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Relationship between lower extremity muscle strength and dynamic
balance in people post-stroke
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Summary. The purpose of this study was to determine how lower extremity muscle
weakness is related to post-stroke difficulties in balancing.

Methods. Dynamic balance of 30 people post-stroke and 30  neurologically sound people
was assessed by the Functional Reach Test and the Timed Up and Go Test. Bilateral lower
extremity muscle strength was measured in classical manual muscle testing positions using a
Lafayette instrument.

Results. There was a weak correlation between lower extremity muscle strength and the
Functional Reach Test: from r=0.05 to r=0.53 for the impaired extremity and from r=0.23
to r=0.53 for the sound extremity. Control group results were from r=0.51 to r=0.86. The
correlation between lower extremity muscle strength and the Timed Up and Go Test was
from r=–0.33 to r=–0.64 for the impaired extremity and from r=–0.35 to r=–0.58 for the
sound extremity. Control group results in this testing situation were from r=–0.63 to r=–
0.90.

Conclusion. The results of the study indicate that the loss of lower extremity muscle
strength as a result of cerebrovascular accident has a poor influence on dynamic balance
problems in people post-stroke.

MEDICINA (2003) Vol. 39, No. 2 - http://medicina.kmu.lt

Correspondence to I. Kligytė, Kløvervænget 20A, 902; 5000 Odense C; Danija. E-mail: kligyte@sol.dk

Introduction
Research reveals that many factors, such as timing

and force scaling problems, sensory loss, abnormal
muscle tone, loss of sensory and anticipatory postural
control, also secondary post-store factors, such as
muscle shortening, muscle atrophy, limitations of range
of motion, and biomechanical alignment contribute to
the difficulties of dynamic balancing in post-stroke
population (1-3). This study concentrated only on the
impact of the main sign of cerebrovascular accident
(CVA) – decreased or lost ability to generate muscle
contraction force and its relationship with dynamic
balance.

Concepts about the correlation between dynamic
balance and muscle strength in post-stroke patients
are contradictory. Bobath (4) and Davies (5) claim that
regaining trunk muscle control to enhance dynamic
balance is the key point of CVA rehabilitation.

However, recent research confirms that trunk
muscles control is relatively intact after unilateral hemi-
sphere lesions. Carr and Shepherd’s (6) electromyo-
graphy (EMG) results revealed bilateral responses in
axial muscles (rectus abdominis), but only contralateral
responses in upper extremities. Dickstein et al. (7) ob-

tained similar results. EMG study of concentric and ec-
centric contractions of rectus abdominis and lumbar
erector spinae muscles (in 41 survivors of unilateral
thromboembolic CVA in anterior brain circulation and
20 neurologically non-impaired controls) showed syn-
chronization between EMG records of bilateral axial
muscles, indicating a common drive simultaneously
subserving bilateral motor neuron pools. No statistically
significant difference was found between the results of
people post-stroke and the control group. Dickstein et
al. (7) presents a challenging theoretical idea: in the case
of bilateral trunk muscle innervation, people with unilat-
eral strokes might have deterioration in the activation of
trunk muscles on both the contralateral and the ipsilat-
eral body side. However, no studies are available to
deny or support this idea.

According to Carr & Shepherd (6) it is lower
extremity muscles that control the movements of trunk
over the base of support. The decreased trunk
movements seen as a person post-stroke reaches out
in sitting, reflects a reluctance to move the body mass
too far towards the periphery of the base of support
because of insecurity that results from difficulty
stabilizing the lower extremity.
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The investigated research hypothesis was that
lower extremity strength of people post-stroke corre-
lated strong with dynamic standing balance, sit-stand
transitions and walking.

Material and methods
Data was gathered at the Pacific University, Forest

Grove, Oregon, USA in 2001 and in Kaunas University
of Medicine Hospital in 2002. The project was in
accordance with ethical standards on human
experiments of Helsinki Declaration of 1975 (as revised
in 1983).

 Thirty-three people post-stroke served as subjects.
Thirty neurologically sound people corresponding the
post-stroke group by age and gender served as a con-
trol group. Of the post-stroke volunteers who met the
selection criteria, three were excluded because of their
inability to lie prone for muscle strength testing proce-
dure or severe ataxia. The selection criteria included:
1. Cerebrovascular accident happened in the pool of

the middle or anterior artery;
2. To be able to perceive and follow the directions;
3. To be able to walk for 10 meters unassisted

(subjects could use their customary walking aid and
brace);

4. To be able to stand for at least one minute unassisted
and without a walking aid

5. To have no orthopedic problems affecting lower
extremities;

6. To have at least 90 degrees of nonparetic shoulder
motion.
The subjects in the both groups were between the

ages of 49 and 89 (X=70.6; S=9.7). The sample in-
cluded 18 women and 12 men in each group. Post-
stroke subjects had experienced cerebrovascular ac-
cident between 14 and 180 months ago (X=59.0;
S=48.0). Thirteen post-stroke subjects had right hemi-
paresis and 17 had left hemiparesis. Twenty-three post-
stroke subjects used a walking aid, 8 used ankle brace
during the testing procedures. None of the control group
subjects used any compensatory aid.

All the tests were performed in the order described.
The Timed Up and Go Test was used to test the

time needed for subjects to get from a chair (seat height
46 cm), walk a distance of 3 meters, turn, walk back
and sit down on the chair at a comfortable speed. The
time was measured in seconds using a stopwatch from
the moment of giving the command to start (subjects
sitting with their back against the chair) until the
moment the subject sat down on the chair with their
back against the chair. Subjects were allowed to use
their customary walking aid. No physical assistance

was given, though the tester was guarding the subjects
in case of loss of balance. Subjects performed one
practice trial prior the test trial.

The Functional Reach Test was used to measure
the maximum distance that subjects could reach for-
ward horizontally beyond arm’s length while maintain-
ing a fixed base of support in standing with comfort-
able stance width. Subjects were not allowed to use
any assistive device. Subjects reached with their
nonparetic arm parallel to a tape measure fixed to a
wall at the height of their acromion. The fingers were
flexed, making a fist. The distance moved by the third
metacarpal from the start position to the position at
the end of the reach was measured in centimeters.
No attempt was made to control the subjects’•
method of reach. The upper extremity was not allowed
to contact the wall during the reach. If the subject
touched the wall or took a step during testing, the trial
was repeated. Subjects performed one practice trial
prior to two test trials. The scores of the two test trials
were averaged. The tester guarded the subjects in case
of loss of balance.

Bilateral lower extremity strength was tested in
classical manual muscle testing positions (supine, prone
and sitting), using a Lafayette instrument (Lafayette
Instrument Corp., USA). The Lafayette instrument
placement was according to Daubney and Culham (8),
Andrews et al. (9) and Bohannon (10), since they have
reported validity and reliability. The tester stabilized
the dynamometer load manually to ensure an isomet-
ric test. The test was performed on the nonparetic
lower extremity first. Subjects performed one prac-
tice trial prior to three test trials for each of the 10
lower extremity movements tested. Each trial lasted
4-5 seconds to allow the subjects to generate their
maximum available force. A 30 second break followed
every trial. The average of three test trials was scored.

For the statistical analysis of data Spearman’s
correlation and t-test were used. The data or the
difference between the groups was considered to be
statistically significant at p<0.05. All the statistics was
performed using statistical package “SPSS-10”.

Results
The was no statistically significant difference

between the strength of right and left lower extremity
in the control group, so the measurements of the right
extremity were used for the further comparisons.

As it was expected, post-stroke survivors’ sound
extremity was statistically significantly stronger than
the impaired one. Nevertheless, in the comparison with
the control group both post-stoke survivors’ extremities
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generated a significantly lower power. The force values
for the impaired extremity were 37.4-87.0% lower than
the values for the control group extremity and the
forces values for the sound extremity were 8.8-41.7%
lower than the values for the control group extremity.
There was no statistically significant difference
between the groups only for the strength of hip
extensors. The averages of the lower extremity muscle
strength are presented in  Figure 1.

Post-stroke group performed significantly worse
than the control group in the Functional Reach Test
and the Timed Up and Go Test. The averages of the
results are presented in the Figure 2 and Figure 3.

Table presents Spearman’s correlation between
lower extremity muscle performance and the
Functional Reach Test and the Timed Up and Go Test.
Post-stroke group data showed no correlation (r=0.05)
to weak (r=0.53) correlation between the Functional
Reach Test results and the strength of separate
muscles of lower extremity. The highest correlation
was between the Functional Reach Test results and
the force produced by the sound extremity ankle
invertors (r=0.53) and knee extensors (r=0.50).  The
highest correlation between the Functional Reach Test
results and muscle force in the impaired extremity was
for knee extension (r=0.57) and hip flexion (r=0.45).
There was a strong correlation between the control
group’s lower extremity muscle strength and the
Functional Reach Test (from r=0.51 to r=0.86). The
correlation was statistically significantly different
between post-stroke and control group, except for the
sound ankle inversion and eversion. It is interesting to
notice that the correlation between the Functional

Fig. 1. Lower extremity muscle strength
1 – hip flexion; 2 – hip extension; 3 – hip adduction; 4 – hip abduction; 5 – knee flextion; 6 – knee extension;
7 – ankle dorsiflexion; 8 – ankle plantarflexion; 9 – ankle eversion; 10 – ankle inversion.

Fig. 2. The Functional Reach Test results

Fig. 3. The Timed Up and Go Test results

Reach Test results and hip extension, as well as knee
flexion was not statistically significant both on sound
extremity and impaired one.

Correlation between the Timed Up and Go Test
results and lower extremity muscle strength was from
weak (r=-0.33) to fair (r=-0.64). The highest
correlation between the Timed Up and Go Test results
and the strength of sound lower extremity was on the
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 Table. Spearman’s Correlation Coefficients (r): the Functional Reach Test and the strength
of lower extremity muscle groups. The Timed Up and Go Test and the strength

of lower extremity muscle groups

Low extremities movements Functional Reach Test Timed Up and Go Test

Hip flexion:
Sound r = 0.44* r = –0.52*
Impared r = 0.45* r = –0.64*
Control group (right) r = 0.80* r = –0.86*

Hip extension:
Sound r = 0.34 r = –0.44*
Impared r = 0.30 r = –0.33*
Control group (right) r = 0.80* r = –0.90*

Hip adduction:
Sound r = 0.47* r = –0.47*
Impared r = 0.39* r = –0.44*
Control group (right) r = 0.83* r = –0.86*

Hip abduction:
Sound r = 0.30 r = –0.35*
Impared r = 0.32* r = –0.52*
Control group (right) r = 0.72* r = –0.83*

Knee flexion:
Sound r = 0.23 r = –0.39*
Impared r = 0.05 r = –0.46*
Control group (right) r = 0.70* r = –0.81*

Knee extension:
Sound r = 0.50* r = –0.57*
Impared r = 0.57* r = –0.52*
Control group (right) r = 0.82* r = –0.89*

Ankle dorsiflexion:
Sound r = 0.44* r = –0.58*
Impared r = 0.06 r = –0.46*
Control group (right) r = 0.86* r = –0.87*

Ankle plantarflexion::
Sound r = 0.33 r = –0.42*
Impared r = 0.38* r = –0.57*
Control group (right) r = 0.84* r = –0.88*

Ankle inversion:
Sound r = 0.53* r = –0.57*
Impared r = 0.07 r = –0.40*
Control group (right) r = 0.51* r = –0.63*

Ankle eversion:
Sound r = 0.45* r = –0.45*
Impared r = 0.10 r = –0.42*
Control group (right) r = 0.59* r = –0.63*

*Statistically significant (at p<0.05).

Relationship between lower extremity muscle strength and dynamic balance
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same muscle groups as it was in the Functional Reach
Test results: ankle dorsiflexion (r=-0.58) and ankle
inversion (r=-0.57). The highest correlation between
the Timed Up and Go Test results and impaired lower
extremity was for hip flexion (r=-0.64) and ankle
plantarflexion (r=-0.57). Control group data showed a
strong correlation between the lower extremity muscle
strength and the Timed Up and Go Test   (from r=-
0.63 to r=-0.90). Correlation between post-stroke and
control groups differed statistically significantly.

Discussion
The data demonstrated that post-stoke people’s

mean ability to balance while reaching forward was
53% of that of healthy elderly individuals. Similar re-
sults are presented by Dunkan et al (11) and Giorgetti
et al (12). As an average they required 5 times longer
time to perform the Timed Up and Go Test in the com-
parison with healthy elderly individuals (18). This is in
comparison with Podsiadlo& Richardson (13) results.

The results of the study show that people post-
stroke experience muscle strength weakness or loss
not only in the lower extremity contralateral to the
impaired hemisphere, but in the ipsilateral, too. This
might be an outcome of post-stroke hypomobility or it
might as well serve as an evidence for the existence
of ipsilateral activation of extremities, which is impaired
by cerebrovascular accident in one of the hemispheres.

Correlation between dynamic balance tests results
and the lower extremity muscle strength measures
obtained in this study were comparable to the outcomes
of the previous research of post-stroke people (14-
17). The relationship between dynamic balance, which
was assessed using the Functional Reach Test and
the Timed Up and Go Test, and lower extremity muscle
strength in post-stroke people was weak. However,
the correlation in neurologically intact people was
strong.

Hamrin et al. (18) also reported a weak correla-
tion between post-stroke people lower extremity
muscle strength and balance when tested on balance
platform (from r=0.28 to r=0.53). Bohannon study of
subjects post-stroke (15) demonstrated fair correla-
tion (r=0.78) between gait performance, categorized
according to the assistance needed to walk over 150
feet and the strength of hip flexors in both of the ex-
tremities. Bohannon & Walsh (17) reported a fair cor-
relation (r=0.67) between comfortable gait speed and
the strength of impaired extremity knee extensors of
people post-stroke and also a fair correlation (r=0.74)
with the strength of knee extensors of the sound lower
extremity. Research of post-stroke and healthy people

show slightly stronger relationships between lower
extremity muscle strength and walking performance
than with dynamic standing balance (18-20).

Even though plantarflexors are considered to play
a dominant role in the locomotion in healthy (8, 21) and
post-stroke subjects (16, 20) the results of our study
demonstrated a fairly weak correlation between bal-
ancing in walking and the plantarflexors strength of
the impaired extremity (r=-0.57). It is comparable to
of Nadeau et al. (14) study of post-stroke population,
that demonstrated low correlation between bilateral
plantarflexor strength and the Timed Up and Go Test
performance  (for impaired extremity r=-0.43, for
healthy extremity r=-0,30).

Weak correlation obtained in this study leads to the
conclusion, that apparently individuals can produce the
same level of balance by using different strategies,
which might include compensations within muscle
groups of the impaired side as well as the compensa-
tions of the sound extremity. It also means that fac-
tors other than strength affect balance. Using post-
stroke subjects, Karlsson & Fryberg (22) reported good
correlation between balance and proprioception
(r=0.74), between balance and muscle tone (r=0.69)
and fair correlation between balance and somatosen-
sory integration (r=0.55). Alterations of postural ad-
justments, reduction of selective movements, muscu-
lar incoordination, biomechanical misalignments, sec-
ondary muscular disorders, visual and vestibular im-
pairments, pain and psychosocial issues have been
previously described in people post-stroke (1, 4-6, 17,
22-24). All of these problems could affect, separately
or in combination balance and should be considered in
order to explain the weak relationship between muscle
strength and balance.

Brown et al. (24) analyzed ambulation abilities of
healthy but frail elderly people and found a stronger
correlation (r=-0.74) between standing up from a 14-
inch chair and the strength of hip, knee extensors and
ankle plantarflexors than the correlation between gait
speed (r=0.62) and the strength of the same muscles.
They concluded that the relationship between muscle
strength and gait is weak due to low walking speeds.
Olney et al. (16) study of people post-stroke provided
evidence that the greater the gait speed, the greater
the relationship between gait and the strength of ankle
plantarflexors, hip and knee flexors. The correlation
was higher on the impaired side.

The fact that subjects were walking at their com-
fortable speed – not at maximum available speed –
while performing the Timed Up and Go Test could
partly explain the low correlation found in our study.
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Moreover, there was a discrepancy between the sub-
jects’ attempts to perform in different testing proce-
dures: submaximal efforts in the Timed Up and Go
Test and maximal available isometric muscle contrac-
tion in lower extremity muscle strength testing.

  Weak correlation between the Functional Reach
Test and lower extremity muscle strength obtained in
our study might be partly explained by the fact that no
measures were taken to control the subjects’ strategy
of reaching forward. The authors observed that a few
subjects used hip strategy and, despite having weaker
lower extremities, did better on the Functional Reach
Test than the ones who had relatively stronger lower
extremity muscles and used ankle strategy. However,
this observation was not measured or systematically
documented, so drawing any significant conclusions is
limited.

Another factor that might have had contributed to
decreasing the level of the relationship between the
muscle strength and dynamic balance, is the assess-
ment of the strength of isolated muscle groups, instead
of assessing synergistic muscle groups. Keenan et al.
(25) demonstrated that due to impairment of volun-
tary control, individuals post-stroke produce less power
under isolated movement testing conditions than in
functional activity situations. In addition, muscle
strength in our study was tested in lying, which ex-
cluded motor control aspects, such as feed-forward
postural adjustments and anticipatory postural adjust-
ments, and biomechanical aspects, such as interaction
of active and passive forces, that is required for ad-
equate force generation in functional activity, such as
standing.

The study results might also have been impacted
by the variability in both subjects’ age and in time past
the onset of stroke. However, according to Keenan et
al. (25) study, age of the subjects and time past the
onset of the stroke did not demonstrate a significant
effect on balance reactions; neither did gender.

Finally, it is unknown what balance test assesses
what aspect of postural control. There are a variety
of balance assessment tools, but as research shows,
the scores on the assessments bear little relationship
to each other, in both the healthy and post-stroke popu-
lations (11, 22, 23). Thus, the weak correlation be-
tween lower extremity muscle strength and dynamic
balance, which was assessed by the Functional Reach
Test and the Timed Up and Go Test, should not be
generalized for the balance assessments of post-stroke
population. Further research on balance assessment
tools, in order to find the aspects of balance they are
testing, might show interesting results in the terms of
relationship with lower extremity muscle strength.

Conclusions
1. Survivors of cerebrovascular accident experi-

ence force production problems both in the contralat-
eral and ipsilateral to the impaired hemisphere lower
extremity.

2. Weakness or loss of lower extremity muscle
strength as a result of cerebrovascular accident has a
poor influence on dynamic balance problems in people
post-stroke.

3. Post-stoke dynamic balance problems can not
be solved by using only lower extremity muscle strength
building means.

Relationship between lower extremity muscle strength and dynamic balance
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Ryšys tarp patyrusiųjų galvos smegenų infarktą apatinių galūnių
raumenų jėgos ir dinaminės pusiausvyros
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Raktažodžiai: galvos smegenų infarktas, pusiausvyros valdymas, raumenų jėga.

Santrauka. Šio darbo tikslas – nustatyti, kaip patyrusių galvos smegenų infarktą žmonių apatinių galūnių
raumenų silpnumas susijęs su dinamine pusiausvyra.

Metodai. Tyrime dalyvavo 30 galvos smegenų infarktą patyrusių žmonių. Kontrolinę grupę sudarė 30
neurologinių sutrikimų neturinčių žmonių. Jų dinaminė pusiausvyra buvo tiriama „Funkcinio siekimo“, „Stotis ir
eiti“ testais. Abipusė apatinių galūnių raumenų jėga buvo matuojama įprastinėse raumenų testavimo padėtyse
naudojant Lafayette aparatą.

Rezultatai. Koreliacija tarp patyrusiųjų galvos smegenų infarktą apatinių galūnių raumenų jėgos ir „Funkcinio
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siekimo“ testo rezultatų buvo nuo r=0,05 iki r=0,53 pažeistos galūnės ir nuo r=0,23 iki r=0,53 sveikos galūnės.
Kontrolinės grupės rezultatai: nuo r=0,51 iki r=0,86. Koreliacija tarp patyrusiųjų galvos smegenų infarktą apatinių
galūnių raumenų jėgos ir „Stotis ir eiti“ testo rezultatų buvo nuo r=–0,33 iki r=–0,64 pažeistos galūnės ir nuo
r=–0,35 iki r=–0,58 sveikos galūnės. Kontrolinės grupės rezultatai buvo nuo r=–0,63 iki r=–0,90.

Išvada. Šio tyrimo duomenimis, smegenų infarktą patyrusių žmonių apatinių galūnių raumenų jėgos
susilpnėjimas arba jos praradimas menkai daro įtaką sveikos pusės dinaminės pusiausvyros sutrikimams, kurių
atsiranda po galvos smegenų infarkto.
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