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Richard W. Bohannon

From the University of Connecticut, Neag School of Education, Department of Physical Therapy, Storrs, CT, USA

For many individuals who have experienced a stroke, mus-
cle weakness is the most prominent impairment. Both the 
theoretical and statistical relationships between muscle 
weakness and performance at functional activities suggest 
that weakness may be an appropriate target for therapeu-
tic interventions. Researchers investigating the outcomes of 
strengthening regimens after stroke have routinely shown 
that resistance exercise leads to increased muscle strength, 
but that strength is typically measured using the same 
maneuvers that were used in training. Evidence supporting 
the use of strengthening regimens to reduce limitations in 
functional activity is equivocal.
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INTRODUCTION

The annual incidence of stroke in the USA is currently about 
700,000; the prevalence is approximately 5.5 million (1). For 
these individuals and others with stroke, motor deficits are 
probably the most commonly recognized impairment. Bonita 
& Beaglehole (2) reported such deficits among 89.1%, 72.1% 
and 61.0% of patients who experienced a stroke 1 week, 1 
month and 6 months earlier. Motor deficits can take various 
forms, but reductions in strength (maximum voluntary force 
or torque) are probably the most obvious. Nevertheless, some 
clinicians have argued against the measurement of muscle 
strength and the use of muscle strengthening exercise for 
patients who have experienced a stroke (3, 4). Residual op-
position to the application of resistance exercise after stroke 
is the impetus for the present paper, the purpose of which is to 
review the evidence supporting the provision of such training. 
Prior to dealing with this purpose, however, 3 other issues will 
be addressed. They are: the relevance of muscle strength after 
stroke; the quantification of muscle strength after stroke; and 
the nature of strength after stroke.

RELEVANCE OF MUSCLE STRENGTH AFTER STROKE

The relevance of muscle strength for patients with stroke has 
both a theoretical and statistical basis. The theoretical foun-
dation for the importance of muscle strength after stroke is 
simple: force equals mass times acceleration. Consequently, 
acceleration or deceleration of the mass of any body segment 
or the entire body requires the generation of force by the 
muscles. To the extent that the stroke affects the forces that 
muscles can generate, acceleration or deceleration will be 
compromised accordingly. The degree to which muscle force 
is relevant will vary depending on the demand of the functional 
activities for which muscle force is required. Fig. 1 illustrates 
the theoretical relationship between strength and performance 
at functional activities. Fig. 1 basically suggests that for any 
activity, a certain amount of strength is required to perform 
it. The amount depends on the demand of the activity. Howe-
ver, increases in strength will not prove useful until a certain 
threshold is reached. Thereafter, increases in strength will be 
accompanied by improvement in performance at the functional 
activity until a point is reached that further strength provides 
no additional advantage. As functional activities differ in 
the demands they place on individuals, the point at which 
strength begins to affect functional activity performance and 
the point after which additional strength is superfluous will 
vary accordingly. Consequently, a functional activity such 
as bringing food to the mouth requires little strength (5) and 

*This paper is based partly on a lecture given at the international symposium 
”Evidence for stroke rehabilitation – bridging into the future”, in Göteborg, 
Sweden, 26–28 April, 2006.

Fig. 1. The hypothetical relationship between strength and functional 
activity performance at tasks differing in demand.
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would be expected to improve rapidly with small increases in 
strength so long as adequate hand dexterity is present. Further 
increases in strength of the elbow and shoulder muscles would 
be of no consequence for such an easy activity. An activity 
such as standing from a chair, on the other hand, can be quite 
demanding (6). Considerable strength is required before it can 
be accomplished, even with the assistance of the upper limbs 
and a device (7). Increases in strength will allow the activity 
to be performed without a device or without assistance from 
the upper limbs (8). Further increases in strength may allow 
it to be accomplished more rapidly (6). Still, there will come 
a point when additional strength will not be associated with 
further improvement in the activity. Strengthening after such 
a point is reached may be of value for establishing a functio-
nal reserve, but it will not improve present performance at a 
functional activity.

The statistical foundation for the importance of muscle 
strength after stroke is based on research showing that muscle 
strength is related to functional activity performance. More 
than 50 papers have described such relationships, with most 
focusing on the activities involving the lower limbs. The 
functional activities commonly addressed by the research are 
sit-to-stand and stand-pivot-sit transfers, ambulation, and curb 
or stair climbing (Table I). 

The strength of multiple muscle groups of both the paretic 
and non-paretic lower limbs has been shown to correlate with 
independence in the stand-pivot-sit transfer (9). Independence 
in the sit-to-stand maneuver, the most physically demanding 
component of the stand-pivot-sit transfer, is correlated with 
knee extension force (10). This is true whether or not use of the 
hands is allowed during sit-to-stand. Although the strength of 
the knee extensors of each side is correlated with sit-to-stand 
independence, the highest correlations tend to be realized when 
the strength of the knee extensors of both sides is considered 
together with body weight. In combination, these variables 
explain between 68% and 70% of the variance in sit-to-stand 
independence.

Lower limb muscle strength has been found to correlate with 
several measures of ambulatory performance after stroke, but 
correlations with gait speed have been examined most often. 
The studies are consistent in demonstrating significant bivariate 
correlations (0.56–0.85) between the strength of individual 
paretic lower limb muscles, most often the knee extensors, 
and gait performance (11–15). However, the studies do not 
always show significant bivariate correlations (0.09–0.66) 
between the strength of individual non-paretic lower limb 
muscles and gait performance (11–15). The results of studies 
examining the statistical relationship of lower limb strength 
and other non-strength variables with gait performance uphold 
the explanatory power of muscle strength, particularly that of 
the paretic lower limb (16, 17). 	

Only 2 studies were identified that examined the relationship 
of lower limb strength with stair climbing performance after 
stroke. Both found significant correlations (0.58–0.85) between 
strength of the paretic limb and stair climbing performance 

(12, 18). The study including strength measures from the 
non-paretic lower limb did not find significant correlations 
(–0.06–0.07) with stair climbing speed (12). 

QUANTIFICATION OF MUSCLE STRENGTH AFTER 
STROKE

Its prevalence notwithstanding, muscle weakness is not expe-
rienced by all patients with stroke. Identifying patients who are 
weak and for whom strengthening regimens may be indicated 
requires appropriate measures. Instruments such as the Fugl-
Meyer (19), National Institute of Health (NIH) Stroke Scale 
(20), and Scandinavian Stroke Scale (21) are quite legitimate 
for characterizing stroke severity, but the measures of motor 
performance that they incorporate do not challenge muscles 
sufficiently to indicate their strength accurately. Bohannon has 
demonstrated this quite convincingly for the NIH Stroke Scale 
(22). In his study, the 8 patients who received the best possible 
score on the arm item had mean upper limb strength measures 
that were only 45.6–48.2% of predicted. Even manual muscle 
testing, which involves the application of external force by the 
examiner lacks sensitivity. A secondary analysis of data from 
a previously reported study (8) demonstrates a clear ceiling 
effect for manual muscle testing. For 25 patients with grade 
5/5 for the left knee extensors, the mean (range) of strengths 
relative to predicted normal was 53.7% (35.8–80.5). For the 
right knee extensors, the mean (range) strength was 56.4% 
(36.6–80.9) of predicted. In contrast, dynamometry does not 
suffer from the insensitivity of the above mentioned tests. 
Hand-grip, hand-held, and isokinetic dynamometers can all be 
used to obtain objective, precise and reliable measurements of 
strength in patients with stroke (23–25). 

NATURE OF STRENGTH AFTER STROKE

Studies employing dynamometry have revealed 3 facts about 
the nature of muscle strength impairments that may not other
wise be apparent but that have relevance. First, strength mea-
sures obtained from different muscle groups of the same limb 
tend to correlate (26, 27), have internal consistency (27), and 
represent a common underlying factor (26, 27). Thus, the extent 
of a patient’s weakness can be estimated from a limited num-
ber of measures. Second, limb muscles of the side referred to 
herein and elsewhere as non-paretic may actually be impaired, 
particularly early after stroke. Strength ipsilateral to a brain 
lesion, which can be less than 60% of predicted, tends to be 
more impaired proximally than distally (28). For demanding 
functional activities requiring the engagement of muscles on 
both sides of the body (e.g. sit-to-stand), strengthening of the 
supposedly non-paretic muscles may therefore be important. 
Third, muscles of the trunk can also be impaired after stroke 
(29). As such impairments have functional activity implica-
tions, they should not be overlooked when a strengthening 
regimen is initiated. 
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EVIDENCE FOR USING RESISTANCE TRAINING 
AFTER STROKE

To find literature addressing the use of resistance training 
after stroke, a comprehensive search was conducted using 4 
databases: Medline/PubMed, CINAHL (Cumulative Index to 

Nursing & Allied Health Literature), Science Citation Index, 
and EMBASE (Excerpta Medica Database). The terms stroke, 
muscle, and strength were used in various combinations with 
the terms exercise, training, and resistance. In addition, the re-
ference lists of identified articles were examined for potentially 
relevant publications. As few randomized controlled trials were 

Table I. Summary of selected studies reporting bivariate correlations between individual lower limb muscle strengths and functional activity 
performance

Functional activity performance measure Strength measure Statistical findings* Study author, year (ref)

Sit-to-stand (independence) Paretic knee extension (isometric force) r = 0.72 Bohannon, 2007 (10)
Non-paretic knee extension (isometric force) r = 0.73 Bohannon, 2007 (10)

Stand-pivot-sit transfer (independence) Paretic ankle plantarflexion & dorsiflexion,  
knee extension & flexion; hip flexion, ex- 
tension, & abduction (isometric force)

r = 0.30–0.64 Bohannon, 1988 (9)

Non-paretic ankle plantarflexion & dorsi- 
flexion; knee extension & flexion; hip flexion, 
extension, & abduction (isometric force)

r = 0.38–0.73 Bohannon, 1988 (9)

Gait (maximum speed) Paretic knee extension (isokinetic torque) r = 0.85 Suzuki et al., 1990 (11)
Paretic knee extension & flexion  
(isokinetic torque)

r = 0.65 & 0.67 Flansbjer et al., 2006 (12)

Paretic knee extension (isometric torque) r = 0.74 Bohannon, 1992 (13)
Non-paretic knee extension (isokinetic torque) r = 0.43 Suzuki et a., 1990 (11)
Non-paretic knee extension & flexion  
(isokinetic torque)

r = 0.19 Flansbjer et al., 2006 (12)

Non-paretic knee extension (isometric torque) r = 0.45 Bohannon, 1992 (13)
Gait (comfortable speed) Paretic knee extension & flexion  

(isokinetic torque)
r = 0.61 Flansbjer et al., 2006 (12)

Paretic knee extension (isometric torque) r = 0.75 Bohannon, 1992 (13)
Paretic knee extension (isometric torque) r = 0.63–0.68 Bohannon, 1991 (14)
Paretic knee extension (isometric force) r = 0.60–0.62 Bohannon, 1991 (14)
Paretic ankle plantarflexion & dorsiflexion;  
knee extension & flexion; hip flexion, extension, 
 & abduction (isometric force)

rs = 0.73–0.83 Bohannon, 1989 (15)

Non-paretic knee extension & flexion (isokinetic 
torque)

r = 0.09–0.19 Flansbjer et al., 2006 (12)

Non-paretic knee extension (isometric torque) r = 0.52 Bohannon, 1992 (13)
Non-paretic knee extension (isometric torque) r = 0.14–0.24 Bohannon, 1991 (14)
Non-paretic knee extension (isometric force) r = 0.05–0.15 Bohannon, 1991 (14)
Non-paretic ankle plantarflexion & dorsiflexion; 
knee extension & flexion; hip flexion, extension,  
& abduction (isometric force)

rs = 0.34–0.57 Bohannon, 1989 (15)

Gait (distance) Paretic ankle plantarflexion & dorsiflexion;  
knee extension & flexion; hip flexion, extension, 
 & abduction (isometric force)

rs = 0.68–0.79 Bohannon, 1989 (15)

Non-paretic ankle plantarflexion & dorsiflexion; 
knee extension & flexion; hip flexion, extension,  
& abduction (isometric force)

rs = 0.31–0.57 Bohannon, 1989 (15)

Gait (independence) Paretic ankle plantarflexion & dorsiflexion,  
knee extension & flexion, hip flexion, extension, 
 & abduction (isometric force)

rs = 0.56–0.84 Bohannon, 1989 (15)

Non-paretic ankle plantarflexion & dorsiflexion; 
knee extension & flexion; hip flexion, extension,  
& abduction (isometric force)

rs = 0.37–0.66 Bohannon, 1989 (15)

Stair ascent (speed) Paretic knee extension & flexion  
(isokinetic torque)

r = –0.58 & –0.61 Flansbjer et al., 2006 (12)

Non-paretic knee extension & flexion  
(isokinetic torque)

r = –0.06 & –0.07 Flansbjer et al., 2006 (12)

Stair ascent (performance score) Paretic hip flexion & extension; knee flexion  
& extension; and ankle dorsiflexion  
(isometric force)

rs = 0.73–0.85 Bohannon & Walsh, 1991 (18)

*Correlations are rounded to the hundredth place.
r: Pearson correlation; rs: Spearman correlation.
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identified, studies employing less stringent designs (e.g. case 
series) were also included. Only articles addressing training of 
the lower limbs were included. Studies were excluded if they 
examined strength training in combination with other types of 
training (e.g. aerobic conditioning) or if they involved exercise 
equipment that is not commercially available.

My search yielded 3 formal systematic reviews (30–32) 
and 12 research articles focused on strength training after 
stroke (Table II) (33–44). Five of the research studies were 
randomized trials (33–35, 39, 42). Most studies involved 
subjects who were 6 months or more post-stroke (35–41, 44), 
but other studies included patients who were more acute (33, 
34, 38, 42, 43). Resistance exercise was provided by means of 
weights, pneumatic machines, elastic bands, isokinetic machi-
nes, or body weight. Some exercise regimens involved a single 
exercise and type of resistance. For example, leg-presses on a 
weight machine were all that Inaba et al. (33) and Badics et al. 
(38) had their subjects perform. Both Barreca et al. (42) and 
Åsberg (43) used only sit-to-stands and body weight. Other 
regimens, however, involved multiple exercises, if not multiple 
forms of resistance. The frequency of training varied but was 
at least twice a week. Except in 2 studies (43, 44), the duration 
of training was at least 4 weeks. 

The results of the research reviewed (Table II) show that 
muscle training regimens result in strength increases in trained 
maneuvers (33–41). These increases, some of which exceeded 
100%, were noted regardless of the type of resistance em-
ployed. In studies employing a control group, the increases 
tended to be greater in the strength training group (33–35, 
39). Researchers investigating the effects of strength training 
on variables other than strength have obtained mixed results. 
Neither Moreland et al. (34) nor Kim et al. (39) found resistance 
trained patients to improve more in functional activities than 
controls. Several researchers have reported patients to improve 
in some activities but not others (35, 36, 40, 41), or at some 
times but not others (33, 40). Studies employing a regimen 
of repeated sit-to-stands have all demonstrated functional 
benefits (42–44).

DISCUSSION

In previous reviews others have concluded that resistance 
training programs are effective at increasing strength in patients 
who have experienced a stroke (30–32). After reviewing the 
same articles, in addition to several others (35, 37, 42, 43) 
my conclusion is the same. Based on both theoretical and 
statistical rationale, it would seem likely that strength training 
would result in improvement in functional activities as well. 
Nevertheless, Morris et al. (31) concluded that the ability of 
strengthening to enhance ”the performance of functional acti-
vities or participation in societal roles remains unknown”. Eng 
(32) concluded that evidence for the effect of strength training 
on function after stroke was ”poor or insufficient”. Following 
the present review, I would concur, excepting perhaps regimens 
involving repeated sit-to-stands or step-ups. All 3 studies that 
focused on such maneuvers yielded favorable results (42–44). 

This may be related to the concept of specificity of training. 
Sit-to-stands and step-ups, as well as other activities such as 
going from side-lying to sitting in bed, represent everyday 
activities that can be performed almost anywhere with a 
minimum of equipment. They have been shown to promote 
improved functional activity performance in older adults 
without a history of stroke as well (45–47). Activities such 
as knee flexion and extension on an isokinetic dynamometer 
or leg-presses with a weight stack for resistance are neither 
functional nor portable.

Regardless of the resistance training mode employed, re-
sistance exercise should focus on actions that are impaired. 
Impairments can involve the non-paretic limbs and the trunk, 
as well as the more obvious paretic limbs. More objective and 
precise measures than are often employed may be required to 
identify relevant targets. Extant research has targeted patients 
of diverse strength and functional levels. Further research 
needs to determine which strata benefit from specific regimens. 
Research also needs to address whether the benefits of training 
generalize to activities other than those trained. Until there 
is more positive evidence supporting strength training after 
stroke, enthusiasm for its use should be bridled.
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