (−301 to −14) .038
 P .001 .005 .046  
 One-leg stance EO (mm) IG 1172 (1038 to 1595) 1103 (931 to 1316) −185 (−409 to 15) .050
 CG 1591 (956 to 2008) 1382 (899 to 1644) −207 (−412 to −4) .043
 P .791 .659 .724  
Counter movement jump
 Jump height (cm) IG 22.3 (19.8 to 27.0) 26.7 (21.4 to 28.3) 1.6 (−0.1 to 3.2) .050
 CG 19.8 (15.8 to 26.1) 19.4 (15.3 to 25.1) −0.6 (−1.7 to 0.2) .114
 P .387 .990 .020  
 P

max_jump
 (Watt/kg) IG 27.25 (22.00 to 29.49) 27.92 (23.06 to 30.62) 0.44 (−0.59 to 1.31) .374

 CG 22.02 (16.51 to 29.02) 22.64 (17.79 to 26.55) −0.04 (−1.81 to 1.28) .878
 P .251 .132 .654  
Cardiorespiratory fitness
 VO

2peak
 (L/min) IG 1.53 (1.25 to 1.65) 1.40 (1.26 to 1.59) −0.04 (−0.18 to 0.10) .594

 CG 1.49 (1.06 to 1.84) 1.42 (1.06 to 1.85) 0.02 (−0.11 to 0.12) .859
 P .710 .882 .412  
 P

max_CPET
 (Watt) IG 100 (85 to 116) 110 (90 to 124) 7 (−3 to 15) .138

 CG 100 (64 to 125) 88 (58 to 121) −5 (−10 to 0) .080
 P .456 .112 .016  
 IAT (Watt) IG 70 (61 to 81) 72 (61 to 87) 2 (−5 to 7) .721
 CG 65 (50 to 94) 72 (49 to 102) 0 (−5 to 6) 1.000
 P .780 .717 .965  
MFI20 dimensions of fatigue (score max. 20)
 General fatigue IG 13.0 (9.1 to 14.1) 11.0 (7.1 to 13.3) −2.0 (−3.0 to −1.0) .049
 CG 9.5 (6.5−12.3) 12.0 (7.7 to 13.7) 0.5 (−1.0 to 4.5) .395
 P .132 .557 .008  
 Physical fatigue IG 12.0 (9.1 to 14.2) 10.0 (8.2 to 12.0) −1.5 (−3.0 to 0.0) .040
 CG 8.0 (6.2 to 12.0) 10.0 (8.2 to 11.9) 1.5 (−1.5 to 3.0) .292
 P .132 .863 .080  

(continued)
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increase in maximum performance is accompanied by a 
decrease in the mental fatigue level and vice versa. Other 
tested fatigue dimensions were associated with neither 
maximum nor submaximum CPET values.

Discussion

The aim of this pilot study was to assess the feasibility and 
effects of handheld vibration training in BC patients during 
radiotherapy and to evaluate further exercise effects of our 
intervention.

The excellent training compliance (98%) we observed 
with no adverse events confirms the feasibility and provides 
interesting results about handheld vibration training for BC 
patients’ upper limb function: it seems to improve shoulder 
mobility and hand grip strength and may inhibit the deterio-
ration of vibration sense during radiotherapy. Furthermore, 
our intervention possesses the potential to reduce the level 
of fatigue, while functional performance and cardiorespira-
tory fitness were less affected.

The IG’s upper-limb function improved on 3 levels. First, 
vibration exercises enhanced the affected limb’s shoulder 
mobility. Our results are thus in line with those of Tripp et al,21 
who reported improved glenohumeral internal rotation after 
acute handheld vibration at 15 Hz. Also, Ferguson et al22 
enhanced shoulder flexibility after upper-body exercises on a 
vibrating platform at a frequency of 30 Hz. Scarring after sur-
gery, pain-induced nonuse of the joint, and skin irritation dur-
ing radiotherapy often restrict shoulder ROM.11 Thus, the 
shoulder joint benefits merely from using the surrounding 
muscles becoming re-accustomed to such movements. 
Vibration within 8 to 12 Hz may relax muscle tension and 
loosen scarred adhesions due to the wobbling. Furthermore, 
reports about vibration-induced (25-44 Hz) lower-body flexi-
bility propose that enhanced ROM after vibration exposure 
may be attributable to mechanisms based on a thermoregula-
tory effect, increased pain threshold, Golgi tendon organ exci-
tation, and antagonist inhibition.48-50 As the antagonistic 
co-contraction of arm muscles is described to proportionally 
increase with rising vibration frequency (18-42 Hz),51 we 

Table 3. Correlation Coefficients of Changes in Dimensions of Fatigue and Changes in Cardiorespiratory Fitness and Upper Limp 
Function.a

Δ MFI20 Dimensions 
of Fatigue  
(Score Max. 20)

Δ P
max_CPET

 
(Watt)

Δ V̇O
2peak

 
(mL/min)

Δ IAT 
(Watt)

Δ Abduction 
(°)

Δ External 
Rotation (°)

Δ Hand 
Behind Back 
Position (cm)

Δ Hand Grip 
Strength 

(kg)

Δ Vibration 
Sense 

(Scale 0-8)

General fatigue −.191 .019 .091 −.311 .019 −.132 −.501* −.529*
Physical fatigue −.289 .251 .409 .020 −.298 .340 −.594** −.449*
Reduced activity .076 .329 .014 .130 −.104 −.115 −.401 −.355
Reduced motivation −.179 .096 .376 −.077 −.218 .042 −.459* −.101
Mental fatigue −.489* .250 −.220 .223 −.485* .357 −.012 −.420

Abbreviations: Δ, T1 − T0; MFI20, Multidimensional Fatigue Inventory; P
max_CPET

, maximum workload during cardiopulmonary exercise test; V̇O
2peak

, 
peak oxygen consumption; IAT, individual anaerobic threshold.
aSignificant results are highlighted in boldface **P = .01. *P = .05.

T0, Median  
(95% CI)

T1, Median  
(95% CI)

Median Differenceb 
(95% CI) T1 − T0 P

 Reduced activity IG 12.0 (8.9 to 13.5) 11.0 (7.9 to 13.7) −0.5 (−3.0 to 2.0) .677
 CG 10.5 (7.3 to 13.0) 11.0 (8.0 to 12.6) 0.0 (1.0 to 1.5) .762
 P .756 .973 .670  
 Reduced motivation IG 10.0 (7.7 to 11.2) 8.0 (5.6 to 10.2) −1.3 (−3.5 to 0.5) .106
 CG 7.5 (5.8 to 10.6) 8.5 (7.2 to 11.6) 1.5 (−0.5 to 3.0) .073
 P .468 .314 .183  
 Mental fatigue IG 11.0 (8.1 to 13.3) 9.0 (6.6 to 10.5) 4.2 (−0.0 to 16.7) .023
 CG 7.5 (5.5 to 10.3) 8.0 (6.2 to 10.6) 8.3 (−4.2 to 20.8) .435
 P .099 .973 .086  

Abbreviations: CI, confidence interval; COF, center of force; EO, eyes open; EC, eyes closed; P
max_jump

, maximum power output during 
countermovement jump; P

max_CPET
, maximum workload during cardiopulmonary exercise test; V̇O

2peak
, peak oxygen consumption; IAT, individual 

anaerobic threshold; MFI20, Multidimensional Fatigue Inventory.
aSignificant results are highlighted in boldface P < .05.
bPrescribes the treatment effect by point estimation and 95% confidence interval of the Hodges-Lehmann’s median differences for paired groups.
cLower value means a higher range of motion.

Table 2. (continued)
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Figure 1. Distribution of changes from T0 to T1 of (A) the MFI20 dimension of fatigue and (B) range of shoulder motion of affected 
upper limb in IG and CG. Box-and-whisker plots showing the lower quartile (25th percentile), median (50th percentile), upper quartile 
(75th percentile), and degree of dispersion as 95% confidence interval (95% CI). *Indicates a significant difference (*P < .05).

Figure 2. The scatterplot graphically represents the 
relationship between changes (Δ) of hand grip strength in kg (x-
axis) versus changes (Δ) of 3 MFI20 dimensions of fatigue (y-axis) 
of IG and CG from T0 to T1. *Indicates a significant correlation 
(*P < .05).

Figure 3. Distribution of IG’s and CG’s vibration sense at T0 
and T1. Y-axis presents graduating scale from 0 (no sensitivity) 
to 8 (highest sensitivity) of tuning fork. Box-and-whisker plots 
showing the lower quartile (25th percentile), median (50th 
percentile), the upper quartile (75th percentile), and degree 
of dispersion as 95% confidence interval (95% CI). *Indicates a 
significant difference (*P < .05).

assume that primarily our vibration exercises ≤22 Hz caused 
neuromuscular-induced flexibility gains.

WBV in general is known to cause elevated EMG activa-
tion by increasing vibration frequency and thus not only 
lead to acute antagonistic co-contraction that operates as a 
safety strategy for joint stabilization52-54 but also results in 
greater strength.24 Increased EMG activity via superim-
posed vibration during exercise was also found for arm 
muscles54,55 and seems to be muscle-tension dependent.54 
This indicates that vibration considerably affects strength 
when superimposed on exercises while adding an additional 
load.54 We thus observed strength improvement as a sec-
ondary aspect of our intervention’s impact on upper-limb 

function. We assume that especially the active resistance 
part (22-30 Hz) of the vibration exercises led to increased 
muscle strength, as patients performed strengthening exer-
cises with a vibrating dumbbell weighing 2.6 kg. The dumb-
bell’s weight may seem marginal, but considering patients’ 
impairments, we observed the need for a pulley system to 
reduce the dumbbell’s weight and ensure correct exercise 
execution. Our results are in line with Xu et al,56 who 
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showed improved strength in elbow flexors after 9 weeks of 
vibration training at 30 Hz twice a week. WBV is generally 
known to improve neuromuscular performance and strength 
due to neural adaptations comparable to effects from con-
ventional resistance training.24

The third aspect of the exercise effect on upper-limb 
function is represented by preventing the vibration sense 
from deteriorating in the affected upper limb. While the 
CG’s vibration sense decreased significantly, the IG’s 
remained consistent. There are indications that an exercise-
induced increase in blood flow enhances the overall rate of 
metabolism, which is associated with a higher level of neu-
rotrophic factors57,58 that may influence sensory function. It 
is common knowledge that endurance training leads to car-
diovascular adaptations, but vibration exercises are also 
known to acutely increase blood flow.59 Furthermore, vibra-
tion training, that is, WBV, directly affects the nervous sys-
tem by inhibiting spinal reflex excitability.59 Upper-limb 
vibration training also possesses the potential to stimulate 
the somatosensory system, as there are indications of 
improved elbow and wrist joint position sense after hand-
held vibration.19,20 We therefore assume that especially the 
handheld vibration training induced adaptive processes that 
might have prevented a radiotherapy-caused decline in IG’s 
sensory function as in our CG.

Functional performance may represent a key indepen-
dent variable for cancer survivors, since functional impair-
ments are associated with shorter survival.60 In our study, 
balance exercises led to improved functional performance, 
represented by increased jump height. There is ample evi-
dence that balance training leads to neurophysiological 
adaptations resulting in a greater rate of force development 
relevant to jumping performance.61-63 Due to the balance 
tasks, our IG exhibited overall a significantly shorter sway 
path, both pre- and postintervention, compared to CG asso-
ciated with a better balance control.64 Although the CG 
improved over time and even with no intervention, they 
remained below the IG’s level. Both groups reduced their 
sway path during the one-leg stance. We assume that the IG 
found the semitandem stance conditions too easy to trigger 
adaptations after exercising, while the CG may have exhib-
ited a familiarization effect with the assessments. Overall, 
the IG demonstrated a better functional performance than 
the CG, probably due to their younger age and their stronger 
preference for a physically-active intervention, as we had 
not randomized the groups’ allocation.

In line with other exercise intervention studies during radio-
therapy, ours reduced the level of fatigue significantly.28-31,43 
Fatigue is a multidimensional phenomenon65 and its under-
lying mechanisms have not been clarified conclusively.66 
However, specific interventions can influence fatigue, for 
example, exercising67; exercising may trigger changes in 
inflammatory processes and of course improve cardiorespi-
ratory fitness.66 Although many studies have addressed the 

effect of mainly endurance exercise on fatigue, few investi-
gated the correlation between the change in fatigue levels 
and endurance capacity.67 A Cochrane review identified 2 
studies whose authors detected a correlation and 3 studies 
reporting no association.67 We observed only a reduction in 
mental fatigue in our study, along with changes in maxi-
mum workload. One might assume that patients with a low 
mental fatigue level would be quite willing to exhaust them-
selves. We detected only a marginal overall effect on car-
diorespiratory fitness, possibly due to the endurance 
exercise intensity. Other interventions provide a daily pro-
gram up to 30 minutes31 or a longer exercise period (12 
weeks).68 We assume that our intervention’s endurance part 
was too moderate to generate cardiorespiratory adaptations 
and therefore too weak to affect all the fatigue dimensions. 
Furthermore, we detected a correlation between upper-limb 
function, especially hand grip strength and fatigue. In their 
review, Brown et al4 conclude that moderate resistance 
exercises appear more effective in reducing fatigue than 
low intensive endurance training. This concurs with our 
results where improved upper-limb function is accompa-
nied by a reduction in the fatigue level. This is an important 
finding, as Smets et al69 found that the degree of post-radia-
tion functional disability represented a relevant predictor of 
fatigue. Also, Cantarero-Villanueva et al70 reported a nega-
tive relationship between handgrip strength and fatigue in 
BC survivors. However, we cannot exclude a psychosocial 
effect on fatigue due to the passive control group’s having 
had no social contact with the sports scientists.43 In general, 
supervised interventions during BC treatment have proven 
to be more efficient than home-based programs in terms of 
fatigue71 and also in terms of upper-limb dysfunction.6 
Furthermore, supervision is said to ensure a greater 
adherence,9 underlined by our excellent training compliance.

We conclude that our exercise intervention was feasible 
since we observed no adverse events and excellent compli-
ance. Additionally, this pilot study may inspire further 
investigations, as it yields novel findings about exercising 
during the radiotherapy of BC patients: The present inter-
vention program reduced the fatigue level, and interestingly 
demonstrated a considerable effect on upper-limb function 
in terms of improved shoulder ROM, hand grip strength, 
and sensory function possibly due to vibration-induced neu-
romuscular adaptations. Thus, our pilot study may provide 
the basis for randomized controlled trials to confirm these 
promising results.
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