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Sensorimotor training and whole-body vibration training
have the potential to reduce motor and sensory symptoms
of chemotherapy-induced peripheral neuropathy—a randomized
controlled pilot trial

Fiona Streckmann1,2,3
& H.C. Lehmann4

& M. Balke4
& A. Schenk1 & M. Oberste1

& A. Heller1 & A. Schürhörster1 &

T. Elter5 & W. Bloch1
& F.T. Baumann5

Received: 15 May 2018 /Accepted: 23 October 2018 /Published online: 31 October 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Chemotherapy-induced peripheral neuropathy (CIPN) is a prevalent and clinically relevant side effect of chemotherapy. The
symptoms diminish patients’ quality of life and represent a decisive limiting factor for medical therapy. To date, effective
treatment options are lacking. Specific exercise interventions have proven promising to target relevant symptoms. We conducted
a prospective, four-armed, randomized, controlled trial, to evaluate the effects of sensorimotor training (SMT) and whole-body
vibration training (WBV) on patients with CIPN. Participants (N = 40) were randomized to either one of two intervention groups
(SMTN = 10 orWBV N = 10) or oncological control group (N = 10) and matched by gender and age with a healthy control (N =
10). The intervention groups exercised twice a week for 6 weeks. Primary endpoint was the reduction of CIPN-related symptoms
(improve peripheral deep sensitivity, Achilles tendon reflex (ASR) and patellar tendon reflex (PSR), light-touch perception, sense
of position, and lower leg strength). Secondary endpoints were nerve conduction velocity and amplitude, balance control, quality
of life, and CIPN-related pain. Patients exercising improved sensory and associated motor symptoms. Significant intergroup
differences were found for the tendon reflexes (ASR P = .017 and PSR P = .020), peripheral deep sensitivity (P = .010), and pain
(P = .043). Furthermore, tendencies were found regarding the subjective improvement of symptoms (P = .075) and two subscales
of the EORTC-QLQ-C30 questionnaire: pain (P = .054) and dyspnea (P = .054). The results for the SMT group were superior
regarding the tendon reflexes, and a tendency regarding the subjective report of symptoms, while WBV was superior regarding

Relevance/Novelty of manuscript
Chemotherapy-induced peripheral neuropathy (CIPN) is a highly preva-
lent and clinically relevant side effect of chemotherapy. The symptoms
severely diminish patients’ quality of life and represent a decisive limiting
factor for medical therapy, consequently affecting the clinical outcome.
To date, effective treatment options are lacking. Specific exercise inter-
ventions have now proven promising to reduce sensory symptoms of
CIPN, revealing a high potential as treatment option, thus impacting
supportive therapy in oncology.
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pain. SMT and WBV behold a large potential to reduce CIPN-related symptoms and can be considered feasible and safe for
patients with CIPN (compliance 97.5%, no adverse events).

Registration: DRKS00013027

Keywords Symptom reduction . Neuropathy . Chemotherapy-induced peripheral neuropathy . Exercise intervention . Physical
activity

Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a
highly prevalent and clinically relevant side effect of cancer
treatment. According to a recent review, 68.1% of patients
suffer from CIPN by the first month after completion of che-
motherapy [1].

CIPN is induced by neurotoxic agents (e.g., platinum de-
rivatives, vinca alkaloids, taxanes) [2]. Peripheral nerves are
especially sensitive to these toxins. Damage caused to these
fibers leads to various sensory and motor dysfunctions such as
loss of sensation, apparent as numbness, tingling or burning,
dysesthesia, reduced or absent Achilles tendon reflexes [3, 4],
pain, and loss of balance control [5], leading to unstable gait,
as well as an increased incidence of accidents and falls [6, 7].
Not only do patients have to deal with the debilitating side
effects, but CIPN has become a decisive limiting factor for
medical therapy, causing treatment delays, dose reductions, or
even discontinuation of therapy, affecting the outcome and
compromise survival [8]. To date, there is no agreement for
the treatment of CIPN, as evidence for the effectiveness of
currently circulating supportive measures such as vitamin E
or high-dose vitamin B [9], electrolyte infusions (Ca/Mg), or
electrotherapy in patients with neuropathies is lacking. Even
neuroprotective treatments such as amifostine, nerve growth
factors, or corticosteroids are not well evaluated or failed to
demonstrate beneficial effects in clinical trials [2]. To the con-
trary, many have additional negative side effects [2]. In this
line, the latest guidelines from the ASCO even suggest to
refrain from CIPN-preventive medication [10]. Solely, pain
can be targeted to some extent with duloxetine [10].

Promising results have recently been achieved with specif-
ic exercise interventions. In a first clinical trial by Streckmann
et al. [11], an exercise intervention consisting of endurance,
strength, and sensorimotor training (SMT) was conducted
twice a week for 36 weeks, accompanying lymphoma patients
from diagnosis to completion of treatment. The study revealed
a significant reduction of neuropathic symptoms. Patients
exercising were able to reduce CIPN-related symptoms (e.g.,
peripheral deep sensitivity) by 87%, while in the control
group, no change (0%) was detected. After 36 weeks, 55%
of the control group still had symptoms related to CIPN com-
pared to 4% in the intervention group. Further, Streckmann
et al. conducted a systematic review [12], evaluating all

exercise intervention studies for neuropathic patients, inde-
pendent of the derivation. It was found that for toxically in-
duced neuropathies such as CIPN, balance exercises were
most beneficial for motor as well as sensory symptoms.
Studies with strength training alone or in combination with
endurance showed little to no improvements. This strength-
ened the presumption that SMT plays a decisive role as studies
in healthy adults have revealed that SMT is characterized by
functional adaptations of the neuromuscular system [13], re-
generation of neuromuscular structures [14], and the dimin-
ished prevalence of injuries [15], leading to improved propri-
oception [13], intramuscular coordination, and balance con-
trol; causing fewer falls [16]; and increasing mobility. It there-
fore has the potential to counteract some relevant side effects
of PNP. In line with this hypothesis, Schwenk et al. [17] per-
formed a sensor-based balance training with N = 22 older
CIPN patients and were able to show motor improvements
(balance: sway of hip, ankle, and center of mass). Thus, the
type of exercise is essential and training parameters also play a
role as the neuromuscular system adapts specifically and pro-
gressively to the initial training volume and the applied train-
ing intensity. Within this study, we therefore isolated SMT in
order to investigate its effects on the relevant symptoms of
CIPN.

Targeting similar mechanisms as SMT, we also considered
whole-body vibration [WBV] as a further potential training
modality. Previous studies investigating WBV have shown a
positive impact on parameters which can be affected by neu-
ropathies: It has been shown that the elderly improve their gait
[18] and that WBV has a positive impact on pain reduction
[19] and deconditioned skeletal muscle [20], improved iso-
metric strength [19], improved postural sway [21], and re-
duced fall frequency [22]. In a recent study by Schönsteiner
et al. [23],N = 131 CIPN patients benefited from amultimodal
exercise program containing WBV. Patients experienced less
symptoms and pain (P < .001) and improved in the chair-rise
test. In order to investigate the properties of WBV for CIPN
patients, it is essential to solely investigate WBV as well as
focus on targeting the sensory symptoms.

SMT and WBV require very little time and effort, but po-
tentially have high impact. Especially for cancer patients, this
aspect plays an important role, as patients are usually severely
compromised after completion of medical therapy. We there-
fore conducted a randomized, controlled, pilot study assessing
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cancer patients with neurologically confirmed CIPN who
were randomized to either SMT (N = 10) or WBV (N = 10)
or a control group with no intervention (N = 10) and matched
by age and gender with a healthy control (N = 10).

Patients and methods

Our prospective, single-center, four-armed RCTwas approved
by the ethics committee of the German Sport University. All
patients gave written informed consent in accordance with the
Declaration of Helsinki.

Patient characteristics

Fifty-seven patients in the aftercare of the University Hospital
of Cologne, aged ≥ 18 years and self-reported symptoms of
CIPN (since 1–5 years), reacted to the advertisements and
were screened for exclusion criteria: peripheral neuropathy
of other der ivat ion, cont ra indica t ions for WBV
(osteosynthesis, unstable osteolysis, fracture of the lower ex-
tremity in the past 2 years, foot ulcers, acute thrombosis).
Fifty-two primarily eligible patients underwent neurophysio-
logical assessment to neurologically confirm the CIPN (nerve
conduction velocity < 40 m/s, amplitude < 5 mV/μV: sural
nerve/tibial nerve). Thirty eligible patients were randomized
into either one of the intervention groups (SMT or WBV) or
the control group. Due to neurophysiological deterioration
from 60 years onward, and lacking references, an age- and
gender-matched healthy control group (N = 10) was also re-
cruited. All patients were recruited from the oncological train-
ing site in the University Hospital of Cologne. They had pre-
viously performed endurance and strength training (standard-
ized protocol, equipment-based circuit, twice a week for
45 min at moderate intensity) for the past 6 months to 2 years
with no self-reported effect on the neuropathy.

Training interventions

Trainingwas performed for 6 weeks, twice a week, supervised
by a qualified and trained personnel.

Sensorimotor training consisted of progressively more dif-
ficult balance exercises on progressively unstable surfaces.
Each patient performed four exercises per session following
a standardized protocol. Each exercise was performed three
times for 20 s, with a rest of 40 s between each set and 1 min
between each exercise, to avoid neuronal fatigue.

Vibration training was performed on a side-alternating vi-
bration platform (Milbration, Milon™). Each training session
consisted of four progressing sets of 30-s to 1-min vibration
exercises, with a frequency from 18 to 35 Hz and amplitude of
2–4mm. One-minute rest was kept between exercises to avoid
neuronal fatigue. Patients were asked to stand on the platform

in tight anti-slip socks or gymnastic shoes with thin soles on
their forefoot (or if too unstable, with an 80/20% distribution).

Measurements

All assessments were carried out by blinded, qualified exam-
iners, twice: pre (T0) and post (T1) the 6-week intervention.

Since CIPN comprises an entire symptom pattern, it is not
possible to assess it with only one objective parameter. The
primary endpoint of the study was therefore the standardized
clinical test battery, for the objective assessment of CIPN-
induced symptoms. It contains five parameters:

1. Achilles and patella tendon reflexes were assessed sym-
metrically with a reflex hammer and rated on a 3-point
scale (1 = agile, 2 = weak, 3 =missing).

2. Peripheral deep sensitivity was evaluated with a Rydel-
Seiffer tuning fork (128 Hz) on a graduating scale from 0
(no sensitivity) to 8 (highest sensitivity). Pathological
values are 0–5 for patients < 60 years and 0–4 for patients
≥ 60 years [24]. The measurement was carried out bilat-
erally, at the first and fifth toes and the malleolus medialis.

3. Light-touch perception was investigated by symmetrical-
ly stroking the outsides of the patients’ legs and feet in
order to detect reduced or altered sensation (symmetrical
or impaired) [25].

4. Sense of position was determined by the investigator
changing the position of the first toe while the patient
remained with eyes closed. The examiner classified the
perception to 1 = position recognized, 2 = only position of
knee recognized, and 3 = no recognition.

5. Lower leg strength (knee extension and ankle
dorsiflexion) was assessed by requesting the patient to
actively move their legs against the resistance of the ex-
aminer’s arm. The examiner then graded the strength on a
6-point scale (0 = no activity to 5 = normal force).

Secondary endpoints

Patient-reported reduction of CIPN-related symptoms In ac-
cordance with related pharmaceutical studies, we assessed the
patient-reported outcome for neuropathic symptoms with the
FACT GOG-Ntx. This questionnaire has been validated and
contains 11 items assessing the extent of PNP symptoms—
from Bnot at all^ to Bvery much^ [22].

Nerve conduction velocity and amplitudeWe further assessed
compound muscle action potentials (CMAP), distal motor la-
tency, and conduction velocity from the tibial nerve. The tibial
nerve was stimulated at the ankle and popliteal fosse.
Antidromic sensory nerve conduction studies were performed
in the sural nerve. Sensory nerve action potentials (SNAPs)
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were recorded from the lateral malleolus with surface elec-
trodes. Skin temperature was monitored andmaintained above
32 °C.

Balance control was assessed on a force plate
(Leonardo, Novotec, Pforzheim, Germany). Each stance
(mono- and bipedal) was performed three times for 20 s
with a 20-s rest between exercises. The cumulative sway
path (cm) of all sets was averaged to minimize any learn-
ing effect. Measurements were regarded as failed attempts,
whenever patients needed support to maintain balance.
These were also assessed.

Questionnaires

Health-related quality of life was assessed via the EORTC-
QLQ-C30 questionnaire. In addition to a scale for Bglobal
quality of life,^ the questionnaire contains five functional
scales (physical, emotional, social, and cognitive functions,
and role function), three symptoms scales (fatigue, pain, nau-
sea/vomiting), and single-item scales of respiratory distress,
insomnia, loss of appetite, constipation, diarrhea, and financial
problems. The questionnaire is internationally regarded as re-
liable [26].

Neuropathic pain was evaluated with the Pain-DETECT, a
validated questionnaire which consists of 12 questions regard-
ing the intensity, progression, and distribution of neuropathic
pain. The questions are answered on a Likert scale ranging
from Bnot at all^ to Bvery much,^which accumulates in a total
score reflecting the neuropathic pain status [27].

Sample size

Sample size calculation was conducted for potential interac-
tion between-subjects factor group and within-subjects factor
time-point indicating different changes over time between
groups. An effect of f = .3 which corresponds to a medium
effect following Cohen’s classification [28] was used for this
study’s sample size calculation. Type II error rate (β) was set at
β = .2 and, accordingly, test power as 1 − β was set at .8. Type
I error rate and level of significance level (α), respectively,
were set at α = .05. Under the presuppositions made, sample
size calculation revealed that 30 participants should be includ-
ed in the study equally distributed to the three groups.

Randomization

Randomization was performed by an independent, blinded
person using an adaptive biased-coin randomization method
(urn randomization) (e.g., [29]).

Statistical analysis

Potential baseline differences between treatment groups were
investigated using separate one-way analyses of variance
(ANOVAs). Parametric statistical models’ assumption of nor-
mality was explored for all variables through histograms and
normality plots and confirmed with Kolmogorov-Smirnov
tests. ANOVA assumption of homogenous variances for
between-subjects factor levels was tested using Levene test
and, in the case of inhomogeneous variances, F-test was ad-
justed using Brown-Forsythe F (FBF). Partial eta-square (η

2
p)

values are reported as effect size estimates. Potential baseline
differences regarding distribution of gender were investigated
using separate Fisher’s exact tests.

To determine the effect of treatment on dependent
measures, pre- to post-assessment difference values (delta
values) were calculated at first. Delta values were always
calculated by subtracting baseline values from post-
assessment values. Accordingly, delta values represent
mean of change in participants’ values from t0 to t1. To
look for statistically significant differences in changes
from t0 to t1 between groups for dependent measures,
separate ANOVAs were applied. Assumptions were test-
ed as stated above and violation of homogeneity of var-
iances between-subjects factor levels was corrected using
FBF.

In the case of significant symptomatic improvements from
t0 to t1 in the sensorimotor/vibration group compared to the
oncologic control group, training group patients’ data at t1 was
compared to data of the healthy control group to look for still
persisting differences in symptoms compared to a healthy
norm.

For all inferential statistical analyses, significance was de-
fined as P value less than .05. All descriptive and inferential
statistical analyses were conducted using SPSS 22® (IBM®,
Armonk, NY, USA). Two-tailed probability tests were used
throughout all inferential statistical testing. Test power calcu-
lations were conducted using free of charge available statisti-
cal test power computation software GPower 3 [30].

Results

Overall, 30 patients and 10 age- and gender-matched healthy
controls were assessed (N = 40). Patient characteristics at
baseline (Table 1) revealed no significant intergroup differ-
ences (P = .851) (Table 2 in ESM).

Average compliance for all time points and interventions
was 97.5%. We had one dropout in the control group due to
progress of the disease, making in-hospital treatment neces-
sary. No adverse events occurred.
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Primary endpoint

A significant intergroup difference was detected for the (a)
Achilles tendon reflex F(2,26) = 4.791; (b) the patellar tendon
reflex F(2,25) = 4.564, P = .020, P = .017; and (c) peripheral
deep sensitivity (malleolus medialis) F(2,25) = 5.548,
P = .010 (Fig. 1).

Secondary endpoints

We found significant intergroup changes in the Pain-DETECT
score F(2,25) = 3.575, P = .043 as well as tendencies regard-
ing the subjective improvement of symptoms (FACT)
F(2,26) = 2.874, P = .075 as well as in two subscales of the
EORTC-QLQ-C30 questionnaire: pain score (EORTC-QLQ-
C30) F(2,25) = 3.278, P = .054 and dyspnoea score (EORTC-
QLQ-C30) F(2,25) = 3.294, P = .054.

Taking a look at the two interventions separately

In comparison to the CG and the respective second interven-
tion, we found that the SMT group showed significantly
higher effects regarding the improvement of the patella tendon

reflexes (SMT vs CG P = .020, d = 1.514) and Achilles tendon
reflex (SMT vs CG P = .042, d = 0.978/SMT vs WBV
P = .036, d = 0.978) as well as a tendency regarding the sub-
jective improvement of neuropathic symptoms (FACT score)
(SMT vs CG P = .096, d = 1.079), while we found a tendency
for the WBV group regarding the subscale of the EORTC-
QLQ-C30 for pain (WBV vs CG, P = .056, d = 0.955) and
the Pain-DETECT (WBV vs CG, P = .076, d = 0.938). The
CG had one failed attempt more on average in balance exer-
cises than the intervention groups.

In comparison to age- and gender-matched healthy
adults (HG)

CIPN patients differed significantly in peripheral deep sensi-
tivity (P = .007), pain (P = .004), and the tendon reflexes
(P = .033) in comparison to age- and gender-matched healthy
controls at baseline, though not at T1. They were therefore
able to reach a Bnormal value^ for their age group after the
intervention, in comparison to the oncological CG.

No significant differences were found for all other param-
eters (nerve conduction velocity or amplitude (N. tibialis/N.
suralis) perception of touch, sense of position, balance control,

Table 1 Patients’ baseline
characteristics SMT (N = 10) WBV (N = 10) CG (N = 10) HCG (N = 10)

Average age, years (range) 56 (47–74) 59 (51–69) 59 (49–70) 57 (47–68)

Male/female 4/6 2/8 3/7 4/6

Diagnosis (N)

Mamma-CA 4 4 4 0

Ovarial-CA 2 1 0

Adeno-CA 1 1 1 0

Colon-CA 1 1 0

Pancreatic-CA 1 0

T cell NHL 1 0

M. Hodgkin 2 0

Plasmocytoma 1 1 0

Multiple myeloma 1 0

Rectal-CA 1 1 0

Lung-CA 1 0

Neurotoxic agent (N)

Taxane 6 5 4 0

Platinum derivate 5 2 4 0

Vinca alkaloid 1 1 2 0

Duration of CIPN, y (range) 2 (1–5) 2 (1–5) 2 (1–5) 0

Incidence of CIPN after cycles of chemo
cycle (range)

3 (1–8) 3 (1–10) 3 (1–10) 0

Taxane 4 (1–8) 4.5 (2–10) 2 (2–3) 0

Platinum derivate 1.5 (1–2) 1 (1) 3.5 (1–10) 0

Vinca alkaloid 3 (3) 3.5 (3–4) 3 (3) 0

Therapy reduced or terminated due to
CIPN (N/out of N)

3 (10) 3 (10) 3 (10) 0
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and the other subscales of the EORTC-QLQ-C30
questionnaire).

Discussion

Consistent with our hypothesis, patients experienced improve-
ments in sensory and associated motor symptoms, which is
promising as it could behold a treatment option. Especially the
sensory symptoms, such as loss of sensibility, absent reflexes,
or pain for instance, are clinically highly relevant. They are
not only debilitating but also responsible for treatment alter-
ations. To date, they have neither been targeted by pharmaco-
logical nor by other supportive measures, besides our previous
RCT in lymphoma patients.

In line with these findings, the properties of SMT and the
hypothesis generated from a systematic review: that balance
exercises seem crucial to target motor and sensory symptoms
of CIPN, our hypothesis is confirmed. SMT has the potential
to improve symptoms of CIPN. Additionally, WBV also has
the potential to target symptoms of CIPN.

Interestingly though, both interventions seem to behold
different sensory qualities, targeting slightly different symp-
toms. WBVappears to target the more superficial nerves such
as pain receptors for instance, while SMT appears to activate
deeper structures. It seems necessary to challenge the body to
maintain or reactivate neuromuscular functions such as sensi-
tivity, light-touch perception, or reflexes, in the sense that the
body in its complexity will only regard as essential and worth
maintaining what is stimulated sufficiently. This may also ex-
plain why supportive measures that do not activate those
structures may not have the desired effect. Possibly, we will
even have to differ as to which sensory qualities we wish to
address and in future also investigate the potential of combin-
ing both interventions.

Although associated motor symptoms such as balance or
leg power are also very debilitating, they are rarely the cause
for treatment alterations. Winters-Stone et al. [7], for instance,
showed that CIPN had a functional impact on cancer

survivors’ gait (slower and shorter steps), causedmore disabil-
ity and a 1.8 times higher risk of falling.

Associated dysfunctions such as absent tendon reflexes,
impaired dorsiflexion, and loss of sensitivity are crucial pa-
rameters for balance and gait. Therefore, the improvement of
these parameters could potentially contribute to reduce dis-
ability and falls.

The underlying mechanisms must still be elucidated. One
possibility could lie in the regenerative effect of SMTon nerve
fibers. A further possibility is attributed to the nervous sys-
tem’s plasticity: (i) an increase in the density of receptors, (ii)
activating deafferented neurons [31] by increasing the metab-
olism, (iii) lowering the threshold for excitability [32], or (iv)
inducing supraspinal learning effects [33]. Due to the short
time period between intervention and observed improvement,
learning effects mediated by neurotransmitter activation/ mod-
ulation appear to be a particular likely explanation as under-
lying mechanism.

WBV presumably exerts mechanostimulation in the pe-
riphery, targeting the axon terminals and inducing the release
of local mediators in the peripheral tissue that can influence
the receptors/stimulating the nerve endings in the periphery.

Our finding that SMT alters stretch reflex responses and
peripheral deep sensitivity can be explained by regeneration
of muscle spindles, sensory afferents (Ia, Ib), or both.
Preclinical models have demonstrated that physical exercise
can prevent degeneration and improve nerve regeneration in
animals which is associated with increased release of
neurotrophins [34, 35].

We can furthermore confirm that both interventions can be
considered feasible and safe for patients with CIPN.

Regarding the other secondary endpoints, possibly, the in-
tervention was not long enough or the assessments not sensi-
tive enough to detect changes in such short time. Alterations to
the nerve, apparent in nerve conduction studies for instance,
may require more time. Analyzing the screening procedure,
52 patients were primarily eligible and had self-reported
symptoms, though only 30 proved eligible after electrophysi-
ology, it is questionable whether this state of the art

Fig. 1 Intergroup results of the Achilles tendon reflex (ASR) (a), the
patella tendon reflex (PSR) (b), and peripheral deep sensitivity (c).
Diagrams show boxes of the 25th to 75th percentile with whiskers from

minimum to maximum. Horizontal line marks the median and means are
indicated as B+.^ Significances are given as *P = .050–.010, **P = .009–
.001, and ***P < .001
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assessment method, is the most appropriate. Possibly first
symptoms of CIPN are on accord of small-fiber neuropathies,
not detectable by standard electrodiagnostic. Potential chang-
es on this level due to the exercises may then also remain
undiscovered. In this case, we may need alternative assess-
ment methods and it may possibly be sufficient to solely use
the short clinical test battery for short, low-intensity exercise
interventions such as this one, in order to reduce assessment
time for patients.

Furthermore, we saw a tendency for the subjective report of
CIPN-related symptoms. We assume it did not reach signifi-
cance due to the sample size as we also evaluated a visual
analogue scale, asking patients on a scale from 0 (worst de-
cline) to 10 (highest possible improvement), whether they felt
the exercises had helped them and their symptoms had im-
proved. All patients, except for one from the WBV group,
indicated an improvement (5 to 8.2 and an average of 6.66).
In the SMT group, the average improvement was 6.75 (range
5–8.2) and in the WBV group 6.53 (range 2.4–8.1).

The strength of our trial includes being the first RCT inves-
tigating specific exercise interventions for patients with CIPN
of diverse entities that are feasible and show a meaningful
outcome, also on sensory symptoms of CIPN. Furthermore,
regarding the translation into practice and daily life, they are
feasible with low intensity though high impact, ideal for on-
cological patients in all phases of therapy. Potentially, we have
found a feasible treatment option for CIPN, though larger
RCT studies and further reference values are necessary to
verify this.

This study also has limitations. Due to the small sample
size in each group, individuals weigh higher and achieving
statistically significant results is more difficult. Furthermore,
study design was challenging as tasks had to be feasible for
patients exhibiting very different performance levels.
Regarding the balance exercises for instance, this resulted in
additional failed attempts rather than high sway paths. Though
the endurance and strength training all patients had previously
performed was equipment based and followed a standardized
protocol, a potential contributing effect cannot be outruled.
The assessment of neuropathic pain with the Pain-DETECT
questionnaire also proved difficult, as patients often do not
experience the discomfort as pain, resulting in missing data.
Furthermore, even though patients were told the questionnaire
was solely related to their CIPN, we found that some never-
theless indicated pain related to arthritis or similar. In future,
we will use a visual analogue scale in accordance with related
medication studies. Furthermore, EORTC-QLQ-C-30 may
not be sensitive enough for this very short type and intensity
of intervention. Many of the health-related questions such as
health status or financial problems will most likely still be
relevant 6 weeks later for an oncological patient.

In summary, we provide evidence that SMT and WBV
behold a potential to treat relevant symptoms of CIPN with

no further side effects, are feasible and safe for patients with
CIPN, and should therefore be taken seriously as a possible
measure in supportive therapy to reduce symptoms of CIPN.
The results are of clinical relevance as the sensory symptoms
are decisive limiting factors for patients to receive their planed
therapy regimen, optimizing cancer control. Further research
with a larger sample size is necessary.
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