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Ambulation is a common goal of stroke rehabilitation that is often linked to lower limb spasticity. This
study was conducted to investigate the relationship between paretic lower limb spasticity and
functional ambulation after stroke. Thirty stroke survivors (19 males) aged 57.77 * 9.52 years
participated in this correlational cross-sectional study. Spasticity of the paretic lower limb was
assessed using the Modified Tardieu Scale. Functional ambulation performance was assessed using
the Emory Functional Ambulation Profile (E-FAP). Data were analyzed using Pearson's product moment
correlation and stepwise regression analysis at p = 0.05. Spasticity was highest in the ankle
plantaflexors (253.20 +32.62°). There was a significant relationship between spasticity of the affected
lower limb and functional ambulation performance (r=0.61; p<0.05). Stepwise regression analysis
indicated that only spasticity of the ankle plantaflexors predicted functional ambulation. Spasticity of
the paretic ankle plantaflexors has discriminative power for predicting functional ambulation. This
underscores the need for focused rehabilitation aimed at reducing spasticity of ankle plantaflexors for

improved functional ambulation among stroke survivors.
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INTRODUCTION

Community ambulation, the ability of a person to walk
independently and in the least possible time under
various environmental circumstances (Lord et al., 2004),
is a predictor of recovery. (Eng and Tang, 2007) and the
most desired goals of rehabilitation among stroke
survivors (Shim et al., 2012). It is required for successful
community reintegration after stroke (Lord and
Rochester, 2005). Yet, many stroke survivors who lost
the ability to walk, rarely regain independent walking
(Robinson et al.,, 2011; Hendrickson et al.,, 2014).

Limitation in ambulation is associated with increased
risks of fall, dependency, restriction in social participation,
and poor quality of life (Jgrgensen, 1996). Different post-
stroke impairments have been shown to contribute to
limitations in community ambulation after stroke. Lower
extremity spasticity and poor balance are two common
impairments that have been linked with difficulties with
walking post stroke (Francisco and McGuire, 2012;
Patterson et al., 2007).

Spasticity compounds motor impairments among stroke
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survivors, resulting in secondary complications (Francisco
and Mcguire, 2012; Fayazi et al., 2014). Data on
prevalence of PSS among stroke survivors in Nigeria are
unavailable, reported prevalence from other region
ranges between 19 and 47% (Urban et al., 2010; Thibaut
et al., 2013; Zorowitz et al.,, 2013). PSS has significant
negative consequences on functional recovery and
quality of life (Gillard et al., 2015; Sunnerhagen et al.,
2013; Francisco and McGuire, 2012) and is often
associated with worse functional outcomes and muscle
paresis (Bethoux, 2015). According to Belagaje et al.
(2014), stroke survivors without spasticity have
significantly better motor activity scores than stroke
survivors with spasticity. It has also been posited that
spasticity of the knee extensors, allows stroke survivors
to support themselves during ambulation (Berger et al.,
1984). The role of spasticity in balance control after
stroke however, remains controversial (Phadke et al.,
2014).

Studies have been conducted to investigate the
relationship between community ambulation and different
post-stroke impairments. Most of these studies focused
on balance and motor impairments (Hamzat et al., 2006;
Adegoke et al., 2012; Obembe et al., 2014). Data on the
contribution of PSS to community ambulation is still
emerging and there is no consensus on the actual
relationship between spasticity and community or
functional ambulation after stroke. For instance,
Lundstrom et al. (2008) and Doan et al. (2012), reported
higher disability in stroke survivors with spasticity than
those without, while other researchers posited that PSS
is a positive sign in the trajectory of stroke recovery
(Thibaut et al., 2013; Fayazi et al., 2014, Li, 2017). To
effectively manage spasticity for improved community
ambulation, it is important to understand the actual
relationship between post stroke spasticity and
community ambulation. This study was therefore
conducted to describe the pattern of PSS and investigate
the relationship between paretic lower limb spasticity and
community ambulation among stroke survivors in Ibadan,
Nigeria.

MATERIALS AND METHODS

Consecutively recruited stroke survivors with first incident stroke
resulting in spastic hemiparesis participated in this correlational
cross-sectional study. Eligibility criteria were: a grade of 2-4 on the
Modified Tardieu Scale and ability to walk a minimum of 10 m with
or without walking aid. Participants who were able to comprehend
instruction indicating minimal or no evidence of cognitive
impairments participated in the study. Stroke survivors with pre-
stroke history of difficulty with balance and/or walking and other
neuro-musculoskeletal disorders of the lower limb were excluded.
Ethical approval was obtained from appropriate institutional health
research ethics committee and informed consents were obtained
from eligible participants.

Measurements

Lower extremity spasticity was assessed in the participants.
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Specifically, spasticity of the hip extensors, knee extensors and
ankle planterflexors of the paretic lower limb was assessed using
the Modified Tardieu Scale (MTS). These muscles were selected
because of the observed and reported extensor synergy in the
muscle groups. The MTS provides a direct measure of spasticity by
assessing the joint angle at the point of increased muscle tone
(catch) at a high velocity (<1 s). Participants were positioned
supine while the quality of muscle reaction and the angle of muscle
reaction were measured. There are three speed definitions in taking
the measurement: V; = as slow as possible; V, = limb falling under
gravity; V3= moving as fast as possible. Quality of muscle reaction
was rated on a 6-point scale from 0 to 5 where O represents no
resistance throughout the course of passive movement and 5
signifies an immobile joint. Angles of muscle reaction at Vs (R1) and
at Vi1 (R2) were measured using a universal goniometer during hip
flexion, knee flexion and ankle dorsiflexion. The dynamic tone
component of the muscles was obtained by subtracting R1 from R2
(Boyd and Graham, 1999). The MTS has moderate to very good
(K=0.52 — 0.87) test —retest reliability, construct validity (r) of 0.84
and Percentage of Exact Agreement (PEA) with laboratory
measurement of spasticity is 100% for elbow flexors and ankle
plantaflexors (Mehrhoiz et al., 2005). It also differentiates between
spasticity and contracture.

Community ambulation was assessed using the Emory Functional
Ambulation Profile (E-FAP). The test includes five timed tasks
involving walking under different environmental challenges namely:
5 m-walk on a hard surface, 5 m-walk on a carpeted surface, Up
and Go task, negotiating obstacle course and ascending and
descending stairs. Participants performed each of the tasks and the
time taken to complete each of the task was noted. Each task was
scored by multiplying the time taken to complete the task with an
appropriate factor. The appropriate factor is based on whether or
not the participant used an assistive device and the type of
assistive device used. Appropriate factor 1 implies no  assistive
device was used. Factor 2 means an Ankle-Foot Orthosis (AFO)
was used during ambulation performance. Factor 3 describes the
use of a walking stick while factor 4 indicates the use of a walking
frame. Factors 5 and 6 imply the participant used an AFO with a
walking stick and an AFO with a walking frame respectively during
task performance. Community ambulation performance was graded
as summation of the scores for the five tasks on the E-FAP. High
scores denote poor community ambulation performance (Wolf et al.,
1999). All tests and measurements were carried out by one of the
researchers (OSP) to eliminate bias resulting from measurements.
Sociodemographic variables (age, sex and time since stroke onset)
were elicited from participants via interview and documented in a
form designed for that purpose.

Statistical analyses

Data were cleaned and analyzed using SPSS version 20.0. There
were no missing data as measurements were performance-based
and graded by one of the researchers (OSP). Pearson product
moment correlation was used to test the relationships between
community ambulation performance and spasticity. Stepwise
regression analysis was conducted using community ambulation
(total E-FAP score) as dependent variable while each of hip, knee
and ankle spasticity were independent variables. The level of
significance was set at 0.05.

RESULTS

Thirty stroke survivors with spastic hemiparesis aged
57.77 +9.52 years were assessed in this study.
Participants were majorly males (n=19; 63.3%). Eighteen
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Table 1. Lower limb spasticity among participants.

Variables Mean +SD Range
Hip extensors 140.17 +166.82 0.00 - 560.00
Spasticity (°) Knee extensors 207.80 £120.62 84.00 - 600.00
Plantaflexors 253.20 £132.62 0.00 — 620.00
Table 2. Functional ambulation performance among participants.
Task Mean + SD Median Range
Uncarpeted 5 m walk (s) 51.07 £ 68.34 24.00 9.00 — 306
Carpeted 5 m walk (s) 61.77 +£91.32 25.00 11.00 — 405.00
Up and go test (s) 86.33 £ 121.76 32.00 10.00 — 540.00
Stair climbing (sec) 44.33 + 38.05 25.00 11.00 —210.00
Obstacle negotiation (s) 167.23 + 180.23 105.00 18.00 — 768.00
Total E-FAP score (S) 410.73 + 491.83 225.50 61.00 — 2229.00

Table 3. Correlation among spasticity score and Emory functional ambulation profile (E-FAP) score and scores on E-FAP subtasks.

Variables Spasticity Total time 5 M-walk 5 M carpet Timed up Stairs task Obstacle
score E-FAP walk and go task course

Spasticity score 1.00

Total time E-FAP 0.46* 1.00

5 M-walk 0.61* 0.99* 1.00

5 M carpet walk 0.61* 0.99* 0.99* 1.00

Timed up and Go 0.60* 0.99* 0.99* 0.99* 1.00

Stairs task 0.56* 0.89* 0.88* 0.88* 0.87 1.00

Obstacle course 0.59* 0.99* 0.98* 0.96* 0.99* 0.84* 1.00
*Correlation significant at 0.05level (2-tailed).
(60.0%) of the participants had left hemiparesis. DISCUSSION

Mean time since stroke onset was 19.07 +17.96
months. Nine (30.0%) out of the stroke survivors had no
spasticity of the hip extensor whereas knee extensors
spasticity was present in almost all the participants (n=29;
96.67%). Spasticity was most severe in the ankle
plantaflexors (mean = 253.20 +132.62°; median =
235.00°) and least severe in the extensors of the hip
(mean =140.17 £166.82°; median = 60.00°) (Table 1).

The mean functional ambulation performance score on
the E-FAP was 410.73 +491.83 s (median = 225.50 s).
Participants’ scores on each of the five tasks of the
Emory Functional Ambulatory Profile (E-FAP) are as
presented in Table 2. Spasticity was significantly
correlated with community ambulation performance and
each of the task (P<0.05) in the E-FAP (Table 3). The
predictive value for spasticity was from F=0.05 to F<0.10.
Only ankle spasticity (B = 0.513; P = 0.004) predicted
community ambulation.

Participants in this study had mostly spasticity of knee
extensors and the majority also had spasticity of ankle
plantaflexors. This is similar to an earlier report that
extension of the knee with equinovarus foot is the
commonest pattern of post-stroke spasticity of the lower
limbs (Thibaut et al., 2013). Spasticity, a state of increased
muscle tone with accompanying hyper-reflexia, is a
common impairment after stroke. Despite the significant
contribution of spasticity to motor disability (Urban et al.,
2010); it occurrence is considered a positive sign and an
important milestone in the trajectory of stroke recovery (Li,
2017).

The Functional ambulation score though higher, is
comparable to that reported by Wolf et al. (1999). It is
however, considerably higher compared to the values
obtained by Adegoke et al. (2012) and Baer and Wolf
(2001). The relatively high value obtained in this study



may be attributable to the composition of the participants.
Participants in the present study had spastic hemiparesis
whereas Adegoke et al. (2012) did not indicate whether
all their participants had spasticity. This could account for
the difference in the functional ambulation score recorded
in this study and that of Adegoke et al. (2012).

Co-contraction of agonist and antagonist muscles of
the knee may limit normal limb movement which in turn
interferes with walking. In addition, participant in this
study used assistive devices where necessary whereas
earlier studies excluded stroke survivors who ambulated
with assistive devices (Adegoke et al., 2012; Fayazi et
al., 2014). According to the E-FAP protocol, appropriate
factor attached to each assistive device must be used to
multiply the time taken to complete the task for which the
device was used. This could also have contributed to the
findings of this study. Performance on the obstacle
negotiating task of the E-FAP was worst as indicated by
the time taken by the participants to complete this task.
This is in line with the submission that stair climbing and
obstacles negotiating subtasks of the E-FAP are more
challenging than over-ground walking for stroke survivors
(Nadeau et al., 2003).

There was a significant positive correlation between
spasticity score and functional ambulation performance.
This suggests that higher lower limb spasticity was
associated with poor functional ambulation performance.
This is particularly so for spasticity of ankle plantaflexors.
This is similar to findings from previous studies that a
positive, though weak to moderate correlations exists
between spasticity and functional ambulation (Belagaje et
al., 2014; Welmer et al., 2006, 2010). This could be
because spasticity impedes the propulsive force needed
for ambulation performance. In addition, spasticity has
been associated with muscle paresis among stroke
survivors (Bethoux, 2015). Though, muscle strength was
not assessed in this study, lower limb muscle strength
has been associated with functional mobility (Hsu et al.,
2003; Fayazi et al., 2014; Watanabe et al., 2015). Loss of
motor units and decreased firing rate may reduce the
efficiency of muscle contraction in stroke survivors with
spasticity with consequent increased effort, fatigue and
difficulty with voluntary force generation (Thibaut et al.,
2013). Our finding is contrary to the findings of Fayazi et
al. (2014) and Patterson et al. (2007). These authors
found no significant correlation between spasticity and
mobility. Our finding underscores the need to treat
spasticity in stroke survivors for improved ambulatory
performance.

Limitations of the study

The findings from this study should however, be
interpreted with caution because of the small sample size
which makes generalization of results difficult. In addition,
the careful selection of only participants with spasticity
may also constitute a limitation to this study.
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Conclusion

The results of this study showed that only spasticity of the
ankle has discriminative power for predicting functional
ambulation. This highlights the need to manage/treat
spasticity especially of the ankle plantaflexors, for
improved functional ambulation performance in stroke
survivors with spastic hemiparesis.
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