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Muskelkraft und selbsteingeschätzte körperliche 
Leistungsfähigkeit bei österreichischen 
Glioblastom-Patienten 

Zusammenfassung
Grundlagen Die vorliegende Untersuchung hatte die 
Beschreibung der motorischen Grundeigenschaft 
„Kraft“ (vor und nach Chemoradiatio) und deren Aus-
wirkung auf die Leistungs- und Funktionsfähigkeit von 
Glioblastom (GBM)-Patienten zum Ziel.

Methodik 24 Patienten (m:f = 19:5, 52 ± 14a, BMI =
 26 ± 3  kg/m²) wurden in die vorliegende Pilot-Untersu-
chung eingeschlossen. Es wurden bei jedem Patienten 
eine „Handdynamometrie“ mit Ermittlung der Faust-
schlusskraft (Jamar®) sowie eine isokinetische Dyna-
mometrie der Extensoren und Flexoren der Kniegelenke 
(Biodex®-3) vor und nach Chemoradiatio (Abstand zwi-
schen den Messungen = 14 ± 9 Wochen) durchgeführt. 
Die körperliche Leistungs- und Funktionsfähigkeit der 
Studienteilnehmer wurde mittels der Subskalen „Kör-
perliche Funktionsfähigkeit“ und „Körperliche Rollen-
funktion“ des SF-36 Health Survey erfragt.

Ergebnisse Das maximale Drehmoment der Knie-
extensoren (maximales Drehmoment) lag deutlich 
unter den alters- und geschlechtsspezifischen Erwar-
tungswerten (p < 0,0001). Verglichen mit alters- und 
geschlechtsspezifischen Referenzwerten konnten sig-
nifikante Defizite der selbsterfassten Leistungs- und 
Funktionsfähigkeit der Patienten („Körperliche Rollen-
funktion“: p < 0,0001; „Körperliche Funktionsfähigkeit“: 
p = 0,010) gefunden werden. Sowohl Faustschlusskraft 
als auch maximales Drehmoment zeigten signifikante 
(negative) Korrelationen mit der Subskala „Körperliche 
Funktionsfähigkeit“ (maximales Drehmoment: p < 0,001; 
Faustschlusskraft: p < 0,001). Maximales Drehmoment 
(p = 0,337), Faustschlusskraft (p = 0,995), „Körperliche 
Funktionsfähigkeit“ (p = 0,824), und „Körperliche Rol-
lenfunktion“ (0,594) änderten sich im Zeitverlauf (vor 
und nach Chemoradiatio) nicht signifikant.

Schlussfolgerungen Im Rahmen der vorliegenden 
Studie an GBM-Patienten (vor und nach Chemoradiatio) 
konnten deutliche Defizite der Kraft der Knieextensoren 
und der selbsterfassten körperlichen Leistungs- und 
Funktionsfähigkeit gefunden werden. Da diese Defizite 
funktionell relevant für den Alltag der Patienten zu sein 
scheinen, sollte die Rehabilitation dieser Patienten Op-
tionen zur Verbesserung der motorischen Grundeigen-
schaft Kraft inkludieren.

Schlüsselwörter: Glioblastom, Dynamometrie, Selbst-
erfasste körperliche Aktivität

Summary
Background  Aim of this study was to describe longitudi-
nal assessments of handgrip strength, strength of thigh 
muscles, and self-reported physical performance in pa-
tients with glioblastoma after neurosurgical intervention 
undergoing chemoradiation.

Methods Strength testing was performed in 24 
Austrian glioblastoma patients (m:f = 19:5, 52 ± 14a, 
BMI = 26 ± 3  kg/m²) at baseline and follow up after 

Wiener klinische Wochenschrift
The Central European Journal of Medicine

Wien Klin Wochenschr (2012) 124:377–383
DOI 10.1007/s00508-012-0186-1

Strength of skeletal muscle and self-reported physical 
performance in Austrian glioblastoma-patients
Mohammad Keilani, Christoph Krall, Christine Marosi, Birgit Flechl, Karin Dieckmann,  
Georg Widhalm, Maximilian Marhold, Richard Crevenna

R. Crevenna, MBA, MSc () ·  M. Keilani, MD, MSc · 
Department of Physical Medicine and Rehabilitation, Medical 
University of Vienna, Währinger Gürtel 18–20, 1090 Vienna, Austria
e-mail: richard.crevenna@meduniwien.ac.at

C. Krall,  PhD
Section of Medical Statistics, Core Unit for Medical Statistics  
and Informatics, Medical University of Vienna, Vienna, Austria

C. Marosi, MD · B. Flechl, MD · M. Marhold
Department of Internal Medicine I/Division of Oncology, Medical 
University of Vienna, Vienna, Austria

K. Dieckmann, MD
Department of Radiotherapy, Medical University of Vienna, 
Vienna, Austria

G. Widhalm, MD
Department of Neurosurgery, Medical University of Vienna, 
Vienna, Austria

Received: 13 February 2012 / Accepted: 16 May 2012 / Published online: 12 June 2012
© Springer-Verlag Wien 2012



378  Strength of skeletal muscle and self-reported physical performance in Austrian glioblastoma-patients

original article

1 3

chemoradiation (interval between baseline and follow 
up = 14 ± 9 weeks). Isokinetic testing of knee extension/
flexion was performed by using a Biodex 3 dynamom-
eter. Handgrip strength was measured by using a Jamar 
hand-dynamometer. Physical performance was assessed 
by using the subscales “physical functioning” and “role 
physical” of the SF-36 Health Survey.

Results Peak torque of knee extensors (peak torque) 
were clearly lower than expected for age- and sex-re-
lated values (p < 0.0001). In comparison with age- and 
sex-related reference values, deficits of “role physical” 
(p < 0.0001) and “physical functioning” (p = 0.010) were 
found.

Effects of measurements of muscle strength on “phys-
ical functioning” were significant (peak torque: p < 0.001; 
handgrip strength: p < 0.001).

No significant change could be detected after fol-
low up for peak torque (p = 0.337), handgrip strength 
(p = 0.995), “physical functioning” (p = 0.824), and “role 
physical” (0.594).

Conclusions In this study, notable deficits especial-
ly in muscular strength of thigh muscles and general 
physical performance of patients with glioblastoma have 
been found before and after chemoradiation. Reduced 
muscle strength and impaired self-reported physical 
performance seem to be clinically relevant functional 
deficits in (Austrian) glioblastoma patients. Therefore, 
rehabilitation and supportive care should also include 
options to increase muscle strength.

Keywords: Glioblastoma, Self-reported physical per-
formance, Muscular strength, Isokinetic testing, Hand-
grip

Introduction

Glioblastoma, the most common primary brain tumor 
in adults, is an aggressive form of brain tumor the treat-
ment of which usually entails neurosurgical intervention 
where possible followed by chemoradiation, allowing 
more patients with malignant glioma than ever to survive 
longer [1, 2].

Glioblastoma leads to a decrease in muscular strength 
due to neuromuscular dysfunction caused by glioblas-
toma itself, and due to corticoid treatment which is nee-
ded to decrease intracranial pressure [1–8].

Reduced muscle strength, sensorimotor deficits, and 
corticoid-related loss of bone mineral density lead to 
higher risk of falls and consecutively fractures [9–11]. 
Decreases of muscular strength and endurance capa-
city have negative effects on functional outcomes [2]. 
The consequences are deconditioning, muscle wasting, 
decrease of quality of life (QOL), mood disorders (depres-
sion), limitations of activities of daily living (ADL), and 
decrease of (social) participation [1–3]. Muscle wasting 
and decreased muscle strength were shown to be inde-
pendent predictors of mortality in other severe diseases 
such as chronic heart failure [12, 13].

To our knowledge, muscular strength of different 
muscle groups and its impact on self-reported physical 
performance of glioblastoma patients have not been 
described in prior publications.

Aim of this study was to describe longitudinal assess-
ments of handgrip strength, strength of thigh muscles, 
and of their impact on self-reported physical perfor-
mance in a sample of Austrian patients with glioblastoma 
undergoing chemoradiation.

Methods and materials

The present study was approved by the ethics committee 
of the Medical University of Vienna (EK Nr: 122/2008). 
The study was performed in accordance with the Decla-
ration of Helsinki (1964). All participants gave their 
informed consent prior to their inclusion in the study. 
A sample of 31 consecutive Austrian patients with histo-
logically confirmed, clinically stable, postsurgical, and 
previously untreated glioblastoma were included in the 
present study. Due to logistic reasons, the interval bet-
ween baseline and follow up was 14 ± 9 weeks.

Additional inclusion criteria included: treatment with 
radiotherapy plus concomitant and adjuvant temozo-
lomide-therapy, and no contraindications to strength 
testing [1, 2]. In our glioblastoma center, the corticoid 
treatment is tapered off as soon as possible after neuro-
surgical intervention. Postoperatively, patients are free 
from corticosteroids within 2 weeks unless they develop 
signs of central edema. During and after radiation the-
rapy, patients are prescribed dexamethasone only after 
complaining of symptoms related to cerebral edema. 
By minimizing the use of dexamethasone, we intend to 
spare the patients’ side effects from corticosteroids.

Demographic and clinical data were documented. 
Karnofsky performance status (KPS) measured ≥ 70  % 
for 23 patients and 50 % for 1 patient. Two (8 %) patients 
suffered from hemiparesis and 2 (8 %) from upper extre-
mity weakness because of glioblastoma. Furthermore, 8 
(33 %) patients had sufficiently treated epilepsy.

Assessment of muscular strength

Isokinetic testing of dominant thighs (isokinetic knee 
extension and flexion strength) was performed by using 
a Biodex 3 dynamometer (Biodex Medical Systems, Shir-
ley, New York, USA) [14]. Isokinetic testing is conside-
red the “gold standard” for the objective assessment of 
muscle strength in vivo, and is therefore usually used for 
assessment of muscular strength of thighs in previous 
clinical studies [14]. Furthermore, quadriceps strength is 
known to relate to different basic ADL (ability of walking, 
stair climbing), and to falling [14]. Isokinetic testing was 
performed at an angular velocity of 60°/s. Isokinetic tes-
ting at 60°/s is suggested by the manufacturer for evalua-
tion of maximal voluntary strength, and was proved to be 
useful and valid for assessing maximal muscular strength 
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of cancer patients and other patients with severe diseases 
such as heart failure [13, 15–17].

The dynamometer was calibrated for torque and range 
of motion and measurements were conducted according 
to the manufacturer’s specification [18]. Based on the 
Biodex System 3 Pro manual and recommendations from 
a previous study on cancer patients by our group, the test 
protocols were established [15, 18].

Patients were stabilized in the chair with abdominal 
and shoulder straps [18]. The anatomical axis of rota-
tion was aligned to the dynamometer axis using manual 
palpation and visual inspection [18]. For the purpose of 
acclimatization, testing was explained to the subjects 
and isokinetic contractions were demonstrated until 
the patients felt confident about the manoeuvres [18]. 
During the acclimatization, only contractions with less 
effort were allowed. The warming up consisted of three 
sets of three submaximal isokinetic repetitions [18]. After 
a relaxation period of a few minutes, test series started 
[18]. Two isokinetic sets of 5 reciprocal knee extension 
and flexion maximal contractions with an angular speed 
of 60°/s were performed [15, 18]. Highest achieved value 
was used. Muscle strength of thighs was measured as a 
moment of maximal force (torque) during knee move-
ment at a constant (isokinetic) velocity of 60°/s (= peak 
torque/normalized to participant’s body weight in Nm/
kg) [18, 19]. Peak torque/normalized to participant’s 
body weight (peak torque) was measured for dominant 
knee extensors/flexors at baseline and at follow up.

In order to reduce interrater variability, all tests were 
performed by the same physiatrists, who gave a moderate 
standardized verbal encouragement during the test [15, 
18]. Age- and sex-predicated values for isokinetic muscle 
strength of knee extensors were obtained from the Bio-
dex System 3 Pro manual, and from prior reports [18, 20].

Handgrip strength of dominant hand was measured 
by using a Jamar hand-dynamometer [21, 22]. Hand-
grip strength measurement by dynamometry is well 
standardized, and handgrip correlates with a number 
of important life functions (e.g. self-care, carrying bags, 
homework, etc.) [21]. Participants were examined in a 
standardized position [23]. During the test, the patients 
were seated, their elbow by their side and flexed to right 
angles, and a neutral wrist position, the dynamometer 
handle position was chosen according to individual hand 
size. Each participant was tested at the same handle posi-
tion at baseline and follow up. In alternating order, three 
maximum voluntary grip strength contractions were 
taken for each hand [22, 23]. The mean value of domi-
nant hand was used for analysis [24]. Maximal handgrip 
strength was measured in pounds (lbs) [22–24]. Revised 
normative age- and sex-related values for grip strength 
with the Jamar dynamometer were obtained from a prior 
report [22].

Assessment of self-reported physical performance

Physical performance was assessed by using the SF-36 
Health Survey [25]. The SF-36 Health Survey is a generally 
accepted generic instrument for assessing eight different 
domains of health related quality of life (HRQOL) [25]. In 
this study, patients filled in the subscales “physical func-
tioning” and “role physical” of the German version of 
the SF-36 Health Survey [25]. Among the strengths of the 
SF-36 Health Survey is its applicability to many disease 
groups as well as the general population, so that it can 
be used to compare cancer patients with healthy popu-
lations [15, 25]. Since most studies of HRQOL of cancer 
survivors lack either a noncancer control group or broad 
normative data on noncancer patients for comparisons, 
this seems to be a main advantage in attempting to sort 
out the effects of cancer on differences in HRQOL versus 
the influence of concomitant diseases and natural aging 
[15, 25]. The SF-36 Health Survey has been used in seve-
ral studies to investigate HRQOL of cancer patients and 
has shown not only different deficits in HRQOL, depen-
ding on the cancer entity, tumor stage, treatment-rela-
ted adverse effects, and progression of cancer, but also 
differences which are related to concomitant diseases, 
sex, age, sociodemographic status, and other conditions 
[15, 25]. It has been shown that administration of gene-
ric HRQOL questionnaires may help physicians to look 
beyond “what’s wrong” with their patients [15, 25]. The 
SF-36 Health Survey seems to be a very useful instrument 
to describe overall HRQOL of patients, and to detect more 
specific symptoms and QOL deficits related to different 
cancer entities, disease-specific questionnaires should be 
preferred [15, 25]. In the present study, only the subscales 
“physical functioning” and “role physical” were used for 
self-reported assessment of physical performance.

Statistical analysis

The initial analysis provided descriptive information on 
the demographic and treatment characteristics of par-
ticipants. To assess strength of skeletal muscle in pati-
ents with glioblastoma, their maximum peak torque of 
thigh muscles (knee extensor and flexor muscles) and 
handgrip strength after neurosurgical intervention were 
compared to age- and sex-predicated expected values 
by a t-test (peak torque) or a Wilcoxon signed rank test 
(handgrip strength), depending on normality of the data 
as assessed by qq-plots.

Peak torque of knee extensor and flexor muscles was 
highly correlated for both sides at both measurements 
(p < 0.0001). Therefore, the analysis was restricted to peak 
torque of the knee extensor muscles.

For self-assessment of physical performance values 
for the SF-36 subscales, the “physical functioning” and 
“role physical” were used. SF-36 values at baseline were 
compared with mean values from a normal population 
depending on age, class, and sex using Wilcoxon signed 
rank tests.
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Changes of peak torque of knee extensor muscles, 
handgrip strength, “physical functioning” and “role phy-
sical” over time were analyzed by linear models.

To determine correlations between skeletal muscle 
strength and self-reported physical performance of pati-
ents on these two SF-36 subscales, mixed models were 
analyzed, where measurement of muscle strength was 
treated as fixed effect and patients were treated as ran-
dom effects for the SF-36 subscales “physical functio-
ning” and “role physical”.

Bonferroni Holm correction for simultaneous testing 
of hypotheses with respect to peak torque of knee exten-
sor muscles, handgrip strength, the subscales “physical 
functioning”, and “role physical” and dependence of 
“physical functioning” and “role physical” on peak tor-
que of knee extensor muscles and handgrip strength was 
performed by the stepwise Bonferroni Holm procedure 
with levels α/16, α/15 … α.

In the tables II–VII, uncorrected p-values are given; 
in the text significance after correction for multiplicity is 
reported.

All statistical analyses were done using R 2.10.2.

Results

Demographic and clinical data are presented (Table 1).
Out of 31 participants, 1 patient dropped out due to 

death before follow up, 5 patients worsened so much that 
they were no longer able to come to the hospital to per-
form the follow up testing. Assessment was performed 
in 24 patients (m:f = 19:5, 52 ± 14a, BMI = 26 ± 3 kg/m²) at 
baseline and follow up after concomitant treatment with 
temozolomide and radiation.

Muscle strength of thigh muscle and handgrip 
strength

Table 2 gives summary statistics of peak torque of domi-
nant thigh muscles (knee extensor and flexor muscles) 
and of grip strength of the dominant hand.

Table  3 gives summary statistics of the difference of 
peak torque of knee extensor muscles and handgrip 
strength of glioblastoma patients from expected and nor-
mative values, respectively.

The unadapted p-value for peak torque of knee exten-
sor muscles indicated significant reduction compared 
to normative values (p < 0.001), reduction of handgrip 
strength was not significant (p = 0.275). Bonferroni Holm 
correction did not change significances.

A linear regression of the difference of peak torque 
of knee extensor muscles and handgrip strength on the 
time between baseline measurement and follow up was 
performed. Neither intercepts (peak torque: p = 0.924; 
handgrip strength: p = 0.763) nor slopes (peak torque: 
p = 0.337; handgrip strength: p = 0.995) were significant. 
Table 4 gives summary of this regression.

Self-reported physical performance

Table  5 shows the results of a mixed model modelling 
regression of “physical functioning” and “role physical”, 

Table 1. Demographic and clinical data of the study popu-
lation (24 consecutive patients suffering from glioblastoma 
WHO grade III–IV; age: mean = 52 ± 14a, min = 20, max = 76, 
Body Mass Index: mean = 26 ± 3 kg/m2, min = 20, max = 34)

Characteristic No. of patients % of patients

Sex

Male 19 79

Female  5 21

Handedness

Right-handed 20 83

Left-handed  3 13

Ambidextrous  1  4

Histologya

Grade IV 20 83

Grade III  4 17

Comorbiditiesb

Hypertension 10 41

Diabetes mellitus  3 13

Cardiovascular diseases  2  8

Previous malignancy  2  8

Musculoskeletal disease  2  8

Depression  2  8

Others  2  8

History of Cancer Treatment 
(at baseline)c

22 92

Partial or complete resection 
Biopsy

 2  8

aWorld Health Organization grade
bAll of them only in a slight severity, which did not lead to exclusion from 
the study
cAll 24 included patients (100 %) received corticoid treatment in order to 
decrease intracranial pressure

Table 2. Descriptive (raw) data of strength measurements 
of thigh muscles and handgrip

PTa of 
knee 
exten-
sors Ib

PTa of 
knee 
exten-
sors IIc

PTa of 
knee 
flexors Ib

PTa of 
knee 
flexors 
IIc

Handgrip 
strength 
Ib

Handgrip 
strength 
IIc

Min. 78.6 67.7  22.6   2.5   1.33  12.0

1st Qd 147.5 135.3  64.2  54.5  43.1  40.3

Median 165.4 166.6  86.0  84.2  66.8  65.8

Mean 168.8 161.8  83.1  78.9  80.6  75.8

3rd Qd 195.0 190.7 101.1 103.3 115.7 108.4

Max. 311.4 261.7 186.5 146.3 188.0 174.7
aPeak torque/normalized to participant’s body weight (Nm/kg)
bBaseline
cFollow up
dQuartile



original article

Strength of skeletal muscle and self-reported physical performance in Austrian glioblastoma-patients  3811 3

with peak torque of knee extensor muscles and on hand-
grip strength, respectively, as fixed effects and patients as 
random effects.

Effects of both measurements of skeletal muscle 
strength on “physical functioning” were significant 
(peak torque: p < 0.001; handgrip strength: p < 0.001) and 
remained significant after Bonferroni Holm correction of 
the p-values.

Effects of both measurements of skeletal muscle 
strength on “role physical” were significant before (peak 
torque: p = 0.014; handgrip strength: p = 0.047) but not 
after Bonferroni Holm correction of the p-values.

Table 6 shows the differences between SF-36 subsca-
les “physical functioning”/“role physical” and reference 
values.

Reduction of “physical functioning” of glioblastoma 
patients compared to normative values was significant 
before (p = 0.010) Bonferroni Holm correction, but not 
after.

Reduction of “role physical” of glioblastoma patients 
compared to normative values was significant before 
(p < 0.001) and remained significant after the Bonferroni 
Holm correction.

Table 7 gives the differences between SF-36 subscales 
at baseline and after follow up.

A linear regression of the difference of “physical func-
tioning” and “role physical” on the time between base-
line measurement and follow up was performed. Table 7 
shows the estimates and the p-values. Only the intercept 
for “role physical” was significant before (p = 0.047), but 
not after Bonferroni Holm correction.

One patient had a Karnofsky index less than 70 when 
entering the study due to a hemiparesis and showed a 
drastic improvement of all functions from baseline to fol-
low up (peak torque of right extensor muscles from 22.5 
to 169.4 Nm/kg and right handgrip strength from 1.3 to 
16.3 lbs).

However, excluding this patient from the analysis did 
not change the significance for any test.

Discussion

Therapies consisting of surgery and chemoradiation 
allow more patients with malignant glioma than ever to 

Table 3. Summary statistics of the difference of peak torque of extensor muscles (Nm/kg) and handgrip strength (lbs) of pati-
ents from sex and age related expected and normative values, respectively. For the handgrip strength, patients were compared 
to normative values by a pairwise t-test. Qq-plots of peak torque of knee extensor muscles showed marked deviations from 
normal distribution. Therefore, Wilcoxon signed rank tests were performed to compare patients to expected values

Variable N Min. 1st quartile Median 3rd quartile Max. Mean SD p-value

PTa 24 − 131.4 − 69.6 − 49.5 − 35.5 61.4 − 47.8 41.0 < 0.0001

HSb 24 − 75.7 − 41.5 − 20.3 18.1 83.0 − 9.8 43.1 0.28
aPeak torque/normalized to participant’s body weight (Nm/kg)
bHandgrip strength (lbs)

Table 4. Regression of peak torque of knee extensor musc-
les and handgrip on time between baseline measurement 
and follow up

Variable Intercept p-value Estimate p-value

PTa -0.904 0.924 0.565 0.337

HSb 4.713 0.763 0.007 0.995
aPeak torque/normalized to participant’s body weight (Nm/kg)
bHandgrip strength (lbs)

Table 5. Mixed model connecting SF-36 subscales “phy-
sical functioning” and “role physical” to skeletal muscle 
strength

Factor Value p-value

PFIa PTc 0.406 0.0002

PFIa HSd 0.363 0.0001

ROLPHb PTc 0.322 0.014

ROLPHb HSd 0.246 0.047
aPhysical functioning
bRole physical
cPeak torque/normalized to participant’s body weight (Nm/kg)
dHandgrip strength (lbs)

Table 6. Differences between SF-36 subscales “physical functioning” and “role physical”, and sex- and age-related reference 
values

Variable N Min. 1st quartile Median 3rd quartile Max. Mean SD P-value

PFIa 24 − 74.8 − 32.3 − 13.8 4.3 15.9 − 18.2 28.6 0.009

ROLPHb 24 − 95.8 − 72.7 − 53.1 − 1.7 22.2 − 43.2 40.5 < 0.001
aPhysical functioning
bRole physical

Table 7. Regression of the change in PFI and ROLPH on 
time between baseline measurements and follow up

Variable Intercept p-value Estimate p-value

PFIa 5.723 0.537 − 0.126 0.824

ROLPHb − 20.429 0.047 0.465 0.594
aPhysical functioning
bRole physical
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survive longer [1, 2, 26–29]. Nevertheless, many of these 
patients are suffering from muscle weakness, fatigue, 
and rapid exhaustion in the early course of disease and 
probably related to the prescription of dexamethasone 
against increased cranial pressure [4–8, 30]. These pro-
blems result in limitations of activity and participation 
and decrease in QOL [31, 32].

In summary, the results of this study showed notable 
deficits in muscular strength of thigh muscles but not for 
handgrip strength of Austrian patients with glioblastoma. 
Effects of measurements of muscle strength on “physical 
functioning” were significant. At follow up, strength of 
thigh muscles did not improve, which seems to be due 
to the impact of the clinical course of glioblastoma on 
muscular strength of thigh muscles. Furthermore, defi-
cits of the baseline values of SF-36 subscales “physical 
functioning” and of “role physical” could be shown in 
patients with glioblastoma. No significant changes of 
these two subscales could be detected over time.

Jones et al. investigated different parameters of phy-
sical performance of patients with glioma in two studies 
[1, 2]. In the cross-sectional study a notable reduction 
of endurance capacity, cross-sectional area (CSA) of the 
quadriceps, hamstrings, and total mid-thigh muscle 
could be shown [1]. Isokinetic muscle strength of the 
right quadriceps muscle at an angular velocity of 90°/s 
was notably (50 %) below age- and sex-matched expec-
ted values [1, 33]. The cross-sectional study showed that 
muscle strength was predictive for VO2peak in exercise 
testing [1]. Therefore, exercise testing and dynamometry 
seem to be important assessment options which allow 
objective and feasible assessment of physical functioning 
in patients with malignant glioma [1]. Longitudinal mea-
surements indicated improvements of isokinetic strength 
of thigh muscles at follow up after 6 weeks that were no 
longer significant at 24 weeks. In both studies of Jones et 
al., the isokinetic testing was performed with an angular 
velocity of 90°/s with three reciprocal repetitions [1, 2].

In comparison with the cross-sectional study of Jones 
et al., our results showed notable deficits of muscle 
strength of thigh muscles, too [1].

In comparison to prior reports, the present study in 
an Austrian population sample was the first to assess 
both handgrip and isokinetic strength (maximal volun-
tary strength at 60°/s) of thighs, and to correlate these 
measurements with self-reported physical performance 
by using a generic QOL-questionnaire, respectively [1, 
2]. This seems to be one of the strengths of the present 
study because for performing different ADL (e.g. walking, 
homework, etc.) different muscle groups as knee exten-
sor/knee flexor muscles and forearm and hand muscles 
are necessary.

We assessed isokinetic strength and related it to weight 
of the participants (Nm/kg) because strength in most 
muscle groups was proven to be related not only to age 
and height but also to body mass [18, 19]. Furthermore, 
some of our patients changed their weight during the 
follow up period, and during daily activities like walking 

and stair climbing—from the patients point of view—the 
whole body mass has to be moved forward.

In the present study, deficits in strength of thigh musc-
les as well as impairment in physical performance of glio-
blastoma patients have been observed (Tables 3 and 6). 
Weakness of thigh muscles and of handgrip strength was 
shown to be associated with decrease in ability to per-
form daily activities (e.g. climbing stairs, walking without 
help, carrying shopping bags) as measured on the SF-36 
subscale “physical functioning” (Table  5). Therefore, 
usefulness of strength testing can be seen due to correla-
tions of dynamometric results self-reported HRQOL.

These deficits of muscular strength with consecutive 
notable limitations of physical health related QOL lead 
to need for rehabilitation concepts for patients with glio-
blastoma in order to improve muscular strength especi-
ally of thigh muscles. Therefore, adequate active exercise 
options should be initiated as soon as possible. The indi-
vidual physical load during exercise should be conside-
red individually, according to general condition of the 
patients and to the results of dynamometry.

Nevertheless, there is now a need for randomized 
clinical trials recruiting larger samples which evaluate 
rehabilitation programs in order to produce more gene-
ralizable data.

On the other side, we did not perform tests to inves-
tigate possible impairments of endurance capacity and 
sensimotor deficits as well as fatigue and mental health 
which also can lead to notable limitations in physical 
performance of patients with glioblastoma [1]. In clinical 
practice, deficits of glioblastoma patients should be eva-
luated individually, in order to perform targeted rehabi-
litation interventions.

In the present study, no deficits of handgrip strength in 
comparison with age- and sex-related normative values 
could be shown (Table 3) [22]. One reason might be that 
corticosteroids usually lead first to decrease of proximal 
muscle groups like thigh muscles [6].

Longitudinal strength assessment of thigh muscles 
and handgrip showed no significant difference between 
values at baseline and at follow-up after 14 ± 9 weeks 
(Table  4). These results are underlined by the fact that 
self-reported physical performance showed no signifi-
cant changes after follow-up (Table 7).

One notable limitation of this study is the selection 
bias due to inclusion of patients with Karnofsky-indices 
≥ 70 %, who were able to perform assessments. Therefore, 
conclusions for patients with poorer performance status 
(KPS) and poor general condition cannot be drawn from 
this study. Furthermore, the relatively small sample size 
and the lack of further functional performance measures 
(such as skeletal muscle cross-sectional area, cardiopul-
monary exercise testing) could be seen as limitation of 
the present study. Nevertheless, to our knowledge, the 
present study represents the first follow up observation 
in a Central European (Austrian) glioblastoma popula-
tion which describes muscular strength and its impact 
on general physical performance.
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Conclusions

The results of this study showed notable deficits in mus-
cular strength of thigh muscles and general physical per-
formance of patients with glioblastoma. At follow-up, 
none of the variables under observation showed signi-
ficant changes which show the impact of clinical course 
of glioblastoma on muscle strength of thigh muscles and 
general physical performance.

Further studies with larger sample sizes are urgently 
needed to assess muscle strength, endurance capa-
city, sensimotor features, and physical performance 
of patients with glioblastoma in order to define objec-
tive and clinical goals in rehabilitation of patients with 
glioblastoma.

Nevertheless, a major clinical implication of the present 
study is that rehabilitation and supportive care of patients 
with glioblastoma should also include options to increase 
muscle strength in order to improve ability to ADL.
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