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Objective: To investigate the relationship between the torque onset angle (TOA) of the isoki-
netic test for knee extensors in the paretic side and walking related balance in subacute
stroke patients.

Methods: We retrospectively reviewed patients with first-ever strokes who have had at least
two isokinetic tests within 6 months of onset. 102 patients satisfied the inclusion criteria. The
characteristics of walking related balance were measured with the Berg Balance Scale sub-
score (sBBS), Timed Up and Go test (TUG), 10-m Walk Test (10MWT) and Functional Indepen-
dence Measure sub-score (sFIM). The second isokinetic test values of the knee extensor such
as peak torque, peak torque to weight ratio, hamstring/quadriceps ratio, TOA, torque stop an-
gle, torque at 30 degrees, and peak torque asymmetry ratio between paretic and non-paretic
limb were also taken into account. Pearson's correlation, simple regression and multiple re-
gression analysis were used to analyze the correlation between TOA and walking related bal-
ance.

Results: TOA of the knee extensor of the paretic limb showed significant correlations with
BBS, sBBS, TUG, 10MWT, and sFIM according to Pearson's correlation analysis. TOA also had
moderate to good correlations with walking related balance parameters in partial correlation
analysis. In multiple regression analysis, TOA of the paretic knee extensor was significantly
associated with walking related balance parameters.

Conclusion: This study demonstrated that TOA of the paretic knee extensor is a predictable
parameter of walking related balance. Moreover, we suggest that the ability to recruit muscle
quickly is important in walking related balance.
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tients, there are long-term muscle changes such as loss in mus-

cle mass and increased intramuscular fat deposition affecting

Stroke is one of the most common causes of high mortality and
long-term disability worldwide [1]. The sequelae of a stroke are
variable and depend on the types of brain lesions. In stroke pa-
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walking related balance. Stroke patients have reduced functional
capacity and ability to perform activities of daily living includ-
ing transfers and locomotion [2,3]. The loss of balance in stroke
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patients is caused by complex factors including sensory impair-
ment, reduced body awareness, and cognitive impairment, but
one of the most prominent causes is lower extremity weakness
[2,4].

Furthermore, several studies showed significant correlations
between knee extensor torque and functional movement [2,4,5].
Muscle activation capacity as well as muscle strength is strongly
related to functional performance such as standing-up perfor-
mance, transfer capacity, gait, and stair climbing speeds [2,4,5].

Isokinetic dynamometry measures the muscular forces that
accompany constant angular velocity limb movements in vari-
able joints and it is a reliable test for evaluating muscle strength
in patients with stroke [6]. Kristensen et al. [7] suggested that
both paretic and non-paretic lower extremity strengths evaluat-
ed by the isokinetic device were correlated with walking related
balance. Peak torque (PT) is considered to have good test-retest
reliability as PT measures the maximal muscle force when the
angle for knee flexion is in the range of 70° to 80° [8]. In other
words maximum voluntary torque is known to be angle-depen-
dent [9].

The rate of force development (RFD) is another parameter
that examines how quickly force can be exerted [10]. The RFD
measured by a handheld dynamometer during isometric con-
traction of the paretic knee extensor is established to predict the
gait speed in stroke patients [10]. One study presented that the
RFD during the first 150 ms of isometric knee extension helps
predict gait speed better than PT after stroke [11]. Osawa et al.
[12] reported that RFD was a significant predictor of gait speed
during a 6m walk at usual and fast pace and time to complete 5
and 10 chair sit to stand tests in elderly men. Schlenstedt et al.
[13] have confirmed the relationship between the enhancement
of RFD and the improvement of postural control. Granacher et
al. [14] reported that balance training resulted in significantly
improved postural control, increased jumping height and en-
hanced RFD of the leg extensors. While explosive strength is
the ability to make a torque as quickly as possible [15], explosive
voluntary torque has been reported to be angle-independent
during the early phase (<75 ms) of contraction [16]. Maffiuletti
et al. [17] reported that the RFD is determined by the capacity
to produce maximal voluntary activation in the first 50 to 75 ms
of explosive muscle contractions, which is the ability to increase
motor unit recruitment and discharge rate. Moreover, Lodha
et al. [18] demonstrated that motor control such as agility and
accuracy is more meaningful than strength in predicting func-
tional mobility in high-functioning stroke individuals.
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But, Maffiuletti’s research group asserted that the RFD mea-
surement is quite difficult to come to valid and reliable eval-
uation [17]. Therefore, the purpose of this study is to identify
which parameters among the routine isokinetic test indices
are related to the explosive strength of the knee joint without
utilizing additional devices such as electromyography and time
recording dynamometer. To our knowledge, there are few stud-
ies related to TOA, and we assumed that TOA, the first detected
point of torque, of the knee extensor reflects explosive strength
in the knee extensor and it can be analogous to the RFD or
explosive strength in the early contraction phase. In addition,
because the type II muscle fiber ratio increases after stroke, we
hypothesized that TOA, as an indicator related to initial ex-
plosive strength, would be related to walking-related balance
parameters. Therefore, in this study, we studied the relationship
between TOA and gait speed as well as other walking related
balance parameters in stroke patients.

METHODS

Participants
We retrospectively reviewed stroke patients admitted to the re-
habilitation unit in our institution from June 2010 to February
2020. The inclusion criteria were as follows: patients who (1)
experienced a first-ever stroke; (2) were hemiplegic and had
been diagnosed with hemorrhagic or ischemic supratentorial
stroke using computed tomography or magnetic resonance
imaging; (3) had post-onset duration less than 6 months; (4)
had an isokinetic test of the knee at least twice and had walking
related balance tests within a week of the second isokinetic test;
(5) had sufficient mental capacity to be able to participate in
the isokinetic test properly (Korean version of the Mini-Mental
State Examination, K-MMSE>24); and (6) were aged between
18 and 65 years. The following exclusion criteria were applied:
(1) quadriplegic, double hemiplegic, and paraplegic patients; (2)
patients who have ataxia; (3) patients who have any other brain
lesion; (4) patients who have a musculoskeletal disease or severe
osteoporosis that could affect walking related balance; (5) pa-
tients who have an uncontrolled medical problem; (6) patients
whose motor grade of the lower extremity of hemiplegic side by
manual muscle test were less than 3/5; (7) patients with limited
knee joint movement; and (8) spasticity of L/Ex with Modified
Ashworth Scale (MAS) grade higher than 2.

One hundred two patients satisfied the inclusion criteria. The
baseline characteristics (sex, paretic side, subtype of stroke, age,



height, weight, body mass index [BMI], K-MMSE, onset dura-
tion (i.e., time since the onset of stroke), spasticity (by MAS),
isokinetic test results and walking related balance parameters
(Berg Balance Scale sub-score [sBBS], Timed Up and Go test
[TUG], 10-m Walk Test [1I0OMWT] and Functional Indepen-
dence Measure sub-score [sFIM]) of these patients were collect-
ed retrospectively. All inpatients received physical therapy twice
a day for 30 minutes, 5 days a week for a hospitalization period
of 2 months on average, and isokinetic knee exercise of 3 times
a week. The study protocol was approved by the Institutional
Review Board (IRB) of Bundang Jesaeng Hospital (IRB No.
2022-05-008), and informed consent was waived owing to the
retrospective design of the study.

Isokinetic parameters assessment

Patients performed three trials of isokinetic knee extension at
an angle speed of 60/60 deg/sec using HUMAC NORM?® isoki-
netic dynamometer and had a 10 seconds break between each
trial. Several studies used the variable range of angular velocity
to test the knee extensor at 12 to 500 degrees/second. Specif-
ically, any speed between 60 and 180 degrees/second would
generally meet most requirements for validity and the need for
information about muscle performance [19]. Thus, we used
60 degrees/second angular velocity. In the test, patients were
asked to extend their paretic side knee as much as possible with
a tester’s verbal encouragement. In addition, we delayed the
test in case of complaints of fatigue or getting an inappropriate
moment angle position (MAP) curve pattern. We used values
from a follow-up test a month after the first test (i.e., the second
isokinetic assessment after familiarizing patients with isokinetic
exercise). Torque onset angle (TOA) is the angle at which the
initial torque was detected in the MAP curve (Fig. 1). We also
included other isokinetic parameters, such as peak torque an-
gle (PTA), difference between TSA TOA values (TSA-TOA),
PT, peak torque to weight ratio (PTWR), total work (TW),
hamstring peak torque (HPT), hamstring/quadriceps ratio (H/
Q ratio), torque stop angle (TSA), torque at 30 degrees (TA30)
and asymmetry ratio of peak torque between paretic limb and
non-paretic limb comprising non-paretic peak torque minus
paretic peak torque (PT deficit), Non-paretic peak torque/Paret-
ic peak torquex100 (PT ratio) and Non-paretic torque at 30/Paretic
torque at 30x100 (TA30 ratio) to determine which of the isokinetic
parameters correlated most with the walking related balance parame-
ters. TSA is the angle at which the last torque is detected in the MAP
curve (Fig. 1).
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Fig. 1. Moment angle position curve. TA30, torque at 30°; TOA,
torque onset angle; PTA, peak torque angle; TSA, torque stop
angle.

Walking related balance parameters assessment

The parameters of walking related balance were measured with
BBS sub-score (sBBS, turning 360° and placing alternate foot
on stool), TUG, 10MWT, FIM sub-score (sFIM, transfers and
locomotion) within a week of the isokinetic test for equivalent
functional status. Patients were also tested on auditory feedback
for maximal contraction. BBS is a 14-item assessment to eval-
uate the balance. Each item is rated on a five-point scale from
0 to 4, with a maximum score of 56. We checked sBBS consist-
ing of turning 360° and placing alternate foot on stool while
standing unsupported, which are related to the ability to initiate
movement [20]. TUG is a test that evaluates functional mobility
including static and dynamic balance. The test checks the time
(in seconds) taken for patients to get up from a chair, walk 3 m
as fast as possible, turn around, return back to the chair, and
sit down [21]. IOMWT originally assesses gait speed in meters
per second over 10 m, but instead, we measured the time taken
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to walk 10 m. Participants were asked to walk 10 m as fast as
possible and we measured the time using a stopwatch [22]. FIM
is an 18-item measurement that evaluates self-care, sphincter
control, transfers (mobility), locomotion, communication, and
social cognition with a maximum score of 126. Among these
items, we focused on transfers and locomotion items that are
related to functional mobility in sFIM [23].

Statistical analysis

Pearson’s correlation coefficient and partial correlation coeffi-
cient were used to measure the strength and direction of a lin-
ear relationship between isokinetic parameters and walking re-
lated balance parameters. We used multiple regression analysis
with stepwise (backward elimination, p>0.10 for exclusion) to
identify statistically significant isokinetic parameters associated
with walking related balance parameters. In this study, we used
IBM SPSS Statistics version 21.0 (IBM SPSS) for all statistical
analysis. A p-value of less than 0.05 was defined as statistically

significant.

RESULTS

Patient general characteristics

One hundred-two patients were enrolled. The baseline charac-
teristics of the study population are presented in Table 1. The
study population comprised 69 (67.6%) male and 33 (32.4%)
female, 52 (51%) right hemiplegia and 50 (49%) left hemi-
plegia, 53 (52%) ischemic, and 49 (48%) hemorrhagic stroke
patients. The patients’ mean age was 49.8+11.5 years. The
mean height and weight were 166.5+7.2 cm and 66.8+13.8 kg,
respectively. The mean BMI was 24.0+4.2 kg/m’. The patients’
mean K-MMSE score at the time of the test was 26.7+2.3. The
mean time since the onset of the stroke was 52.0+34.4 days.
MAS score distribution ranged from 0 to 2, with an average of
0.15%0.38.

Outcome measures

Table 2 is the results of Pearson’s correlation coefficients be-
tween walking related balance parameters and isokinetic pa-
rameters including the paretic and non-paretic sides of the
knee, and asymmetry ratio values. TOA, PT, PTWR, TW, HPT,
TSA-TOA and TA30 of the paretic limb were significantly asso-
ciated with walking related balance parameters. TOA of the pa-
retic limb showed moderate to good correlations with sBBS (r=-
0.556), TUG (r=0.646), 10MW'T (r=0.629), sFIM (r=-0.229).
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Table 1. Demographic characteristics and clinical characteristics

Characteristics Value (n=102)
Sex

Male 69

Female 33
Paretic side

Right 52

Left 50
Subtype

Ischemic 53

Hemorrhagic 49
Age (yr) 49.8+11.5 (17-65)
Height (cm) 166.5+7.2 (150-181)
Weight (kg) 66.8+13.8 (45-135)
Body mass index (kg/m?) 24.0+4.2 (16.5-44.6)
K-MMSE 26.7+2.3 (24-30)
Onset duration (day) 52.0+34.4 (24-169)
Spasticity (MAS) 0.15+0.38 (0-2)
PT (Nm)_N 88.2+30.7 (37-176)
PTWR (%)_N 133.0 +37.1 (54-229)
PT (Nm)_P 60.8+30.4 (16-168)
PTWR (%)_P 92.3+40.5 (27-224)
PT deficit 27.4+18.4 (3-94)

Values are number only or meantstandard deviation (range).

K-MMSE, Korean version of the Mini-Mental State Examination; MAS,
Modified Ashworth Scale (MAS grades of 1 was considered as 1, while a
score of 1+ was considered as 2 and so on up to a score of 4, which was
considered as 5); PT_N, non-paretic peak torque; PTWR_N, non-peak
torque weight ratio; PT_P, paretic peak torque; PTWR_P, paretic peak
torque weight ratio; PT deficit, non-paretic peak torque-paretic peak
torque.

The results of the partial correlation between isokinetic pa-
rameters of the paretic side of the knee and walking related
balance parameters adjusted by sex, age, height, weight, BMI,
MMSE, onset duration, and spasticity are presented in Table
3. As a result, TOA, TSA-TOA, TA30, PT ratio, and TA30 ra-
tio were significantly associated with walking related balance
parameters. According to guidelines provided by Portney and
Watkins, only TOA of the paretic limb showed moderate to
good correlations (r-value between 0.50 and 0.75) walking re-
lated balance parameters, while TSA-TOA, TA30, PT ratio and
TA30 ratio showed a fair correlation (r-value between 0.25 and
0.50) with walking related balance parameters [24]. Therefore,
TOA showed the highest correlation with walking related bal-
ance parameters among isokinetic parameters.

In multivariate multiple regression using TOA, PT, TSA-TOA
and TA30 as independent variables and walking related balance
parameters as dependent variables, TOA was significantly as-
sociated with walking related balance parameters (BBS, sBBS,
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Table 2. Pearson’s correlation coefficients between isokinetic parameters of the paretic, non-paretic side of knee and asymmetry and

walking related balance
Isokinetic parameters BBS sBBS TUG (s) 10MWT (s) FIM sFIM
Non-paretic
PT (Nm) 0.194 0.068 -0.208* -0.181 0.207* 0.203*
PTWR (%) 0.221* 0.108 -0.252* -0.204* 0.155 0.253*
TW(J]) 0.219* 0.108 -0.219* -0.199* 0.189 0.165
HPT (Nm) 0.071 -0.033 -0.110 -0.081 0.232* 0.186
H/Q ratio -0.178 -0.184 0.165 0.178 0.055 -0.006
TOA (°) 0.101 0.042 -0.020 0.040 0.027 0.053
TSA (°) -0.096 -0.076 0.053 0.029 -0.070 -0.104
TSA-TOA 0.038 -0.012 -0.025 -0.097 -0.048 0.010
PTA -0.134 -0.148 0.137 0.140 -0.073 -0.146
TA30 (Nm) 0.160 0.104 -0.115 -0.131 0.077 0.072
Paretic
PT (Nm) 0.242* 0.197* -0.306** -0.280** 0.191 0.213*
PTWR (%) 0.281** 0.262** -0.358** -0.317** 0.129 0.227*
TW(J) 0.297** 0.249* -0.360** -0.337* 0.174 0.216*
HPT (Nm) 0.226* 0.228* -0.302** -0.324** 0.215* 0.225*
H/Q ratio 0.052 0.118 -0.031 -0.107 0.040 0.049
TOA (°) -0.493** -0.556** 0.646** 0.629** -0.195* -0.229*
TSA (°) 0.019 0.140 -0.279** -0.246* 0.050 0.056
TSA-TOA 0.279** 0.402** -0.439** -0.470** 0.051 0.119
PTA -0.024 -0.006 0.015 0.046 0.064 0.030
TA30 (Nm) 0.308** 0.292** -0.332** -0.302** 0.119 0.158
Asymmetry
PT deficit -0.077 -0.212*% 0.160 0.160 0.030 -0.012
PT ratio 0.205* 0.300** -0.353** -0.328** 0.096 0.136
TA30 ratio 0.314** 0.339** -0.420%* -0.351** 0.153 0.207*

BBS, Berg Balance Scale; sBBS, BBS sub-score; TUG, Timed Up and Go; 10MWT, 10-m Walk Test; FIM, Functional Independence Measure; sFIM, FIM sub-
score; PT, peak torque; PTWR, peak torque weight ratio; TW, total work; HPT, hamstring peak torque; H/Q ratio, hamstring/quadriceps ratio; TOA, torque
onset angle; TSA, torque stop angle; PTA, peak torque angle; TA30, torque at 30°; PT deficit, non-paretic peak torque-paretic peak torque; PT ratio, (non-
paretic peak torque/paretic peak torque)x100; TA30 ratio, (non-paretic torque at 30/paretic torque at 30)x100.

*p<0.05 and **p<0.01.

Table 3. Partial correlation isokinetic parameters and outcomes of walking related balance evaluations for the paretic limb and

asymmetry
Isokinetic parameters BBS sBBS TUG (s) 10MWT (s) FIM sFIM
Paretic
PT (Nm) 0.189 0.144 -0.228* -0.199 0.093 0.208*
PTWR (%) 0.195 0.182 -0.240* -0.222* 0.061 0.205*
TOA (°) -0.478** -0.535** 0.634** 0.617** -0.195 -0.246*
TSA (°) 0.056 0.153 -0.314** -0.252 0.121 0.102
TSA-TOA 0.327** 0.425** -0.458** -0.480** 0.130 0.162
PTA -0.038 -0.014 0.069 0.064 0.038 0.030
TA30 (Nm) 0.254* 0.245* -0.279%* -0.236** 0.073 0.155
Asymmetry
PT ratio 0.185 0.280** -0.326%* -0.305** 0.090 0.136
TA30 ratio 0.292** 0.316** -0.401** -0.337** 0.128 0.220*

BBS, Berg Balance Scale; sBBS, subscale of BBS; TUG, Timed Up and Go; 10MWT, 10-m Walk Test; FIM, Functional Independence Measure; sFIM, sub-
scale of FIM; PT, peak torque; PTWR, peak torque weight ratio; TOA, torque onset angle; TSA, torque stop angle; PTA, peak torque angle; TA30, torque at
30°; PT ratio, (non-paretic peak torque/paretic peak torque)x100; TA30 ratio, (non-paretic torque at 30/paretic torque at 30)x100.

*p<0.05 and **p<0.01.
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Table 4. Collection of results for torque onset angle variable in multivariate multiple regression analysis (stepwise)

Adjusted R® B Standardized 3 VIF F p-value Durbin-Watson
BBS 0.236 -0.488 -0.493 1.000 32.178 <0.001 2.001
sBBS 0.302 -0.191 -0.556 1.000 44.685 <0.001 2.001
TUG 0.417 0.782 0.646 1.000 71.443 <0.001 1.971
10MWT 0.395 0.833 0.629 1.000 65.319 <0.001 1.747
sFIM 0.053 -0.234 -0.229 1.000 5.559 0.020 1.899

VIE variance inflation factor; BBS, Berg Balance Scale; sBBS, sub scale of BBS; TUG, Timed Up and Go; 10MWT, 10-m Walk Test; sFIM, sub-scale of

Functional Independence Measure.

TUG, 10MWT, sFIM) except for FIM scores (Table 4). As the
obtained variance inflation factor (VIF) values were all <2, it
was concluded that there was no significant multicollinearity
among the independent regressors. These results show that the
TOA, as an explanatory variable, is independently associated
with walking related balance parameters.

DISCUSSION

In this study, we aimed to find a new parameter to predict
walking related balance. Many stroke centers conduct isoki-
netic training for strengthening and assessing the strength of
the movement using special devices. Hence, we took the TOA
among isokinetic test results into consideration. We assumed
that it is analogous to the RFD or explosive strength in the early
contraction phase. Additionally, it is relatively easy to obtain
from the isokinetic test.

TOA

TOA of the paretic side has a moderate to good correlation co-
efficient with the walking related balance as shown in Table 2.
As far as we are concerned, the concept of TOA has not received
attention. Other studies use the time point above 2% of maxi-
mal voluntary isometric contraction as a torque onset [12,25].
Special devices are required to evaluate and measure the RFD
during isometric contraction. However, TOA is easily obtained
from the routine isokinetic test.

In terms of neuromuscular recruitment patterns, both slow,
fatigue-resistant type I and fast, more fatigable type II muscle
fibers are activated together at lower speeds. Whereas when the
speed increases, type I fibers gradually get recruited less and
eventually become inactive. Reaching 40% of the peak torque,
type II muscle fibers work the most, then the work done by type
IT muscle fibers gradually decreases, and type I fibers do all the
work [8]. TOA is likely to reflect a type II fibromuscular con-
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dition, as it is detected during initial acceleration phase of the
isokinetic test.

Hemiplegic patients have a lot of muscle abnormalities with a
combination of denervation, disuse, remodeling, and spasticity.
A decrease in muscle strength is a consequence of impaired mo-
tor unit recruitment and muscle changes such as atrophy [26,27].
Muscle tissue changes in normal aging are characterized by
changes in the distribution of fiber types, with a decrease in
type II fibers and an increase in mitochondria-rich type I fibers,
resulting in the reduction of muscle strength. In contrast to
this age-dependent muscle fiber type shift, a slow to fast fiber
type conversion has been reported in the paretic limb muscle
in stroke patients [28,29]. Muscle fibers can change their phe-
notype in response to environmental stimuli, including disuse,
neural innervation patterns, and exercise. Under conditions of
reduced muscle use and fast- frequency electrical stimulation,
a slow, fatigue-resistant type I muscle fiber can alter its pheno-
type to a fast, more fatigable type II. In stroke patients, the total
muscle fiber cross-sectional diameter decreases, and the ratio
of type II muscle fibers increases due to various reasons. Thus,
type II muscle fiber-related parameters may be a good indicator
of muscle function in stroke patients. Therefore, we suggest the
significance of TOA in predicting explosive strength in stroke
patients [30].

In stroke patients, disturbed neural control, as a result of, for
instance, impaired reciprocal inhibition, make an abnormal
coactivation of antagonistic muscles during maximal voluntary
contraction [4,31]. Abnormal muscle synergy is the cause of
impairment of balance and gait speed [32]. This abnormal mus-
cle synergy is also observed in spasticity, that is, spasticity can
also be a factor in determining the TOA value. Therefore, we
excluded patients with MAS grade 2 or higher. Rabita et al. [33]
reported acceleration amount of the isokinetic device is not suf-
ficient to generate a stretch reflex on spastic muscle, unlike the
transient acceleration of the manual displacement. Additionally,



knee flexor spasticity in our study patients was in the range of
MAS grade from 0 to 1+ (Table 1; mean, 0.15+0.38; mostly 0
and 1). Furthermore, TOA is measured in the initial phase of
motion, so MAS grade 1 or 2 spasticity is not likely to affect the
TOA.

In stroke patients, strength and function are influenced by
the onset duration, weight, center of gravity (height), spasticity,
cognition, etc. [34-37]. So we performed a partial correlation
analysis adjusted by variable factors. Table 3 shows that TOA
showed a constant correlation with walking related balance pa-
rameters.

PT, PTWR, HPT, TW and H/Q ratio and asymmetry of PT
ratio

PT, PTWR, HPT and TW which represent strength on the pa-
retic side have also a correlation with walking related balance
parameters (e.g., sSBBS, TUG, 10WT, sFIM) [38].

Both paretic and non-paretic knee extensor muscle strengths
correlated with locomotion [4,38]. But our study revealed that
parameters of the isokinetic test on the non-paretic limb did
not have a consistent relationship with the walking related bal-
ance parameters. We enrolled relatively high-function patients
who are able to walk without ambulation aid and do the isoki-
netic test properly. If we enrolled patients with severe weakness,
the isokinetic parameters of the non-paretic side might have
been related to the walking related balance parameters because
compensatory use of the intact limb is an important strategy to
overcome functional impairment of weakness.

In this study, the PT ratio of hamstring to quadriceps (H/Q
ratio) representing muscle balance was not related to walking
related balance. Generally, the quadriceps will be twice the
strength of the hamstring, and athletes have a higher H/Q ratio
[39,40]. Our patients have a similar H/Q ratio to the general
population, meaning there was no significant imbalance.

Limitations

First, our study included relatively high-functioning stroke
patients who could take isokinetic test properly, and thus, we
identified the validity of TOA in a narrow sample. Second, this
is a retrospective study, we could not control the patients’ con-
ditions such as spasticity, warm-up status, capacity, and so on.
Third, TOA is not a value that is recorded automatically from
devices. We get the value of TOA using a mathematical formula
by measuring the length from the result sheet. Therefore, there

may be measurement errors, and since one tester performed it,
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not seeing inter-tester reliability can be a limitation.

Most of all, more studies of TOA are needed to be done. TOA
is an indicator that can be measured relatively easily in the
isokinetic test, but it has not received much attention and there
are few studies related to reliability. Therefore, it seems that
more research on this seems to be needed in the future.

In conclusion, we have not been focusing on the TOA value
in the isokinetic test parameters, but TOA of the knee extensor
at the paretic limb can be a good parameter to predict walking
related balance in stroke patients. Finally, our study suggests
that the ability to recruit muscle fiber quickly is also important
in walking related balance.
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