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Objective: To investigate asymmetrical gait characteristics and degree of associations between gait symmetrical indexes and
clinical measures in a stroke population.

Material and Method: Thirty patients with stroke participated in the present study. Clinical measures included muscle tone
of affected hip adductors (HA), hip extensors (HE), knee extensors (KE), ankle plantarflexors (AP) and ankle invertors (A1),
lower extremity function and postural balance. Symmetrical indexes of gait biomechanics included braking peak force (Y1),
propulsive peak force (Y2), first peak vertical force (Z1) and second peak vertical force (Z22), step length, single support time
(SST), step time, stance time and swing time were determined.

Results: The symmetrical index of force was significantly related with muscle tone and lower extremity function. Temporo-
spatial variables significantly related to muscle tone and lower extremity function, but not to postural balance.

Conclusion: Muscle tone and lower extremity function were important for walking efficiency as the presented relationships
with symmetrical gait characteristic in patients with a stroke.
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After a stroke, changes in muscle tone, lower
extremity function, and postural balance have been
frequently observed and these changes deteriorate gait
performance in stroke populations. It has been reported
that increased ankle plantarflexors muscle tone can
significantly affect gait at both stance and swing
phases). Simultaneous activation of the quadriceps
with the gluteus maximus causes a mass extension
pattern during the stance phase®. The mass flexion
pattern causes synergistic contraction of the hip flexors,
knee flexors and ankle dorsiflexors during the swing
phase®. This primitive motor control produces the
primitive patterned limb movement and inhibits normal
progression during walking®. Walking necessitates
lower limb motor function over the whole gait cycle;
thus, lower limb function is a factor expected to be
related with stroke gait performance. In addition,
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postural balance is one of the critical factors playing
an important attribution to gait difficulties and falls in
stroke®.

Asymmetrical gait characteristics usually
appear in post stroke patients. It has been reported
that patients with a stoke show asymmetrical gait in
temporo-spatial variables, such as step length®?,
stance time®”, swing time’-'?, single support time*?;
in kinematic, for example hip®, knee® and ankle®'V
range of motions; and in kinetic parameters, for instance
propulsive and braking impulses®!?, average vertical
force?, center of pressure® and center of mass®. These
asymmetries were related to motor function®® and gait
speed®!'1 disturbances. However, relationships of
the peak forces and asymmetrical gait pattern have not
yet been stated. Vertical force plays a role in walking
for maintaining the body in vertical axis. Braking and
propulsive forces are the other two forces that assist
the body to move forward. Thus, these variables may
help the authors to get more information about force
related symmetrical gait characteristic.

In stroke rehabilitation, increased muscle tone,
reduced lower limb motor functions, poor postural
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control and balance are generally corrected to enhance
more symmetrical gait characteristics. Furthermore,
improvement in symmetrical gait characteristics is
one of the ideal objectives in functional rehabilitation
for individuals with a stroke®?. It is important to
understand which crucial changes in gait recovery
of stroke population are. Thus, the purpose of the
present study was to investigate asymmetrical gait
characteristics and to determine the degree of
associations between gait symmetrical indexes, motor
functions, and postural balance in stroke population.

Material and Method
Participants

Thirty patients with a stroke (25 males,
5 females) participated in the present study. The
inclusion criteria were first stroke caused by
cerebrovascular disease, not from brain tumor and
trauma, independent walking at least 10 meters without
using any assistive devices, intact sensation, no
other neurological problems such as Parkinsonism or
Alzheimer disease and no problems of cognitive status
and communication. Participants who received medical
treatment for spasticity and/or had musculoskeletal or
cardiopulmonary complication interfering with walking
were excluded from the present study. Cognitive status
was screened by Thai Mental State Examination
(TMSE). Characteristic of subjects is demonstrated
inTable 1.

Procedures

The present study was performed in the
Human Motion Laboratory, Faculty of Physical

Table 1. Subject characteristics

Characteristics Number of Mean + SD
subjects

Type of stroke

Hemorrhage 12 -

Ischemic 18 -
Affected side

Left 22 -

Right 8 -
Age (years) 30 53.3 +8.77
Body weight (kilograms) 30 68.1 +14.0
Height (centimeters) 30 166.0 + 7.40
Time since stroke (months) 30 32.3+19.6
Thai Mental State Examination 30 279+ 1.84
(scores)
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Therapy, Mahidol University, Thailand; and was
approved by the Ethical Committee, Faculty of
Medicine Siriraj Hospital, Mahidol University,
Thailand. The age, body weight, height, time since
stroke, type of stroke, and affected side were recorded.
Participants were assessed for muscle tone of the
affected side by the Modified Ashworth Scale (MAS)!®
in hip adductors (HA), hip extensors (HE), knee
extensors (KE), ankle plantarflexors (AP) and ankle
invertors (Al). Then, the lower extremity function was
assessed by the Fugl-Meyer Assessment (FMA)19
and the postural balance was assessed by the Berg
Balance Scale (BBS)!"'®. For the following items of
the BBS, sitting to standing, transferring, turning to
look behind, turning 360 degrees, standing unsupported
with one foot in front and standing on one leg,
participants separately performed these items in the
affected and the un-affected sides. Therefore, each
participant had two output data of the BBS score, score
for the affected side and for the un-affected side.
After finishing all clinical measurements,
spherical markers were attached on both feet of the
subjects at the second metatarsal, lateral malleolous, and
calcaneous. Prior to gait data collection, participants
practiced 10-meters walk on the walkway with one
force platform (OR6-7) (AMTI, Advanced Mechanical
Technology Inc.) embedded in the middle until they
could place their affected or un-affected foot on the
force platform. Gait data were collected both motion
and force at 100 Hz by Vicon™ Motion Analysis
System, version 612 and at 1,000 Hz by force platform.
Participants had walking data collected for the affected
and un-affected sides with their preferred comfortable
and preferred fast speeds. Force and temporo-spatial
parameters were braking peak force (Y1), propulsive
peak force (Y2), first peak vertical force (Z1), second
peak vertical force (Z2), step length, single support
time (SST), step time, stance time, and swing time.

Data deductions and analyses

Muscle tone, lower extremity function and
postural balance were described as minimum and
maximum scores. In addition, frequency of each score
for the HA, HE, KE, AP and Al muscle tones was
presented; and the score of lower extremity function,
postural control and balance were demonstrated as
mean and standard deviation.

Two output of gait data (affected and un-
affected), Y1, Y2, Z1, Z2 step length, SST, step time,
stance time, and swing time were used for calculation
ofthe symmetrical index'?.

477



(Xaffecled N X\m-nffecled)

12 (X X

Symmetrical index of X (%) = x 100

+
affected unfaﬁ'ecled)

; Where X, may refer to any gait variable

The negative symmetrical index value
represented the lesser value of the affected side than
the un-affected side, whereas the positive value
represented the greater value of the affected side than
the un-affected side. For the ideal symmetrical gait
condition, the symmetrical index should be zero,
presenting perfectly symmetrical gait pattern.
The greater symmetrical index value, the greater
asymmetrical gait characteristic was. Without
concerning the asymmetrical occurred whether the
affected or un-affected sides, absolute value of
symmetrical index was used to determine relationships
with clinical measures by Spearman and Pearson
correlations. The significant level was set at p <0.05.

Sample size calculation

Sample size for correlation of clinical measures
and symmetrical indexes came from pilot study (n= 10
subjects), showing the correlation of r=0.5-0.9 at . =
0.05 and attained 46 to 99% power. Thus, there was a
54 to 1% chance committed a type II error. To find a
number of subjects needed for 80% power, a subject
sample size ranging from 5 to 22 was recruited®”.
Consequently, the number of subjects at 30 was set in
the present study.

Results
Clinical measures

As shown in Table 2, there was normal tone
or slightly increased tone in most of the patients. The
lower extremity function was in the moderate to high
levels (24.3 + 5.18, range 16-33). Furthermore, patients
with stroke demonstrated quite good postural balance
for the affected (49.5 + 3.69, range 40-55) and the
un-affected side (51.7 + 3.26, range 45-56).

Gait symmetrical index characteristic

In patients with a stroke, symmetrical indexes
with positive and negative signs are separately shown
in Table 3. All of the parameters demonstrate both
positive and negative signs except for the index of
stance time and swing time, which reveal only negative
and positive signs, respectively. The results showed,
either at comfortable or fast gait speed, patients with
stroke presented asymmetry and inconsistent pattern
forthe Y1,Y2,Z1,Z2, step length, SST, and step time
while demonstrated asymmetry and consistent pattern
for stance time and swing time.

Correlations between gait symmetrical indexes and
clinical measures

As shown in Table 4, significant relationships
between gait symmetrical indexes and muscle tone were
found between Z1 and muscle tone in HA (r, =0.41), HE
(r,=0.40), KE (r, = 0.42) at comfortable gait speed. In
addition, Z1 was significantly correlated to muscle

Table 2. Muscle tone of hip adductors (HA), hip extensors (HE), knee extensors (KE), ankle plantarflexors (AP), and
ankle invertors (Al) in the affected side, lower extremity function, and postural balance using the affected and

un-affected sides in patients with stroke (n = 30)

Clinical measures Number of subjects on each Modified Ashworth Scale Min-Max
0 1 1.5 2 3 4
Muscle tone in the affected side
HA 10 12 7 1 0 0 0-2
HE 10 10 8 2 0 0 0-2
KE 13 7 8 2 0 0 0-2
AP 4 6 14 5 1 0 0-3
Al 3 8 14 4 1 0 0-3
Means + SD Min-Max
Lower extremity function: 243 +5.18 16-33
Postural balance:
Affected side 49.5 +3.69 40-55
Un-affected side 51.7+3.26 45-56
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tone in HE (r,=-0.43) and in KE (r = -0.47) at fast gait
speed. For the symmetrical index of step length, it was
found to relate with muscle tone in AP (r = 0.40) at fast
gait speed. Significant relationships were demonstrated
between symmetrical index of SST and muscle tone in
HA (r,=0.42),HE (r,=0.43), KE (r,=0.49), AP (r, = 0.52),

and Al (r, = 0.57) at fast gait speed. In addition, the
significant relationship between SST and muscle tone
inKE (r,=0.37), AP (r,= 0.40) and AI (r,= 0.41) were
found at the comfortable gait speed. Significant
relationships of symmetrical index of step time and
muscle tonein HA (r,=0.37), HE (r, = 0.37), KE (r, = 0.50)
and Al (r, = 0.41) at comfortable gait speed were
demonstrated. Furthermore, symmetrical indexes of
step time were found to relate with muscle tone in
KE (r, = 0.46) and Al (r, = 0.40) at fast gait speed. At
both comfortable and fast gait speeds, significant
relationships were found between symmetrical index
of stance time and muscle tone, for KE (r, = 0.45, for
comfortable speed, r, = 0.40, for fast speed) and Al
(r,=0.43, for comfortable speed,r, = 0.45, for fast speed).

Symmetrical index of swing tlme were significantly
related with all muscle tones (HA, r, = 0.36, for

comfortable speed, r, = 0.37, for fast speed; HE,
r,=0.38, for comfortable speed, r = 0.42, for fast speed;
KE r, = 0.43, for comfortable speed r,=0.43, for fast
speed AP, r = 0.37, for comfortable speed r,=0.44,
for fast speed and Al =0.48, for comfortable speed,
r,=0.53, for fast speed)

As shown in Table 4, there were significant
relationships between lower extremity function and Y2,
at both comfortable and fast gait speeds [comfortable
gait speed: Y2 (r =-0.48), SST (rp =-0.67), step time
(r =-0.49), stance time (r]D =-0.63), and swing time (r]D =
-O 68); fast gait speed: Y2 (r =-0.41),SST (rp =-0.68),
step time (rp =-0.48), stance tlme (r]D =-0.66), and swing
time (rp = -0.68)]. Significant relationship between
symmetrical index of step length and lower extremity
function at comfortable gait speed was found (r =
-0.44). No relationship was found between symmetrical
index of any gait variables and postural balance.

Discussion

Among several relationships that were
exhibited in the present results, it was expected to
observe positive relationships of gait symmetrical

Table 3. Symmetrical indexes of braking peak force (Y1), propulsive peak force (Y2), first peak vertical force (Z1), second
peak vertical force (Z2), step length, single support time (SST), step time, stance time, and swing time at the
preferred comfortable (COM) and fast (FAST) gait speeds in the stroke. Number of participants (n) and percentage
of participant (%) showing negative and positive values of symmetrical index are demonstrated (n = 30)

Symmetrical indexes (%)

Negative sign Positive sign

Means + SD (n, %)

Means + SD (n, %)

Gait variables Speed
Y1 COM
FAST
Y2 COM
FAST
Z1 COM
FAST
zZ2 COM
FAST
Step length COM
FAST
SST COM
FAST
Step time COM
FAST
Stance time COM
FAST
Swing time COM
FAST

27.1+22.2 (14, 47)
22.9+24.8 (14, 47)
74.9 + 46.9 (24, 80)
-62.6 +44.2 (25, 83)
3.0+ 1.5(8,27)
-8.145.4 (10, 33)
3.6+ 3.5 (18, 60)
7.2+ 5.3 (20, 67)
144+ 18.1(2,7)
7.4+ 11.5 (9, 30)
26.7+ 14.3 (27, 90)
242+ 13.9 (27, 90)
524353, 10)
9.1+62(2,7)
-10.6 + 6.5 (30, 100)
-12.8 + 7.9 (30, 100)

32.9 +22.0 (16, 53)
44.2 +27.8 (16, 53)
34.6 +33.0 (6, 20)
23.8+18.1(5,17)
7.0 +42(22,73)
8.5+ 6.5 (20, 67)
2.8 + 1.8 (12, 40)
3.8+2.2(10,33)
17.3 + 18.2 (28, 93)
18.0 + 21.2 (21, 70)
112+ 12.7 (3, 10)
13.71 + 16.1 (3, 10)
242 +15.5 (27, 90)
23.0 +15.8 (28, 93)

22.9 +13.9 (30, 100)
24.8 +15.9 (30, 100)

J Med Assoc Thai Vol. 94 No. 4 2011

479



SIOMIOAUL OUE = [V ‘SIOXJ[JIejue[d Opue = JV {SIOSU9IXd douy = g ‘s10sudxd diy = g ¢s103onppe diy = yH ‘own uoddns o[3uis = 1SS
9010J [BO1319A edd Pu0dag = 777 9010 [8o110A ead is11, = |77 ©9210] ead aarsindoid = 7 A 0010) yead Sumyerg = [ A
10°0 > d 18 19A9] JuBOYIUTIS = + (G(°() > d 3B [9A9] JUBOYIUTIS =

JUQIOI}JO0 UOIL[OLIOD UOSIEd = I ¢

d

JUSIOLFO0D UONR[ALIOD Yuel upuieadg =1

070" €T0- 81°0- ¥€°0- LO0- 200 ST0 80°0 €10~ LSvd
¥€°0- SE0- S10- LT0- 20°0- 0" 200 600 €0°0 NOD pajagge-un
LT0" 0€°0- 870~ 1€°0- 500~ 90°0 €60 €T0- S0~ LSvd ,
¥€°0- €0 ST0- ¥T0- S0°0- 0T0- 90°0- 1€°0- LO0 0D PapRy (‘1)eoue[eq [eImsod
+89°0- +99°0- +81°0- +89°0- SE0 10°0- 870 #1170 LO0 LSvd (‘x) uonoung
+89°0~ +€9°0~ +61°0- +L9°0" #Pr 0" 070" 0T0- +81°0- 80°0 NOD ISHUENERENN |
+€5°0 %S0 «07"0 +LS°0 ¥€0 Tro- 620" SE0 LO0- LSvd
+87°0 #€7°0 #1170 #I7°0 €0 91°0- #E7°0 61°0 L00- NOD v
«P0 ¥€0 €0 +75°0 #0170 90°0- 870~ 0€°0 100 LSvd
#LE0 0€°0 €60 «0v°0 €0 10°0 vE0 70 200 NOD dv
#EV°0 #070 %90 +67°0 7o €10~ +L¥°0" 620 01°0 LSvd
#EV°0 #ST°0 +0S°0 #L€0 11°0 £9°0 «P0 120 ¥0°0- 0D a1
«TV°0 ¥€0 €€°0 «€7°0 61°0 0T°0- #€7°0" vT0 800~ LSvd
+8€°0 ¥€0 #LE0 ¥€0 81°0 ¥9°0 #0170 91°0 200 0D aH
#LE0 870 ¥€0 «Tr'0 TT0 L1°0 9¢°0- 61°0 Tro- LSvd ,
%9€°0 €€°0 #LE0 €60 91°0 200 #1170 ¥1°0 91°0- NOD vH (1) suojepsniy
awn SuImg Jwim 9douelg sy dojg LSS p3us] doig (W4 1Z A 1A
moxotﬁ ﬁmo_boaﬁ‘;w ﬁm@ mﬁooaw Sanseawx ﬁmoE:O

(0€ = u) oyons yum syuaned ur paads 1eS Jse] pue 9[qeIIOFWOd PALIRJAId JB SOXOPUI [BOLIJOWIAS JIES PUL SOINSBIW [BITUI[O UIM)OQ SUOTIB[ALIO)) ‘p I[qBL

J Med Assoc Thai Vol. 94 No. 4 2011

480



indexes and muscle tones. It was indicated that
increased asymmetrical gait pattern might result from
increased muscle tone in patients with stroke. However,
relationships between symmetrical index of Z1 and
muscle tone in HE and KE at fast speed were found in
negatively. This indicated that increased muscle tone
in HE and KE might assist more symmetrical pattern of
the vertical force during the fast walking speed. It
might result from the functional role of these two
muscles in preventing body collapse and in maintaining
body in upright position. Thus, the difference of the
affected and un-affected performances may reduce.
Moreover, gait symmetrical indexes were expected to
show negative relationships with lower extremity
function and postural balance. It was indicated that
good lower extremity function and postural balance
may reduce asymmetrical gait pattern. Although
postural balance was classified into the score of
affected and un-affected for challenging patients with
stroke to perform, no correlation was shown between
gait symmetrical index and postural balance neither
affected nor un-affected performances. An explanation
was that most of the participants had quite good
postural balance in the affected and the un-affected
side, therefore, the relationship with the changed score
of gait symmetrical index was not observed.

For the remaining gait symmetrical variables
(Y1, Y2, Z1, Z2, step length, SST, and step time),
patients with a stroke demonstrated inconsistent
asymmetrical gait characteristic as observed from the
patients were performing function on both affected
and un-affected sides. Some patients with a stroke
showed predominance in the affected side, the others
showed the un-affected side predominantly in Y1, Y2,
71,72, step length, SST, and step time. The variations
inY1,Y2,71,72, step length, SST, and step time may
be due to difference in gait pattern; for example, using
various compensatory strategies for walking. From
observation during gait data collection, a few
participants walked nearly typical gait pattern. Most
participants showed hip hiking and circumduction
gait patterns during the swing phase. In addition, lack
of ankle dorsiflexion with foot inversion was always
presented during the initial contact and midswing.

Without consideration of asymmetrical
pattern direction appearing in neither the affected nor
the un-affected sides, relationships of absolute value
of gait symmetrical indexes and clinical measures
existed. Interestingly, new findings of the present study
express significant relationship between symmetrical
index of Y2 and lower extremity motor function and

J Med Assoc Thai Vol. 94 No. 4 2011

between symmetrical index of Z1 and muscle tone,
suggesting that both lower extremity function and
muscle tone may play the role for generating reaction
force during walking.

In addition, temporo-spatial variables
significantly related to muscle tone and lower
extremity function, but not to postural balance. To the
authors’ knowledge, there is little evidence of the
study in spatial asymmetry and gait performance.
Similar to previous study®, a weak correlation was
found between step length asymmetry and lower
extremity function. The present study further found a
relationship of symmetrical index of step length and
muscle tone in AP at fast speed.

The temporal variables (SST, step time, stance
time, and swing time) were found to be related with
muscle tone and lower extremity function. Lower limb
motor functions have been reported to relate with stance
time®@", swing time@"*? and SST® asymmetries. From
the current results, moderately strong relationships
were found between lower extremity function and
symmetrical index of SST step time, stance time and
swing time. Therefore, lower extremity function may
necessarily limit gait symmetrical characteristic in the
aspect of temporal parameter.

The present study revealed that the stroke
showed a consistent pattern of asymmetrical gait
pattern as indicated by uneven stance and swing
times between the affected and un-affected sides.
Similar to a previous study'”, all patients with a stroke
had less stance time on the affected side than the
un-affected side. In addition, they demonstrated a
greater swing time on the affected side than the
un-affected side. During walking, the affected side is a
stance limb while the un-affected is a swing one. Thus,
the increased stance time in the affected side is
suggested to enhance an increase in swing time in the
un-affected side, leading to a decrease asymmetrical
stance and swing time.

Significant positive relationship between
symmetrical index of stance time and muscle tone,
in the KE and Al of the affected side, was shown at
either comfortable or fast gait speed. The KE and Al
are important muscle groups during the stance phase
of the gait cycle®. Spasticity of the KE impaired
movement pattern®**>. Equinovarus foot placement is
often associated with subsequent knee hyperextension
during stance®. Increased KE muscle tone induces
knee hyperextension®® and increased Al muscle
tone makes improper foot placement®, these cause
inappropriate knee and foot function for weight
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bearing during stance phase®, possibly leading to
short stance time in a gait cycle period of the affected
side. It was suggested to decrease muscle tone in KE
and Al of the affected side in order to assist an increase
stance time of the affected side.

The positive association between symmetrical
index of swing time and muscle tone in HA, HE, KE, AP,
and Al of the affected side was shown at comfortable
and fast gait speeds. Individuals with a stroke have
been reported to demonstrate difficulty in releasing
lower limb extensor muscles®~?. Therefore, they show
compensatory strategies in walking; for instance, hip
hiking and circumduction®®. This has been reported
to relate with increased swing time in the affected side'”.
The present study also found that symmetrical index
of swing time was significantly correlated to the affected
muscle tone of HA. Increased HA muscle tone results
in narrow base of support, causing scissoring gait®.
In general, HA assists iliopsoas to flex the hip during
the initial to mid swing period®?. Therefore, increased
HA muscle tone may result in improper hip flexion
function, leading to using compensatory movements
for swinging. The present findings suggested the need
to reduce affected tone of HA, HE, KE, AP and Al for
decreasing swing time in the affected side.

Conclusion

In conclusion, current evidence confirms that
patients with stroke walk with different patterns show
inefficient asymmetrical pattern with uneven affected
and un-affected performance. Consistent asymmetrical
gait characteristic can be observed by the stance time
and swing time, and suggest it be used in detecting
gait recovery. Therefore, to improve gait symmetrical
characteristics in patients with stroke, it is suggested
to reduce muscle tone and increase their lower extremity
function of the affected side. In one gait cycle, it should
be noted that patients with a stroke demonstrate
decreased stance time but increased swing time of the
affected side when compared to the un-affected side.
Hence, the intervention effective for improving
symmetrical gait characteristics in patients with stroke
will be further investigated.
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