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The Effects of Lower Extremity Strength on Verbal Cueing Response in Gait 

Rehabilitation Post-Stroke 

______________________________________________________________________________ 

By Ben Buchanan 

 

PRELUDE 
 
 In my second clinical rotation of PT school I was introduced to the Inpatient Rehab 

setting, where I was exposed to a variety of individuals who had survived both traumatic brain 

injury (TBI) and stroke. I found it intriguing that subtle differences between areas affected within 

the brain could have vast disparity in the characteristics of its expression. While working with 

my clinical instructor, occupational therapists and speech language pathologists, I found that 

there were a great repertoire of tools or tricks one could use to provoke different responses for 

treatment depending on the type of presentation. This prompted me to learn more about how our 

behaviors, as physical therapists, no matter how subtle, influences our patients post-stroke.  

 In my fall semester of my third year of PT school I had the opportunity to participate in a 

research experience with Dr. Michael Lewek, PT, PhD, working directly with patients’ post-

stroke. The purpose of our study was to determine whether individuals with post-stroke 

hemiparesis could experience functional gait changes with verbal cueing and whether residual 

strength in these individuals played a significant role in contributing to these changes.  
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ABSTRACT 

OBJECTIVE 

 Current rehabilitation for gait retraining post-stroke involves some degree of strength 

training as weakness is commonly observed in the affected extremity. There is limited evidence 

that strength training alone improves functional ambulation. The purpose of this study is to 

determine what effect lower extremity strength has on the amplitude of change in specific 

functional gait parameters when given specific spatiotemporal verbal cues during gait 

rehabilitation.  

 

METHODS 

 Twenty-nine adults with unilateral hemiparesis and a history of chronic stroke were 

assessed for lower extremity muscle strength using a hand-held dynamometer measuring hip 

flexion, abduction, knee flexion, extension, and ankle plantarflexion, dorsiflexion. Gait 
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assessment was then performed consisting of: (1) Comfortable gait speed (CGS); (2) Fast gait 

speed; (3) Walking with long steps; (4) Walking with high steps; (5) Walking with a focus on 

arm swing; (6) Walking with a focus on pushing off of the ground with each step; (7) Walking 

taking quick steps; and a final (8) Comfortable gait speed.  The first and last cues were always 

CGS. During steps 2-7, verbal cueing was randomized for each subject. Gait parameters of: 

walking speed, step length, stance time, and cadence were recorded using a GAITRite mat in 

order to measure spatiotemporal changes. The relationships between each verbal cue and each 

gait parameter were then analyzed.  

 

RESULTS 

 With specific verbal cues, subjects were able to significantly increase walking speed, 

cadence, and paretic side stance time independent of lower extremity strength. Individuals with 

residual hip flexion, knee flexion, and ankle dorsiflexion strength, subjects were able to elicit a 

significant response to walking speed, cadence, and step length with specific verbal cues. 

 

CONCLUSION 

 By using specific verbal cueing, strength deficits in individuals with post-stroke 

hemiparesis can be circumvented to elicit significant changes in walking speed, cadence, and 

paretic side stance times. Similarly, the use of specific verbal cueing, can also be used to elicit 

significant changes in walking speed, cadence and step length in individuals with residual hip 

flexor, knee flexor and ankle dorsiflexor strength.  

--------------------------------------------------------------------------------------------------------------------- 
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Introduction 

 Stroke is the leading cause of long-term disability in the United States.1 Every year 

795,000 individuals in the US experience a stroke and over half of all stroke survivors over the 

age of 65 experience negative effects on mobility.1 Falls and mobility-related injury are one of 

the most common complications post-stroke occurring in 25-30% of all stroke survivors.2 Falls 

can lead to  further injury, increased risk of falls, increased hospitalization, increased cost, and 

decreased independence.3,4 Walking is the most common activity leading to falls in community-

dwelling stroke survivors.4 Furthermore, walking is one of the most frequently self-selected 

goals for individuals in rehabilitation that necessitates a return to community ambulation and 

functional ADLs.5 Therefore, gait re-training is one of the most essential aspects of therapy post-

stroke.6–8  

 There are a variety of factors involved in gait impairment. One primary factor is lower 

extremity hemiparesis, which impairs proper limb function during gait, such as the ability to bear 

weight, maintain stability, generate propulsion, and create swing of the affected lower 

extremity.9 In addition, stroke can create abnormalities in selective motor control, spasticity, and 

muscle atrophy leading to gait asymmetries, loss of balance, increased fear of falling, decreased 

gait speed and falls.10–14  

 In most individuals post-stroke, strength deficits eclipse joint mobility deficits limiting 

specific movements necessary for normal gait. Passive range of motion (PROM) in the lower 

extremity does not exhibit significant deficits,15 and may be less of a contributing factor than 

strength deficits in leading to overall gait impairments.15 Some of the common gait impairments 

observed following stroke include shortened step length, slower gait velocity, reduced cadence, 

reduced non-paretic swing times and reduced paretic stance times.16–18 Functional gait 
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parameters have been shown to be heavily influenced by the degree of strength in the hip flexors, 

hip extensors, and hip abductors.19 Gait asymmetries, both spatial and temporal, are commonly 

attributed to decreased strength of the ankle plantar flexors and knee extensors.20,21 In addition, 

the total work produced by knee extension, ankle plantar flexion and hip flexion strength plays 

an important role in determining the degree of fast gait speed (FGS) post-stroke.20,21 Hemiparetic 

gait is a common gait abnormality seen post-stroke, characterized by excessive contralesional hip 

internal rotation, knee extension, and ankle plantarflexion and inversion. This gait can contribute 

to abnormal compensatory strategies such as hip hiking and/or circumduction during the swing 

phase.22 These abnormal movements further slow gait and lead to spatiotemporal 

abnormalities.22 

 There are many techniques used by physical therapists to address these gait deficits. In 

particular, strength training is a common rehabilitation tool for individuals post-stroke, due to 

their observed weakness in the affected extremity.23,24 Historically, there was a hesitancy to treat 

the hemiparetic side with strength training, as it was thought this type of training could 

exacerbate symptoms of spasticity in individuals’ post-stroke.25–27 However, resistance training 

has been demonstrated to increase strength, quality of life and gait speed, and improve functional 

outcomes without increasing spasticity.28 Additionally, strength training has been shown to 

decrease the risk of falls as well as decrease length of stay in inpatient settings in individuals 

post-stroke.29,30 Although strength training for individuals with chronic stroke has been shown to 

increase strength on the affected side, there is limited evidence to support that strength training 

alone improves functional walking performance in this population.24  

 Task-specific training is another technique commonly employed by physical therapists.  

The technique utilizes high numbers of repetitions to elicit a neuroplastic change.7 However, in 
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order to produce viable change with this method and avoid progression toward abnormal 

movement patterns, physical therapists need to be able to provide specific cueing which elicits 

the proper physiologic responses.31,32 Because of the perceived importance of lower extremity 

muscle strength on gait function, it appears that modifying gait would only be possible if 

adequate strength was available. Cueing can take various forms including: tactile, haptic, visual, 

auditory or verbal. Although it has been documented that verbal cueing is common practice 

during gait rehabilitation, there is little evidence in the literature to support verbal cueing for gait 

rehabilitation post-stroke independent of resistance training.33  

 Therefore, the purpose of this study is to determine what effect lower extremity strength 

has on the amplitude of change in specific functional gait parameters when given specific 

spatiotemporal verbal cues during gait rehabilitation. Given the role of muscle strength on gait 

function23,29,30, and the prevalence of lower extremity muscle weakness in individuals post-stroke 

2–4; we hypothesize that individuals who produce greater torques, or demonstrate greater strength 

with manual muscle testing (MMT) will be capable of inducing greater changes in measured gait 

parameters (i.e. velocity, step length, cadence, symmetry) in response to verbal cues.    

 

Methods 

Participants 

 We recruited individuals with chronic (>6 months) stroke from various stroke support 

groups across North Carolina. Participants were excluded if their stroke occurred in the last 6 

months, if the stroke originated from the brainstem or cerebellum, or if the participant 

demonstrated significant receptive aphasia or other cognitive conditions that hampered the 

ability to follow directions. Other exclusion criteria included: self-reported uncontrolled 
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cardiorespiratory/metabolic disease (cardiac arrhythmia, uncontrolled hypertension or diabetes, 

orthostatic hypertension, chronic emphysema), or other neurological or orthopedic disorders that 

may affect the ability to walk, a history of balance deficits or unexplained falls not related to the 

stroke, or uncontrolled seizures. Participants were allowed to use their customary footwear, 

assistive devices, and orthoses during ambulation, but were excluded if they needed anything 

greater than standby-assist (SBA) from a physical therapist. All participants signed an informed 

consent form approved by the IRB of the University of North Carolina at Chapel Hill before 

participating. 

 

Protocol 

 All testing occurred in a single session with the first part consisting of isometric manual 

muscle testing (MMT) and the second part consisting of gait testing using a 4.27m (14ft) 

GAITRite mat (CIR systems, Haverford, PA). Approximately 1m at each end of the mat was 

used for acceleration/deceleration and these data were not recorded. All isometric lower 

extremity strength was assessed in sitting using a MicroFET 2 hand-held dynamometer (Hoggan 

Scientific, Salt Lake City, UT). MMT was performed for the following movements: hip flexion 

(hf), hip abduction (ha), knee flexion (kf), knee extension (ke), ankle dorsiflexion (ad), and ankle 

plantarflexion (ap). Distance from the active joint (fulcrum) was measured in centimeters using a 

standard measuring tape, and force was measured in pounds and converted to newtons. This 

allowed us to calculate joint torque in N·m. The placement of the handheld dynamometer was as 

follows:  

Table 1: Manual Muscle Testing Details 

Movement (isometric) Placement of Dynamometer Joint Angle 
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Hip flexion Distal anterior femur 90° hip and knee 

Hip abduction Distal lateral femur 90° hip and knee 

Knee extension Distal anterior tibia 90° knee 

Knee flexion Distal posterior tibia 90° knee 

Ankle dorsiflexion Proximal to metatarsal heads 90° knee and ankle 

Ankle plantarflexion Inferior to metatarsal heads 90° knee and ankle 

 

 Following the isometric MMT, participants were then instructed to “walk at a 

comfortable pace” (comfortable gait speed [CGS]) for two passes along the 14ft GAITRite mat. 

This initial component was used to establish a baseline for the individuals’ gait parameters.  The 

two passes consisted of walking down the mat one way and back the opposite direction. The 

participant then performed two passes for each of six commands, in random order. The six 

commands consisted of: (1) “Walk as fast as you can safely”; this was intended to provoke an 

observable change in velocity of ambulation. (2)“Walk normally, while swinging your arms as 

much as you can”; this was intended to tap into the coordinated linkage of neural networks 

between the arm and legs that may be preserved after stroke34 (3)“Walk normally while taking 

the highest steps that you can”; this was intended to shift weight laterally in order to increase 

stance time on the paretic limb. (4) “Walk normally, while taking the longest steps that you can”; 

this was intended to increase step length of both limbs. (5) “Push off of the ground as hard as you 

can with each step”; this was intended to increase step length of both limbs. (6) “Take the 

quickest steps that you can”; this was intended to provoke an observable change in the speed of 

unloading/offloading of both limbs by increasing cadence.  
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 If participants were unable to understand the initial command, it was repeated, but no 

further explanation or demonstration was given to clarify the instruction. Participants were told 

before testing that we would only give one command and that it was up to them to interpret that 

command to the best of their ability.  

 

Data Management and Analysis 

 Data analysis was performed by GAITRite software which calculated step length, step 

width, cadence, velocity, stance and swing times of each pass35. Change for each of these 

parameters was assessed by subtracting the CGS condition from each of the six random 

commands. We used SPSS (v. 24) to perform statistical analyses of these data. The Pearson 

correlation coefficient or Pearson’s r was used to measure the linear relationship between 

strength of each muscle group and the spatiotemporal changes induced with each condition.  

 

Results 

 We successfully recruited and tested 29 participants with unilateral hemiparesis (12 M; 

17 F; Age: 63.6 +/- 12.4 years; Height: 1.7m +/- 0.09m; Weight: 83.4 kg +/- 18.5 kg) who were 

≥6 months post-stroke with hemiparesis. Of the participants, 14 had right hemiparesis and 15 had 

left hemiparesis. Twelve of the participants used an ankle-foot-orthosis (AFO) and/or an 

assistive device such as a single point cane, quad cane or rolling walker.  

 Among the 29 individuals, significant weakness was observed on the paretic side 

compared to the non-paretic side for hip flexion, hip abduction, knee flexion, knee extension, 

ankle plantarflexion, and ankle dorsiflexion moments (all p<0.018; see Figure 1).   
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Figure 1: Lower Extremity Moments 

 

Fig. 1: Shows strength measures taken with the hand-held dynamometer. Blue columns indicate 
average strength measured on the paretic side; orange columns indicate average strength 
measured on the nonparetic side. All units are in newton metres indicating torque produced with 
each given movement.  
 

 In response to verbal cueing, individuals were able to significantly change walking speed. 

Both verbal cues to “walk as fast as you can safely” and “take as quick of steps as you can” 

significantly increased walking speed compared to CGS (both p<0.01). With verbal instruction to 

“walk as fast as you can safely”; we observed that there was a significant relationship between 

the ability to increase walking speed and the strength of the subject’s paretic knee flexors (p= 

0.025; r= 0.415) and paretic dorsiflexors (p= 0.029; r= 0.405). However, with verbal instruction 
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to “take as quick of steps as you can”; we observed no relationship between the ability to 

increase walking speed and any strength measures (all p>0.136).  

 Participants also demonstrated an ability to alter cadence. Both verbal cues to “walk as 

fast as you can safely” and “take as quick of steps as you can” significantly increased walking 

speed (both p<0.001). With verbal instruction to “take as quick of steps as you can”; we 

observed that there was a significant relationship between the ability to increase cadence and the 

subject’s paretic side hip flexion strength (p= 0.021; r= 0.428) and paretic side knee flexion 

strength (p= 0.019; r= 0.434). With verbal instruction to “walk as fast as you can safely”; we 

observed no relationship between the ability to increase cadence and any strength measures (all p 

> 0.115).  

 Participants also demonstrated the ability to increase step length with the limb initially 

producing the shorter step length, using verbal cues.  In individuals whose shorter step was on 

the nonparetic side (n=17), knee flexion strength on that side was significantly related to longer 

step length on the nonparetic side when cued to “walk normally, while taking as long of steps as 

you can” (p=0.023; r=0.547) and “walk as fast as you can safely” (p=0.011; r=0.600).  For 

individuals whose shorter step was on the paretic side (n=12), knee flexion strength on that side 

was significantly related to longer step length on that side when cued “walk normally, while 

taking as long of steps as you can” (p=0.027; r=0.633), “walk as fast as you can safely” 

(p=0.016; r=0.674), and “walk normally, while swinging your arms as much as you can” 

(p=0.018; r=0.691). For individuals whose shorter step was on the paretic side (n=12), 

dorsiflexion strength on that side was significantly related to longer step length on that side when 

cued to “walk as fast as you can safely” (p=0.050; r=0.576). 
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 Finally, we observed that the paretic sided stance time was modifiable with verbal 

cueing. Verbal cues to “walk normally while taking as high of steps as you can”, “walk 

normally, while taking as long of steps as you can” and “push off of the ground as hard as you 

can with each step” all significantly increased stance time on the paretic limb (all p<0.026). With 

all three verbal cues, “walk normally while taking as high of steps as you can”, “walk normally, 

while taking as long of steps as you can” and “push off of the ground as hard as you can with 

each step,” we observed no relationship between the ability to increase stance time on the paretic 

limb and any strength measures (all p > 0.126).    

 

Discussion 

 Our hypothesis that individuals who demonstrate greater strength will produce greater 

changes in gait parameters with verbal cueing, was partially supported by these data. Participants 

were able to increase walking speed, cadence, and step lengths with significant correlation to 

limb flexor strength measures. Despite the relationship between paretic knee flexor strength and 

the ability to change gait speed, cadence, and step length, there were other gait parameters that 

were altered in response to verbal cues that had no relationship to lower extremity strength. For 

example, using the cue to “take as quick of steps as you can” increased walking speed 

independent of the individual’s strength measures. Using the cue to “walk as fast as you can 

safely” increased cadence independent of strength measures. And finally, using all three verbal 

cues, “walk normally while taking as high of steps as you can”, “walk normally, while taking as 

long of steps as you can” and “push off of the ground as hard as you can with each step,” 

increased paretic stance time independent of strength measures. This may indicate that limb 

flexion strength may be important for altering gait parameters during some verbal cues, whereas 
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walking speed, cadence and paretic side stance time can also be improved independent of lower 

extremity strength. 

 Clearly, some strength measures played a significant role in improving walking speed, 

cadence and step length in response to verbal cues. For instance, participants with greater knee 

flexor and ankle dorsiflexor strength had an increased ability to improve walking speed when 

asked to “walk as fast as you can safely”. Participants with greater hip flexor and knee flexor 

strength had an increased ability to improve cadence when asked to “take as quick of steps as 

you can”. Participants with greater knee flexor strength had an increased ability to improve step 

length on the nonparetic side when asked to “walk normally, while taking as long of steps as you 

can” and “walk as fast as you can safely”. Participants with greater knee flexor strength had an 

increased ability to improve step length on the paretic side when asked to “walk normally, while 

taking as long of steps as you can” and “walk as fast as you can safely”. Finally, participants 

with greater ankle dorsiflexor strength had an increased ability to improve step length on the 

paretic side when asked to “walk as fast as you can safely”.  

 From a clinical perspective, these results indicate some promising outcomes for 

participants undergoing gait rehabilitation post-stroke. First, this reinforces previous literature of 

the importance of strengthening residual knee flexion36, hip flexion20,33 and ankle dorsiflexion33 

post-stroke in order to preserve and improve walking speed, cadence, and step length. The 

improvement of hip flexion strength and endurance has been shown to compensate for decreased 

propulsive forces lower in the chain, at the knee and ankle, that contribute to gait abnormality, 

fatigue and decreased walking speed.37 The improvement of knee flexion and ankle dorsiflexion 

strength has been shown to make a key contribution to increased foot height and toe clearance 

during the swing phase of the gait cycle contributing to a decreased chance of falls.38 In addition, 
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lower limb flexors are typically the most affected post-stroke as evidenced in Figure 1, possibly 

because flexors in the lower extremity tend to be intrinsically weaker than extensors.39 By 

preserving and strengthening residual hip flexion, knee flexion and ankle dorsiflexion, an 

individual may be able to elicit greater changes in walking speed, cadence and step length with 

verbal cues.  

 Secondly, for those with less residual strength in the hemiparetic limb, this study shows 

that strength deficits can be circumvented through the proper verbal cues. Although multiple 

verbal cues can be used to elicit a positive rehabilitative gait response in participants with post-

stroke hemiparesis, certain cues can elicit this response independent of the degree of lower 

extremity strength. For instance, using both the cues “walk as fast as you can safely” and “take 

as quick of steps as you can” both elicited increased walking speed. However, only the cue to 

“take as quick of steps as you can” elicited increased walking speed independent of an 

individual’s strength.  

 We know from previous literature that cueing during gait retraining is superior to gait 

training alone in improving walking speed, cadence, step length and symmetry,40 indicating that 

cueing is an important and necessary aspect of gait retraining post-stroke. Our work extends this 

evidence to suggest that improvements in gait parameters from verbal cueing may be possible 

independent of the degree of strength that the participant possesses.  

 One limitation to this study was the varying degree of comprehension of commands that 

existed between participants. Because of our intention to isolate a specific verbal cue, we could 

not modify or individualize each command for better subject comprehension. Therefore, there 

was some variation in interpretation of each command. This was especially evident with the 

commands to “push off the ground as much as you can with each step” and “walk normally, 
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while swinging your arms as much as you can”. Another limitation was the variation in the time 

since stroke that existed between subjects. The chronicity of stroke duration ranged from 6 

months to 25 years which may have affected the outcome of certain commands based on 

subjects’ familiarity with therapy and previous gait-training. Not only did participants vary in the 

chronicity of their stroke, but they also varied with what assistive devices and orthoses they used. 

Twelve of the twenty-nine subjects used some form of assistive device, AFO or combination. 

Nine subjects used a single-point cane, 5 subjects used AFOs, 2 subjects a RW or Rollator, and 1 

subject a quad cane. Another limitation to this study was that the degree of change in each gait 

parameter was measured as an immediate effect of each verbal command, we did not take into 

consideration how these verbal commands may affect gait rehabilitation long-term.  

 Future studies may address some of these limitations by customizing verbal commands to 

address differences in comprehension as well as include visual demonstration in order to mimic 

more realistic clinical scenarios. Future studies may also include only participants within a 

particular range of time post-stroke and/or those requiring a specified amount of assistance. 

Future longitudinal studies may benefit from measuring the long-term effects verbal cues have 

on gait parameters post-stroke in order to provide more evidence to what verbal cues create more 

long-lasting change. Future longitudinal studies may benefit from examining the effect of 

strengthening of lower limb flexors because, although our study shows a positive relationship 

between hip flexion, knee flexion, and ankle dorsiflexion strength, we did not directly measure 

the effects of improving strength or control with these muscles. Furthermore, this study only 

looked at six distinct verbal cues; future studies will benefit by examining if other types of verbal 

cues have similar or differing effects.  Finally, greater detail into the nature of stroke, such as 
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lesion location or artery involvement, may pinpoint the underlying mechanisms responsible for 

these results.  
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