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KEYWORDS Abstract

Physical Therapy; Background: Although chronic stroke patients commonly show impairment of trunk muscle per-
Rehabilitation; formance, this disability has only been analyzed in terms of peak torque. Therefore, other
Muscle strength; measures are needed for a more adequate description.

Trunk; Objective: This study aimed to compare concentric muscle performance of trunk
Stroke flexor/extensor muscles between chronic stroke patients and matched-healthy subjects.

Methods: 18 chronic stroke patients and 18 healthy subjects were matched according to
their age, sex, body mass index and level of physical activity. After familiarization, trunk
flexor/extensor concentric muscle strength was measured using an isokinetic dynamometer
(Biodex Medical Systems Inc, Shirley, NY, USA) with 3 repetitions at a velocity of 60°/s and
5 repetitions at a velocity of 120°/s. Trunk muscular performance was characterized by peak
torque, torque at 90°, total work, and total work normalized by trunk mass. Student’s t-test
was used for independent samples («=0.05) for group comparisons.

Results: All trunk muscle performance variables values investigated were significantly lower in
chronic stroke patients when compared to matched-healthy subjects (p <0.001). The obtained
ratios of chronic stroke patients scores to that of the matched-healthy subjects at velocities
of 60°/s and 120°/s were, respectively: flexor peak torque (60% & 53%)/extensor (54% & 53%);
flexor torque at 90° (56.20% & 36.58%)/extensor (57.92% & 30.65%); flexor total muscular work
(51.27% & 38.03%)/extensor (47.97% & 39.52%); and flexor total muscular work normalized by
trunk mass (55.57% & 40%)/extensor (51.40% & 42%).

Conclusions: Chronic stroke patients showed decreased trunk muscle performance when com-
pared to matched-healthy subjects in all variables investigated.
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Introduction

Trunk muscles play an important role in the execution of
daily activities, such as sitting, standing from a chair,’ trans-
ferring between different lying positions,” and walking.3
However, the majority of studies of chronic stroke patients
have focused exclusively on upper and lower limb impair-
ment, neglecting trunk disabilities.*

Since trunk muscles receive bilateral innervation from
the motor cortex (i.e. from both cerebral hemispheres),®
the pattern of impairment is different from that of the
limbs.® Compared to the limbs, trunk muscle impairments
are less remarkable and less noticeable.® In addition, in
contrast to the limbs, trunk muscle weakness cannot easily
be detected by physical examination in clinical practice.”
However, these differences do not mean that trunk muscle
performance has not been impaired. In fact, since both sides
of the cerebral cortex innervate muscles of both sides of the
trunk, trunk muscles are intrinsically impaired following a
stroke.>’ Therefore, it is possible that impairment of trunk
muscle performance plays an important role in the limita-
tion of the performance of functional activities in chronic
stroke patients. A key point to explore this hypothesis is to
better understand trunk muscle performance.

Trunk muscle performance is commonly assessed in
healthy subjects,®'" but has rarely been investigated in
chronic stroke patients. Only two previous studies were
found that characterized trunk muscle performance using
isokinetic equipment, in chronic stroke patients Karatas
et al.® and Tanaka et al.” compared the isokinetic concen-
tric peak torque of the trunk flexor and extensor muscles
between chronic stroke patients and matched-healthy sub-
jects at 60°/s, 90°/s, 120°/s, and at 60°/s, 120°/s, 150°/s,
respectively. According to the results of these studies,
chronic stroke patients showed significantly lower peak
torque than matched-healthy subjects at all investigated
velocities.®”

Despite the important information provided by these two
previous studies,®’ the only variable investigated was the
peak torque, which may not be enough to fully describe

muscle performance. According to Moreau and Gannotti,?
muscle performance represents the overall capability of a
muscle to perform work, and is represented not only by
peak torque.'? Other studies evaluated trunk muscle per-
formance using other variables such as total work, which
provides a better description of muscle performance.' ™
However, in chronic stroke patients, other aspects of trunk
muscle performance have not been fully investigated.

The hypothesis and aim of the present study was that
chronic stroke patients would show decreased concentric
muscle performance of the trunk flexor/extensor muscles
when compared to matched-healthy subjects.

Methods

Participants

Eighteen chronic stroke patients and 18 matched-healthy
subjects were recruited from the community. The follow-
ing inclusion criteria were used for chronic stroke patients:
both sexes, age 20 years or older, residual weakness and/or
increased tonus of the paretic side,”' chronic phase post
stroke (had a stroke for >6 months)'® and capable of exe-
cuting all tests.” The residual weakness was determined by
isometric strength differences greater than 15% between the
paretic and non-paretic knee extensor muscles measured
by a digital hand-held dynamometer (Microfet 2%; Hoggan
Health Industries, UT, USA)."”

Inclusion criteria for the matched-healthy subjects were
as follows: being capable of executing all tests. They
were matched with stroke patients with regards to age,
sex, body mass index, and level of physical activity'® (see
Table 1). Levels of physical activity (i.e. vigorous, moder-
ate, insufficient, or inactive) were determined according
to the frequency, duration, and intensity of the estimated
metabolic expenditure (MET) of exercise(s) performed by
the subjects as recommended by the Physical Activity
Trends/United States.'®

Table 1 Demographic and clinical characteristics of participants and statistical results of the comparisons between chronic
stroke patients (n=18) and healthy matched subjects (n=18) used to determine flexor & extensor concentric muscle strength.
Variable Stroke Healthy p-value
Age (years), mean (SD) 59.78 (2.34) 59.67 (9.40) 0.11
Sex (men/women), n 13/5 13/5 1.0
Body mass (kg), mean (SD) 71.40 (2.74) 76.81 (2.89) 0.18
Height (m), mean (SD) 1.65 (0.01) 1.67 (0.02) 0.49
Body mass index (kg/m?), mean (SD) 26.08 (0.80) 27.45 (0.79) 0.23
Physical activity levels (n)

Insufficient/moderate active/vigorous active/inactive 5/1/4/8 7/0/5/6 0.49
Trunk Impairment Scale, median (IQR) 16.5 (6) 23 (2) 0.001
Time since the onset of stroke (months, mean (SD) 144.75 (73.47) _ _
Fugl-Meyer median (IQR) 80 (22) _ _
Paretic side (R/L), n R/L: 11/7 _ _

n, number of subjects; SD, standard deviation; kg, kilogram; m, meter; m2, square meter; R/L, right/left side affected; IQR, interquartile

range.
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Exclusion criteria for both stroke and matched-healthy
subjects were: presence of possible cognitive deficits iden-
tified by the Mini Mental State Examination based on cut-off
points according to educational levels”® (i.e. illiterate:
13 points; 1-7 years of education: 18 points; 8 or more
years of schooling: 26 points),' the inability to understand
commands and procedures during the tests, or associated
diseases and/or history of surgery that could interfere with
the results or compromise the test performance.’ Blood
pressure (BP) was measured before, during, and after the
tests. If BP increased, the assessment was interrupted, but
the participant was not excluded and could repeat the test
another day since a BP increasing can occurs atypically,
especially for easily controllable determinants, for exam-
ple if the participant just has a sudden posture change or
coughing crisis.

This study was approved by the Research Ethics Commit-
tee of Universidade Federal de Minas Gerais (UFMG), Belo
Horizonte, MG, Brazil (no. 01404612.5.0000.5149). All par-
ticipants read and signed an Informed Consent Form before
data collection.

Measurements

One examiner, who had been trained to administer the tests
and calculate all the measurements, was used for the test-
ing. First, the subjects underwent assessments for eligibility
criteria, and clinical and demographic characteristics (i.e.
age, sex, height, body mass index, and level of physical
activity)," trunk impairments (using the Trunk Impairment
Scale - TIS),%° and the motor portion of the Fugl-Meyer Scale
(only for chronic stroke patients).?' Then, muscle perfor-
mance of the trunk flexors/extensors was assessed using
an isokinetic dynamometer (Biodex Medical Systems Inc,
Shirley, NY, USA).?2

Procedures

Blood pressure (BP) was monitored before and after the test
procedures to assure the subjects’ hemodynamic stability. '
Since chronic stroke patients commonly have alterations in
BP, BP measurement was also performed between familiar-
ization and data collection to ensure patients safety during
the test, as a criterion for continuing the testing.

The subjects were positioned on the isokinetic
dynamometer trunk apparatus (Biodex Medical Systems
Inc, Shirley, NY, USA) with the axis of rotation placed at
the intersection between the mid-axillary line and the
lumbosacral junction. Stabilization seatbelts were placed
around the thoracic region, the abdomen, and the thighs;
and with feet positioned on the equipment support and
chair (Fig. 1).° The determined range of motion of the
subjects doing the trunk movements was 65°, starting from
15° of extension® to 50° of trunk flexion. This trunk position
indicated the range of motion commonly observed during
the performance of daily life activities.'?20:22

After familiarization with four concentric submaximal
contractions at 60°/s and 120°/s, three series of three con-
centric maximum contractions at 60°/s and five series of
five concentric maximum contractions at 120°/s were per-
formed by all of the test subjects, as previously used and

Figure 1  Positioning of a subject on the Biodex® isokinetic
dynamometer to test flexor & extensor trunk flexor & extensor
concentric muscle strength.

recommended.®'* The difference in the amount of series
between both velocities were adopted as recommend, since
fewer contractions must be used in lower velocities, such
as 60°/s and more contractions are necessary for test eval-
uation at higher velocities, such as 120°/s.%' During the
test performance, subjects were verbally encouraged by
the examiner through a standardized verbal command -
**stronger, faster’’.®” When the Coefficient of Variation (CV)
of the peak torque was higher than 25% (twice the value
considered for young subjects),?? which indicates wide het-
erogeneity of muscle contractions between repetitions and
series,'®?? the subjects were allowed to rest and the set was
repeated.

Data analysis

The following three variables available in the Comprehen-
sive Evaluation Reports generated by the Biodex Software
were used to characterize trunk flexor/extensor muscles at
each test velocity (60°/s and 120°/s):

Peak torque: the maximum torque generated at the single
highest point in the entire range of motion among all test
repetitions. ™

Torque at 90°: the value of torque when the trunk was at
an angle of 90°."

- Total work: the product of the torque generated by the
trunk segment throughout its angular displacement.™

A fourth variable (i.e. total work normalized by trunk
mass) was also used to characterize trunk flexor/extensor
muscle performance:

- Total work normalized by trunk mass. This variable was
calculated using the ratio between each subject’s total
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work and the subject’s trunk mass. The value of the trunk
mass was calculated considering the subject’s body mass,
and equations provided by Winter.?> For the limbs, the
variable total work normalized by the segment mass was
available in the Comprehensive Evaluation Reports gener-
ated by the Biodex Software, as the Biodex equipment
was able to estimate limb mass.'“?* However, for the
trunk, the equipment did not provide this information.
Therefore, a mathematical calculation was performed
[total work normalized by trunk mass (J kg~') = total work
(J)/trunk mass (kg)], as previously described.' To deter-
mine the trunk mass another mathematical calculation
was performed (trunk mass as proportion of total body
mass =0.497 x total body mass).?

Statistical analysis

Descriptive statistics and normality tests (i.e. Shapiro-Wilk
test) were calculated for all measurements. After data dis-
tribution analysis, groups were characterized by clinical and
demographic measurements using descriptive statistics. To
ensure the groups showed matching characteristics, they
were compared with regard to the following variables: sex
(using the x? test), body mass index (using independent sam-
ples t-test), level of physical activity and trunk impairment
(using the Mann-Whitney test). Then, groups were com-
pared regarding trunk muscle performance variables using
the independent samples t-test. The significance level was
set at «=0.05.

Results

Eighteen chronic stroke patients (average age: 59.78 [SD
2.34] years) and 18 matched-healthy subjects (average age:
59.67 [SD 9.40] years) were included in the study. Each group
had 5 women and 13 men. Groups were similar with regard
to the following matching variables: age (p=0.11), sex
(p=1.00), body mass index (p=0.23), and level of physical
activity (p=0.49). The majority of chronic stroke patients
had right hemiparesis (11/18 or 61%), an average time fol-
lowing stroke of 144.75 (SD 73.47) months and median values
(interquartile difference) of 80.00 (20.00) using the score
of the motor portion of the Fugl-Meyer Scale. Furthermore,
chronic stroke patients showed greater trunk impairment,
detected by the Trunk Impairment Scale,?’ when compared
to matched-healthy subjects (p=0.001) (Table 1).

Table 2 presents the descriptive statistics results, mean
and standard deviation (SD) of trunk muscle performance at
the velocities of 60°/s and 120°/s, mean difference between
groups with the 95% Confidence Interval (Cl) for the differ-
ent variables of comparison between chronic stroke patients
and healthy matched subjects. All scores of trunk muscle
performance variables were significantly lower in chronic
stroke patients than in matched-healthy subjects (p <0.001)
(Table 2). The ratios of scores of chronic stroke patients
compared with those matched-healthy subjects at veloci-
ties of 60°/s and 120°/s are shown in Table 3. These results
clearly show the presence of trunk muscle strength deficits
in chronic stroke patients.

Table 2 Descriptive statistics results, mean (SD) of trunk muscle performance at the velocities of 60°/s and 120°/s, mean [95%
Cl] difference between groups of the comparison between chronic stroke patients (n= 18) and healthy matched subjects (n=18).

Variables of Velocity 60°/s Velocity 120°/s Between-group Differences p-value
muscle Stroke - mean Stroke - mean 60°/s - mean [95% ClI] 60°/s
performance (SD) (SD) 120°/s - mean [95% Cl] 120°/s

Healthy - mean Healthy - mean

(SD) (SD)
Flexor peak torque  152.81 (68.7) 130.62 (65.99) —99.26 [—153.06 to —45.45] 0.001
(Nm) 252.07 (88.85) 243.98 (95.1) —113.36 [-168.80 to —57.91] <0.001
Extensor peak 83.61 (33.54) 65.46 (26.74) —70.36 [—98.89 to —41.83] <0.001
torque (Nm) 153.97 (49.21) 122.65 (44.67) —57.18 [-82.13 to —32.24] <0.001
Flexor torque at 109.92 (56.83) 52.56 (50.97) —85.63 [—125.97 to —45.29] <0.001
90° (Nm) 195.56 (62.14) 143.66 (82.66) —91.10 [-137.62 to —44.58] <0.001
Extensor torque at  66.21 (30.97) 32.06 (29.94) —48.07 [—73.45 to —22.68] <0.001
90° (Nm) 114.28 (43) 104.60 (51.65) —72.53 [-101.14 to —43.93] <0.001
Flexor total 312.37 (168.9) 322.40 (263.65) —296.78 [—426.36 to —167.02] <0.001
muscular work (J) 609.15 (211.31) 873.83 (459.47) —551.42 [-805.18 to —297.67] <0.001
Extensor total 150.47 (60.88) 149.53 (91.54) —163.21 [-219.20 to —107.23] <0.001
muscular work (J) 313.68 (99.76) 378.22 (170.86) —228.68 [-321.54 to —135.83] <0.001
Flexor total 8.75 (4.65) 8.90 (7.2) —6.93 [—9.85 to —4.01] <0.001
muscular work 15.69 (3.92) 22.25 (9.85) —13.35 [-19.20 to —7.50] <0.001
normalized by
trunk mass (J/kg)
Extensor total 4.20 (1.62) 4.15 (2.45) —3.97 [-5.23 to —2.70] <0.001
muscular work 8.17 (2.07) 9.84 (3.94) —5.69 [—7.92 to —3.46] <0.001

normalized by
trunk mass (J/kg)

n, number of subjects; s, seconds; SD, standard deviation; Cl, Confidence Interval; N m, Newton*meter; J, Joule; J/kg, joule per kilogram;

Flex, Flexor Muscles; Ext, Extensor Muscles.
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Table 3 Trunk muscle performance scores for chronic stroke patients (n=18) as a percentage of healthy-matched subjects

(n=18) at the velocities of 60°/s and 120°/s.

Variables of muscle performance Velocity 60°/s Velocity 120°/s
Flexor peak torque 60% 53%

Extensor peak torque 54% 53%

Flexor torque at 90° 56.20% 36.58%
Extensor torque at 90° 57.92% 30.65%

Flexor total muscular work 51.27% 38.03%
Extensor total muscular work 47.97% 39.52%

Flexor total muscular work normalized by trunk mass 55.57% 40%

Extensor total muscular work normalized by trunk mass 51.40% 42%

n, number of subjects; s, seconds.

Discussion

The present study aimed to compare concentric per-
formance of the trunk flexor/extensor muscles between
chronic stroke patients and matched-healthy subjects.
Chronic stroke patients showed greater trunk muscle per-
formance impairment than matched-healthy subjects, for
all variables (i.e. peak torque, torque at 90°, total work,
and total work normalized by trunk mass) at both velocities
(i.e. 60°/s and 120°/s), Moreover, mean differences between
groups for all variables at both velocities indicated an actual
different and lower mean for chronic stroke patients when
compared to matched-healthy subjects. Considering these
95% Cl, it is possible to expect that the mean of the chronic
stroke population for this study was likely to fall into this
interval or range of scores. It is important to consider the
Minimal Clinically Important Difference (MCID), which can be
defined as the smallest amount of change in an outcome that
might be considered important by a patient or clinician.?’
However, no studies have been found involving trunk mus-
cle strength assessment using an isokinetic dynamometer for
chronic stroke patients.

According to Tanaka et al.” and Karatas et al.,® chronic
stroke patients showed significantly lower values for trunk
muscle concentric peak torque (i.e., flexors and extensors)
than matched-healthy subjects. The proportions of trunk
muscle concentric peak torque for chronic stroke patients in
relation to matched-healthy subjects were: 79.8% and 72%,
for the flexor muscles, and 56.9% and 71.9% for the exten-
sor muscles, respectively at a velocity of 60°/s. At 120°/s,
the values were; 64.7% and 50% for the flexor muscles and
71% and 55.2% for the extensor muscles.®’ The peak torque
results obtained in our study were similar to those reported
by Tanaka et al.” and Karatas et al.® For the same variables,
the proportions found in this study were similar than the
previously reported values.

The current study adds valuable information regarding
trunk muscle performance in chronic stroke patients since
variables other than peak torque were also assessed. The
analysis of the results for these variables emphasized the
significance of trunk muscle impairment in chronic stroke
patients. The values found for chronic stroke patients in
relation to that of matched-healthy subjects were lower
than those observed for peak torque. These results indicated

that not only maximum variables (i.e. peak torque) were
impaired in chronic stroke patients. Other variables consid-
ered more informative for muscle performance,’® such as
total muscular work were also affected in this population.
Therefore, our hypothesis was confirmed.

Total work is considered more informative when refer-
ring to muscle performance, which is considered to be the
parameter that characterizes muscle function in different
types of muscle contractions.'* Total work reflects the mus-
cle capacity of generating strength and maintaining this
strength throughout a range of motion.' In our study, the
range of motion used to assess total work of the trunk
muscles was similar to that commonly observed during the
performance of daily life activities.'®?%2*> Considering that
the trunk plays an important role in the execution of many
daily activities, =3 future studies should investigate the rela-
tionship between impaired total work of the trunk muscles
of chronic stroke patients and the common limitations in the
performance of daily life activities usually observed in these
patients.

According to Karthikbabu et al.,? *‘trunk control is the
ability of the trunk muscles to allow the body to remain
upright, to adjust to weight shifts, and to perform selec-
tive movements of the trunk that maintain the base of
support during static and dynamic postural adjustments.’’.
Several factors could be associated with worsened trunk
control commonly observed in chronic stroke patients, such
as upper motor neuron lesions, disuse, and trunk biome-
chanical strategies (such as an increase of trunk anterior
flexion during sit-to-stand performance, for example).>”%¢
Both contralateral and ipsilateral sides of the trunk are
impaired by a unilateral motor neuron lesion. Since trunk
flexion and extension are movements performed by trunk
muscles on both sides, trunk movement and control could
be entirely impaired in these subjects. Additionally, atro-
phy of the trunk muscles might also occur with disuse and
sedentary behavior.>”-2¢ Chronic stroke patients are more
sedentary than normal subjects matched by age and sex.”
Finally, the biomechanical strategies adopted by chronic
stroke patients to perform daily activities that involve trunk
movement might also be associated with decreased trunk
muscle performance observed in the present study. The most
important part of these strategies is more frequently charac-
terized as marked asymmetry in trunk displacement during
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sit-to-stand?® and gait?® activities, increased forward flexion
of the trunk, and lower trunk flexor momentum during the
sit-to-stand activity.*°

Considering the results of the present study, it is
recommended that clinical evaluation of trunk muscle per-
formance of chronic stroke patients should not include
only measures of muscle strength related to a single point
in the range of motion (peak torque), which has been
previously assessed using isokinetic equipment,®’ a man-
ual dynamometer,®" and the Modified Sphygmomanometer
Test,3? but should consider other measurements such as
flexor total work normalized by trunk mass.

Due to the evident impairment of trunk muscle per-
formance in chronic stroke patients, training protocols
aimed at improving the trunk muscle performance in these
patients must also be considered. These should target the
force-generating capacity of the muscles to produce force
throughout the range of motion observed in the trunk dur-
ing the performance of daily life activities. As stated by the
American College of Sports Medicine (ACSM), muscle physi-
ological adaptations are specific to the stimulus applied.*
Therefore, resistance training programs should be planned
considering several variables, such as the target muscle
group, speed of movement, and range of motion.

There is strong evidence that progressive resistance
training of the limbs is effective for improving strength and
function in the limbs of chronic stroke patients.>* Despite
the significant number of studies related to resistance train-
ing of limb muscles in stroke patients, few trials have
adhered to the ACSM guidelines for intensity (32%), speci-
ficity (24%), and training pattern (3%).>®> Similar conclusions
could be drawn when the results provided by two recent
published systematic reviews regarding trunk training exer-
cise approaches for improving trunk performance function in
chronic stroke patients were analyzed.¢*” According to the
results of these systematic reviews, trunk training exercises
showed moderate evidence for improving standing balance,
sitting balance, and mobility in chronic stroke patients.
However, the evidence was weak for the effect on trunk mus-
cle performance and functional independence.*¢~3 Perhaps
a better planned and specific resistance training program
for the trunk flexor and extensor muscles adhering to the
ACSM guidelines could improve the results of these previous
studies.

One limitation of our study was that only concentric
muscle contractions were evaluated. For performance of
some other daily activities, such as sit-to-stand and stand-
to-sit, eccentric contraction of the trunk muscles occurs
and, therefore, trunk muscle performance should also be
performed eccentrically. Another limitation of the current
study was that the subjects’ sensory function was not
assessed. Since sensory impairment is common in chronic
stroke patients which could alter the quality of movement,*
it should be considered in future studies related to trunk
muscle performance. In addition, as stated in the methods
section, only the data from the isokinetic set that showed a
CV of the peak torque <25% was included for analysis. Con-
sequently, if a sensory impairment was present, with the
ability to negatively influence trunk muscle performance,
the CV of the peak torque would be greater than 25%. Finally,
no correlation analysis was performed between the inves-
tigated variables of trunk muscle performance and other

important variables related to trunk performance, such as
those provided by the TIS score. Therefore, future stud-
ies aiming to investigate the correlation between trunk
muscle performance and TIS should be conducted, taking
into account appropriate sample size and fulfillment of the
assumptions of the correlation statistics tests.

Conclusion

Chronic stroke patients showed decreased concentric per-
formance of trunk flexors/extensors muscles compared to
matched-healthy subjects in all variables investigated at
60°/s and 120°/s: peak torque, torque at 90°, total work,
and total work normalized by trunk mass. The results of
the present study emphasized the importance of assessment
of trunk muscle performance of chronic stroke patients,
including measurement of peak torque and total work. Due
to the evident impairment in trunk muscle performance in
chronic stroke patients and the relationship between mus-
cle performance and trunk control, training protocols aimed
at improving trunk muscle performance in these patients
should also be considered, targeting force-generating capac-
ity of the trunk muscles and the ability to produce force
throughout the range of motion observed in the trunk during
the performance of daily life activities.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

The authors are thankful to the Brazilian Government Fund-
ing Agencies (CAPES, CNPq, FAPEMIG, and PRPq/UFMG), for
their financial support.

References

1. Lecours J, Nadeau S, Gravel D, Teixera-Salmela L. Interactions
between foot placement, trunk frontal position, weight-
bearing and knee moment asymmetry at seat-off during rising
from a chair in healthy controls and persons with hemipare-
sis. J Rehabil Med. 2008;40(3):200-207, http://dx.doi.org/
10.2340/16501977-0155. -

2. DiMonaco M, Trucco M, Di Monaco R, Tappero R, Cavanna A. The
relationship between initial trunk control or postural balance
and inpatient rehabilitation outcome after stroke: a prospec-
tive comparative study. Clin Rehabil. 2010;24(6):543-554,
http://dx.doi.org/10.1177/0269215509353265.

3. Adegoke B, Olaniyi O, Akosile C. Weight bearing asymmetry
and functional ambulation performance in stroke survivors.
Glob J Health Sci. 2012;4(2), http://dx.doi.org/10.5539/
gjhs.v4n2p87.

4. Nascimento L, Teixeira-Salmela L, Polese J, Ada L, Faria C,
Laurentino G. Strength deficits of the shoulder complex dur-
ing isokinetic testing in people with chronic stroke. Braz J
Phys Ther. 2014;18(3):268-275, http://dx.doi.org/10.1590/
bjpt-rbf.2014.0030.

5. Taoka M, Toda T, Iwamura Y. Representation of the midline
trunk, bilateral arms, and shoulders in the monkey postcentral
somatosensory cortex. Exp Brain Res. 1998;123(3):315-322,
http://dx.doi.org/10.1007/s002210050574.



dx.doi.org/10.2340/16501977-0155
dx.doi.org/10.2340/16501977-0155
dx.doi.org/10.1177/0269215509353265
dx.doi.org/10.5539/gjhs.v4n2p87
dx.doi.org/10.5539/gjhs.v4n2p87
dx.doi.org/10.1590/bjpt-rbf.2014.0030
dx.doi.org/10.1590/bjpt-rbf.2014.0030
dx.doi.org/10.1007/s002210050574

Trunk muscle performance post stroke

237

6.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Karatas M, Cetin N, Bayramoglu M, Dilek A. Trunk mus-
cle strength in relation to balance and functional dis-
ability in unihemispheric stroke patients. Am J Phys
Med Rehabil. 2004;83(2):81-87, http://dx.doi.org/10.1097/
01.phm.0000107486.99756.c7.

. Tanaka S, Hachisuka K, Ogata H. Muscle strength of

trunk flexion-extension in post-stroke hemiplegic patients.
Am J Phys Med Rehabil. 1998;77(4):288-290, http://dx.
doi.org/10.1097/00002060-199807000-00005.

. G M Janssen W, B Bussmann J, Stam H. Determinants of the sit-

to-stand movement: a review. Phys Ther. 2002;82(9):866-879,
http://dx.doi.org/10.1093/ptj/82.9.866.

. Burnett D, Campbell-Kyureghyan N, Cerrito P, Quesada P.

Symmetry of ground reaction forces and muscle activity in
asymptomatic subjects during walking, sit-to-stand, and stand-
to-sit tasks. J Electromyogr Kinesiol. 2011;21(4):610-615,
http://dx.doi.org/10.1016/j.jelekin.2011.03.006.

Leardini A, Biagi F, Merlo A, Belvedere C, Benedetti
M. Multi-segment trunk kinematics during locomotion and
elementary exercises. Clin Biomech. 2011;26(6):562-571,
http://dx.doi.org/10.1016/j.clinbiomech.2011.01.015.

Miura M, Seki K, Ito O, Handa Y, Kohzuki M. Electrical stimula-
tion of the abdomen preserves motor performance in the inac-
tive elderly: a randomized controlled trial. Tohoku J Exp Med.
2012;228(2):93-101, http://dx.doi.org/10.1620/tjem.228.93.
Moreau N, Gannotti M. Addressing muscle performance
impairments in cerebral palsy: implications for upper extrem-
ity resistance training. J Hand Ther. 2015;28(2):91-100,
http://dx.doi.org/10.1016/j.jht.2014.08.003.

Amaral G, Marinho H, Ocarino J, Silva P, Souza T,
Fonseca S. Muscular performance characterization in ath-
letes: a new perspective on isokinetic variables. Braz J
Phys Ther. 2014;18(6):521-529, http://dx.doi.org/10.1590/
bjpt-rbf.2014.0047.

Dvir Z. Isokinetics. Edinburgh: Churchill Livingstone; 2004.
Blackburn M, van Vliet P, Mockett S. Reliability of mea-
surements obtained with the modified ashworth scale in
the lower extremities of people with stroke. Phys Ther.
2002;82(1):25-34, http://dx.doi.org/10.1093/ptj/82.1.25.
Harris J, Eng J. Paretic upper-limb strength best explains arm
activity in people with stroke. Phys Ther. 2007;87(1):88-97,
http://dx.doi.org/10.2522/ptj.20060065.

Faria C, Teixeira-Salmela L, Nadeau S. Predicting levels of basic
functional mobility, as assessed by the Timed ‘‘Up and Go’’
test, for individuals with stroke: discriminant analyses. Dis-
abil Rehabil. 2012;35(2):146-152, http://dx.doi.org/10.3109/
09638288.2012.690497.

Center for disease Control, Prevention. Physical activity
trends — United States, 1990-1998. JAMA. 2001;285(14):1835,
http://dx.doi.org/10.1001/jama.285.14.1835-jwr0411-3-1.
The mini-mental state examination in an outpatient

population: influence of literacy. Arq Neuropsiquiatr.
1994;52(March (1)):1-7, http://dx.doi.org/10.1590/5S0004-
282X1994000100001.

Verheyden G, Nieuwboer A, De Wit L, et al. Trunk perfor-
mance after stroke: an eye catching predictor of functional
outcome. J Neurol Neurosurg Psychiatry. 2007;78(7):694-698,
http://dx.doi.org/10.1136/jnnp.2006.101642.

Maki T, Quagliato EMAB, Cacho EWA, et al. Reliability study
on the application of the Fugl-Meyer Scale in Brazil. Rev Bras
Fisioter. 2006;10(2):177-183.

Madsen O. Trunk extensor and flexor strength measured by
the cybex 6000 dynamometer. Spine. 1996;21(23):2770-2776,
http://dx.doi.org/10.1097/00007632-199612010-00012.
Winter D. Biomechanics and Motor Control of Human Move-
ment. Hoboken, NJ: Wiley; 2009.

Aquino C, Vaz D, Bricio R, Silva P, Ocarino J, Fonseca S. The
use of isokinetic dynamometry in sports and rehabilitation

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

sciences. Braz J Sci Movement. 2007;15(1):93-100 [in Por-
tuguese].

Portney G, Watkins P. Foundations of Clinical Research:
Applications to Practice. 3rd ed. New Jersey: Prentice-Hall;
2009.

Karthikbabu S, Chakrapani M, Ganeshan S, Rakshith KC,
Nafeez S, Prem V. A review on assessment and treatment
of the trunk in stroke: a need or luxury. Neural Regen
Res.  2012;7(25):1974-1977,  http://dx.doi.org/10.3969/
j.issn.1673-5374.2012.25.008.

Butler EN, Evenson KR. Prevalence of physical activity and
sedentary behavior among stroke survivors in the United
States. Top Stroke Rehabil. 2014;21(3):246-255, http://dx.
doi.org/10.1310/tsr2103-246.

Boukadida A, Piotte F, Dehail P, Nadeau S. Determinants
of sit-to-stand tasks in individuals with hemiparesis post
stroke: a review. Ann Phys Rehabil Med. 2015;58(3):167-172,
http://dx.doi.org/10.1016/j.rehab.2015.04.007.
Hodt-Billington C, Helbostad J, Moe-Nilssen R. Should trunk
movement or footfall parameters quantify gait asymmetry in
chronic stroke patients? Gait Posture. 2008;27(4):552-558,
http://dx.doi.org/10.1016/j.gaitpost.2007.07.015.

Silva P, Quintino L, Franco J, Rodrigues-de-Paula F, Albu-
querque de AraGjo P, Faria C. Trunk kinematics related
to generation and transfer of the trunk flexor momentum
are associated with sit-to-stand performance in chronic
stroke survivors. NeuroRehabilitation. 2017;40(1):57-67,
http://dx.doi.org/10.3233/nre-161390.

Aguiar L, Martins J, Lara E, Albuquerque J, Teixeira-Salmela
L, Faria C. Dynamometry for the measurement of grip,
pinch, and trunk muscles strength in subjects with suba-
cute stroke: reliability and different number of trials. Braz
J Phys Ther. 2016;20(5):395-404, http://dx.doi.org/10.1590/
bjpt-rbf.2014.0173.

Carvalho-Pinto B, Faria C. Health, function and dis-
ability in stroke patients in the community. Braz J
Phys Ther. 2016;20(4):355-366, http://dx.doi.org/10.1590/
bjpt-rbf.2014.0171.

Progression Models in Resistance Training for Healthy Adults.
Med Sci Sports Exerc. 2009;41(3):687-708, http://dx.doi.org/
10.1249/mss.0b013e3181915670.

Wist S, Clivaz J, Sattelmayer M. Muscle strengthening for
hemiparesis after stroke: a meta-analysis. Ann Phys Reha-
bil Med. 2016;59(2):114-124, http://dx.doi.org/10.1016/
j.rehab.2016.02.001.

Hendrey G, Holland A, Mentiplay B, Clark R, Williams G. Do
trials of resistance training to improve mobility after stroke
adhere to the American College of Sports Medicine guide-
lines? A systematic review. Arch Phys Med Rehabil. 2017,
http://dx.doi.org/10.1016/j.apmr.2017.06.021.
Cabanas-valdés R, Cuchi GU, Bagur-Calafat C. Trunk train-
ing exercises approaches for improving trunk performance
and functional sitting balance in patients with stroke: a
systematic review. NeuroRehabilitation. 2013;33(4):575-592,
http://dx.doi.org/10.3233/NRE-130996.

Sorinola 10, Powis |, White CM. Does additional exer-
cise improve trunk function recovery in stroke patients?
A meta-analysis. NeuroRehabilitation. 2014;35(2):205-213,
http://dx.doi.org/10.3233/NRE-1411.

Likhi M, Jidesh VV, Kanagaraj R, George JK. Does trunk,
arm, or leg control correlate best with overall function
in stroke subjects? Top Stroke Rehabil. 2013;20(1):62-67,
http://dx.doi.org/10.1310/tsr2001-62.

Dogru Huzmeli E, Yildirim SA, Kilinc M. Effect of sensory training
of the posterior thigh on trunk control and upper extremity
functions in stroke patients. Neurol Sci. 2017;38(4):651-657,
http://dx.doi.org/10.1007/s10072-017-2822-z.



dx.doi.org/10.1097/01.phm.0000107486.99756.c7
dx.doi.org/10.1097/01.phm.0000107486.99756.c7
dx.doi.org/10.1097/00002060-199807000-00005
dx.doi.org/10.1097/00002060-199807000-00005
dx.doi.org/10.1093/ptj/82.9.866
dx.doi.org/10.1016/j.jelekin.2011.03.006
dx.doi.org/10.1016/j.clinbiomech.2011.01.015
dx.doi.org/10.1620/tjem.228.93
dx.doi.org/10.1016/j.jht.2014.08.003
dx.doi.org/10.1590/bjpt-rbf.2014.0047
dx.doi.org/10.1590/bjpt-rbf.2014.0047
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0265
dx.doi.org/10.1093/ptj/82.1.25
dx.doi.org/10.2522/ptj.20060065
dx.doi.org/10.3109/09638288.2012.690497
dx.doi.org/10.3109/09638288.2012.690497
dx.doi.org/10.1001/jama.285.14.1835-jwr0411-3-1
dx.doi.org/10.1590/S0004-282X1994000100001
dx.doi.org/10.1590/S0004-282X1994000100001
dx.doi.org/10.1136/jnnp.2006.101642
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0300
dx.doi.org/10.1097/00007632-199612010-00012
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0310
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0315
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
http://refhub.elsevier.com/S1413-3555(17)30149-1/sbref0320
dx.doi.org/10.3969/j.issn.1673-5374.2012.25.008
dx.doi.org/10.3969/j.issn.1673-5374.2012.25.008
dx.doi.org/10.1310/tsr2103-246
dx.doi.org/10.1310/tsr2103-246
dx.doi.org/10.1016/j.rehab.2015.04.007
dx.doi.org/10.1016/j.gaitpost.2007.07.015
dx.doi.org/10.3233/nre-161390
dx.doi.org/10.1590/bjpt-rbf.2014.0173
dx.doi.org/10.1590/bjpt-rbf.2014.0173
dx.doi.org/10.1590/bjpt-rbf.2014.0171
dx.doi.org/10.1590/bjpt-rbf.2014.0171
dx.doi.org/10.1249/mss.0b013e3181915670
dx.doi.org/10.1249/mss.0b013e3181915670
dx.doi.org/10.1016/j.rehab.2016.02.001
dx.doi.org/10.1016/j.rehab.2016.02.001
dx.doi.org/10.1016/j.apmr.2017.06.021
dx.doi.org/10.3233/NRE-130996
dx.doi.org/10.3233/NRE-1411
dx.doi.org/10.1310/tsr2001-62
dx.doi.org/10.1007/s10072-017-2822-z

	Trunk flexor and extensor muscle performance in chronic stroke patients: a case–control study
	Introduction
	Methods
	Participants
	Measurements
	Procedures
	Data analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


