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Objective: To study the course of apraxia and daily life functioning (ADL) in left 
hemisphere stroke patients with apraxia. 
Design: Prospective cohort study. 
Setting: Rehabilitation centres and nursing homes. 
Subjects: One hundred and eight left hemisphere stroke patients with apraxia, 
hospitalized in rehabilitation centres and nursing homes. 
Measures: ADL-observations, Barthel ADL Index, Apraxia Test, Motricity Index. 
Results: During the study period of 20 weeks, patients showed small improvements in 
apraxia (standardized mean differences of 0.19 and 0.33) and medium-sized 
improvements in ADL functioning (standardized mean differences from 0.37 to 0.61). 
About 88% of the patients were still apraxic at week 20. Less improvement in apraxia was 
observed in initially less severe apraxic patients. Less improvement in ADL functioning 
was found to be associated with more severe apraxia, a more independent initial ADL 
score, higher age, impaired motor functioning and longer time between stroke and first 
assessment. 
Conclusions: Apraxia in stroke patients is a persistent disorder, which has an adverse 
influence on ADL recovery. 

INTRODUCTION 
Apraxia is the inability to carry out learned and purposeful activities; it is an inability that is not 

explained by primary motor or sensory impairments, or deficits in motivation, memory or 
comprehension.1-3 Apraxia is a common cognitive impairment after a left hemisphere stroke. It is 
estimated that approximately 30% of patients with left hemisphere stroke have apraxic 
impairments.1,4,5 Although the incidence of apraxia is high, it is frequently believed that the condition 
recovers spontaneously.6-8 Therefore, little attention is paid to the treatment and management of 
apraxia. Some studies, however, have observed the disorder to be enduring.6,9 This raises the question 
what the course of apraxia is and which factors influence its course. Similarly, some have questioned 
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whether apraxia has lasting effects on ADL functioning, while others have suggested apraxia to have 
long-term, real-life consequences.10-15 The few studies on this issue showed contrasting results.10-15 

Thus, the aim of the present study is: (1) to study the course of apraxia in stroke patients; (2) to 
identify factors that affect the course of apraxia; (3) to study the course of ADL functioning in stroke 
patients with apraxia; and (4) to determine whether the severity of apraxia and other factors affect the 
course of ADL functioning. 

METHODS 
The data used in this study were collected as part of a randomized clinical trial comparing strategy 

training to usual treatment in left hemisphere stroke patients with apraxia.16 Patients from both 
treatment groups (strategy training or usual treatment) participated: type of treatment was controlled 
for in all regression analyses (see Statistical analyses). Forty-nine institutions (15 rehabilitation centres 
and 34 nursing homes) in the Netherlands participated in the study. The patient inclusion criteria were: 
(1) left hemisphere stroke, (2) apraxia and (3) staying on an inpatient care unit. Exclusion criteria 
were: (1) history of apraxia before current stroke; (2) stroke had occurred less than four weeks or more 
than two years ago; (3) age younger than 25 years or older than 95 years; (4) a history of brain damage 
in combination with a period of coma lasting longer than 15 min or a period of post-traumatic amnesia 
existing longer than 2 hours; (5) history of brain tumour; (6) no working knowledge of the Dutch 
language; (7) premorbid or present pathologies such as a psychiatric or psycho-geriatric history, 
addiction to alcohol, medical or other drugs; (8) premorbid personality, intellectual or learning 
disorders; (9) a history of serious consciousness impairments; and (10) the treating physician, the 
occupational therapist, and/or the patient did not judge the treatment of apraxia to be necessary. 

A left hemisphere stroke was diagnosed when acute clinical symptoms of a focal dysfunction of the 
left hemisphere were present; when these signs and symptoms lasted at least 24 hours, and when there 
was no other than a vascular origin.17 The diagnosis of apraxia consisted of two steps. First, a clinical 
diagnosis of apraxia was made by the patients’ treating medical team. The patient was diagnosed as 
apraxic if (a) the patient showed the inability (or restriction in the ability) to carry out purposeful 
activities and (b) this inability was not the result of a primary motor or sensory impairment, or deficit 
of comprehension or motivation.1-3 Second, patients were tested for apraxia with a recently developed 
neuropsychological apraxia test5,18 by a trained researcher. Patients who showed no apraxia on this test 
(score above 87; see Measurements section) were excluded from the study. 

The patients (and their families) received verbal and written information about the study and gave 
verbal as well as written consent to participate. From 139 patients selected, 26 patients were 
eventually not included in the randomized clinical trial because they scored above 87 on the apraxia 
test (n=13), withdrew their consent (n=5), or were discharged from the institute (n=8). In addition, five 
patients dropped out of the study just before the first assessments (withdrew consent (n=3), discharged 
(n=1), deceased (n=1)). In total 108 patients with a left hemisphere stroke diagnosed as apraxic 
participated in the present study. 

The patients stayed on an inpatient care unit in a rehabilitation centre or nursing home where they 
were treated by a medical team. Because of the randomized controlled trial 50% of the patients 
received strategy training integrated in the usual occupational therapy, the other 50% received the 
usual occupational therapy only.16 In the present study the analyses were controlled for type of 
treatment. 

Measurements 
The data in the present study were collected during three assessments: (1) at baseline, (2) post 

treatment (i.e. eight weeks after baseline) and (3) at follow-up (i.e. 20 weeks after baseline). Patients 
were assessed on apraxia, motor functioning and daily life functioning (ADL) by a trained research 
assistant. Furthermore, at baseline demographic and clinical data were collected. 

Demographic and clinical data 
The following information was recorded: gender, age, handedness (right/left), type of stroke 

(haemorrhage/ infarction and first/recurrent), hemiplegia/ hemiparesis (yes/no), disease duration, type 
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of institution (rehabilitation centre/nursing home) and trial treatment allocation (strategy training/ 
usual therapy). 

Apraxia 
The Apraxia Test measures the severity of apraxia.5,18 The test is based on the work of De Renzi1 and 

consists of 15 items assessing the ability to use or mime objects and the ability to imitate gestures. 
Patients are asked to use their unaffected ipsilateral arm. The maximum score per item is 6, the 
maximum score of the total test is 90. The internal consistency, validity and inter-rater reliability of 
the test is good.5,18 

Motor functioning 
The Motricity Index19 was used to assess motor impairments of the affected contralateral arm and leg. 

In addition to the Motricity Index the patients sitting balance was measured (Trunk Control Test20). If 
the patient was able to maintain sitting balance during minimal 30 seconds without support, sitting 
balance was scored 1, otherwise sitting balance was scored 0. The tests are well standardized, with 
proven reproducibility, validity and sensitivity to change.21,22 

ADL functioning 
Two measures to assess ADL functioning were used: ADL-observations and Barthel ADL Index. The 

ADL-observations23,24 is a set of standardized observations specially developed to assess disabilities 
due to apraxia. Four daily activities (personal hygiene, dressing, prepare sandwich, prepare hot 
chocolate) were observed and scored with respect to independence and performance (deficits in 
initiation, execution and control of the activity). In this study the overall mean score of these 
observations was used, ranging from 0 (dependent) to 3 (independent). The internal consistency and 
interobserver reliability of this observation procedure are found to be good.23,24 

The Barthel ADL Index25,26 is a widely used and standard measure of ADL functioning. The patient’s 
dependency is scored on 10 basic daily functions/activities (bowel control, bladder control, grooming, 
toilet use, feeding, transfer, mobility, dressing, using the stairs, bathing). The Barthel ADL Index 
expresses disability on a scale ranging from 0 (totally dependent) to a maximum score of 20 (totally 
independent). 

Statistical analysis 
The dependent variables in this study comprise change scores on the apraxia test, the standardized 

ADL-observations and the Barthel ADL Index: the changes from baseline to week 8 and from baseline 
to week 20 were calculated. The changes in apraxia and ADL functioning were tested for significance 
with a paired-sample t-test (P<0.01) and was expressed by standardized mean differences (change 
score divided by the standard deviation of the baseline score). A standardized mean difference of 0.2 
was regarded as small, of 0.5 as medium, and 0.8 as large.27 All variables measured at baseline were 
used as independent variables. Pearson’s correlation coefficients were computed to examine possible 
relations between the independent and dependent variables. Multiple regression analyses were 
performed using the independent variables that showed a significant (P≤0.05) univariate relationship 
with at least one of the three dependent variables. All regression analyses were controlled for type of 
treatment (strategy training or usual treatment). The independent variables were entered stepwise in 
the multiple regression analyses. Probability of F to enter the analysis was set at P≤0.05, and the 
probability to remove was set at P≥0.1. The standardized regression coefficients (beta) and final 
explained variance (R2) are presented. 

RESULTS 
The demographic and clinical characteristics of the 108 participating patients are presented in Table 

1. Although 90% of the patients were able to sit independently for at least 30 seconds, they also 
experienced considerable motor impairments. According to the Motricity Index approximately 35% of 
the patients were not able to show any movement in the hemiplegic side of their body, while only 5% 
of the patients had normal strength in the right side of their body. Furthermore, the patients showed 
considerable disabilities on the measurements of ADL functioning. About 44% of the patients could 
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be classified as (very) severely disabled (score below 10 on the Barthel ADL Index).28,29 The mean 
score on the ADL-observations at baseline was 2.3 (maximum score is 3). Approximately 90% of the 
patients scored worse than the mean score of 2.8 found in a group of left hemisphere stroke patients 
without apraxia.24 

[ TABLE 1 ] 
 

Course of apraxia 
Figure 1 shows the course of apraxia. Patients had improved on average 3.7 points (SD 12.4; P<0.01) 

on the apraxia test at week 8. At week 20 the patients had improved 6.3 points (SD 14.6; P<0.01). The 
standardized mean differences representing the improvement at week 8 and week 20 were small, 
respectively 0.19 and 0.33. After eight weeks 10% of the patients (n=11) obtained a score above 87 
(indicating no apraxia) and after 20 weeks this percentage was 12% (n=14). None of the participating 
patients scored above 87 at baseline (see exclusion criteria). 

[ FIGURE 1 ] 
 

Prediction of the course of apraxia 
The univariate analyses (Table 2) show that less improvement in apraxia at week 8 is significantly 

correlated with less severe apraxia at baseline and a longer time period between stroke and the 
baseline assessment. At week 20, less improvement in apraxia is correlated with less severe apraxia at 
baseline and gender (e.g. women showed less improvement at week 20). 

[ TABLE 2 ] 
 
In the multiple regression analyses, all variables that showed significant univariate correlations with 

one of the change scores (see Table 2) were used in the regression analyses, except type of institution 
because of its collinearity with age. The obtained regression models (Table 3) for change in apraxia at 
week 8 and week 20 explained 22% and 27% of the total variance, respectively. Patients with less 
severe apraxia at baseline showed less improvement on the apraxia test at week 8 and week 20, 
compared to patients with more severe signs of apraxia at baseline. A longer time period between 
stroke and baseline assessments was associated with less improvement in apraxia at week 8. This 
association was not found at week 20. Furthermore, women showed somewhat less improvement than 
men at week 20. 

[ TABLE 3 ] 
 

Course of ADL functioning 
Figure 2 shows the recovery patterns in ADL functioning. On the ADL-observations, the patients had 

improved on average 0.18 points (SD 0.35; P<0.01) at week 8. At week 20, the patients had improved 
0.23 points (SD 0.41; P<0.01). The standardized mean differences representing the improvement at 
week 8 and week 20 are of medium size, respectively 0.37 and 0.48. The percentage of patients that 
scored maximum on the ADL-observations raised from 5% (n=5) at baseline to 13% (n=11) at week 8 
and 24% (n=18) at week 20. 

[ FIGURE 2 ] 
 
On the Barthel ADL Index the mean improvement was 2 points (SD 2.8; P<0.01) at week 8. At week 

20 the patients had improved 3 points (SD 3.4; P<0.01). The matching standardized mean differences 
are of medium size, respectively 0.41 and 0.61. The percentage of patients that obtained a maximum 
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score on the Barthel ADL Index raised from 7% (n=7) at baseline to 11% (n=10) at week 8 and 20. 
The percentage of patients classified as (very) severely disabled decreased from 44% (n=41) on the 
first assessment to respectively 23% (n=21) and 16% (n=12) at week 8 and 20. 

Prediction of the course of ADL functioning 
The univariate analyses (Table 2) show that less improvement on the ADL-observations at week 8 

and week 20 is correlated with a more independent ADL-observation score at baseline. In addition, 
urinary continence is correlated with less improvement on the ADL-observations at week 20. 

In the multiple regression analyses all variables that showed a significant univariate correlation with 
one of the change scores were used (see Table 2), except type of institution because of its collinearity 
with age. The obtained multiple regression models (Table 3) for change on the ADL-observations at 
week 8 and week 20 explained 25% and 41% of the total variance, respectively. A more independent 
ADL-observation score at baseline and higher age were found to be correlated with less improvement 
on the ADL-observations at week 8 and week 20. More severe apraxia at baseline resulted in less 
improvement on the ADL-observations at week 8. In addition it was shown that urinary continent 
patients and patients with a lower (less independent) initial score on the Barthel had improved less on 
the ADL-observations at week 20. 

The univariate analyses (Table 2) show significant correlations between change on the Barthel ADL 
Index and initial Barthel score, time since stroke, urinary continence, age and type of institution. In the 
multiple regression analyses the same variables were used as in the regression analyses of the change 
on the ADL-observations. The obtained regression models for improvement on the Barthel ADL Index 
at week 8 and week 20 explained 36% and 35% of the total variance, respectively. A more 
independent initial score on the Barthel ADL Index, higher age and a larger time interval between 
stroke and the first assessment were associated with less improvement on the Barthel ADL Index at 
week 8 and week 20. In addition, impaired motor functioning was associated with less improvement 
on the Barthel ADL Index at week 8. 

DISCUSSION 
Although it has been believed that apraxia recovers spontaneously,7 the results of the present study 

state otherwise and thereby support the few studies that show apraxia to be persistent.6,9 Over a period 
of five months our apraxic patient group showed a small improvement on the apraxia test 
(standardized mean difference of 0.33). At week 20, only about 10% of the studied patients showed no 
longer signs of apraxia on the apraxia test. The initially less severe apraxia patients showed less 
improvement in apraxia (week 8 and 20). The analyses did not show other consistent predictors of 
apraxia recovery. 

With respect to ADL functioning, improvement was more profound. The standardized mean 
differences matching the improvement in ADL functioning were of medium size, ranging from 0.37 to 
0.61. The most important factor found to be associated with improvement in ADL functioning was – 
again – the initial score on the outcome measure. A higher initial score (e.g. less problems in ADL 
functioning) was associated with less improvement in ADL functioning. Because of possible ceiling 
effects additional analyses were performed, leaving out all patients who had a high initial score on the 
measures for ADL functioning (approximately the top 15%). These additional analyses yielded similar 
correlations (results not shown). We found that in the first eight weeks, apraxia had a negative 
influence on ADL improvement measured by the ADL-observations, whereas motor impairments had 
a negative influence on the Barthel ADL Index. These results are consistent with our previous finding 
that the ADL-observations are more sensitive to apraxia, whereas the Barthel ADL Index is more 
sensitive to motor impairments.24,30 At week 20, apraxia and motricity were not found to be associated 
with ADL functioning. This shows that long-term negative influences of apraxia and motor 
impairments on improvement in ADL functioning are not confirmed. It is possible that, with time, 
patients have learned to compensate for their impairments. All ADL functioning regression models 
showed that higher age was associated with less improvement in ADL functioning. Another consistent 
finding was the negative influence of a larger time interval (between stroke and the first assessment), 
on improvement in ADL functioning as measured by the Barthel ADL index. 
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The present study supports findings from previous studies31 that initial ADL score, age and severity 

of paralysis (motor functioning) are important predictors for functional recovery of stroke patients. 
The earlier findings that a previous stroke, urinary incontinence and impaired sitting balance are 
negatively associated with functional recovery were not supported in our study. 

Two important limitations in this study were caused by the fact that we used data from our 
randomized controlled trial on the effect of strategy training in stroke patients with apraxia.16 The 
selection criteria caused homogeneity in our patient group which was important for the randomized 
trial; but it is not clear whether the results can be generalized to patients not fitting the selection 
criteria. Furthermore, all patients received treatment from an occupational therapist regarding their 
problems in ADL functioning. Thus, we cannot draw conclusions concerning the course of apraxia and 
ADL functioning in nontreated patients. We expect non-treated patients to show less improvement in 
apraxia and ADL functioning. 

In conclusion, the present study shows that apraxia is persistent – for at least six months – in a 
considerable number of stroke patients. There were no major predictors found for recovery of apraxia, 
except for the initial apraxia score: the initially more severe apraxic patients showed more 
improvement in apraxia. The patients showed improvement in ADL functioning. Less improvement in 
ADL functioning was consistently found to be associated with a more independent initial ADL score, 
higher age, and a longer time between stroke and first assessment. In the short term (week 8) a 
negative influence of apraxia and motor impairments on improvement in ADL functioning was 
observed. 

CLINICAL MESSAGES 
 Clinicians should be alert that apraxia may not recover spontaneously. 
 Recently acquired apraxia has a negative influence on ADL functioning. 
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