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Objective  To develop and standardize the Limb and Oral Apraxia Test (LOAT) for Korean patients and investigate 
its reliability, validity, and clinical usefulness for patients with stroke.
Methods  We developed the LOAT according to a cognitive neuropsychological model of limb and oral praxis. 
The test included meaningless, intransitive, transitive, and oral praxis composed of 72 items (56 items on limb 
praxis and 16 items on oral praxis; maximum score 216). We standardized the LOAT in a nationwide sample of 324 
healthy adults. Intra-rater and inter-rater reliability and concurrent validity tests were performed in patients with 
stroke. We prospectively applied the LOAT in 80 patients and analyzed the incidence of apraxia. We also compared 
the clinical characteristics between the apraxia and non-apraxia groups.
Results  The internal consistency was high (Cronbach’s alpha=0.952). The inter-rater and intra-rater reliability 
and concurrent validity were also high (r=0.924–0.992, 0.961–0.999, and 0.830, respectively; p<0.001). The mean 
total, limb, and oral scores were not significantly different according to age and education (p>0.05). Among the 80 
patients with stroke, 19 (23.8%) had limb apraxia and 21 (26.3%) had oral apraxia. Left hemispheric lesions and 
aphasia were significantly more frequently observed in the limb/oral apraxia group than in the non-apraxia group 
(p<0.001).
Conclusion  The LOAT is a newly developed comprehensive test for limb and oral apraxia for Korean patients with 
stroke. It has high internal consistency, reliability, and validity and is a useful apraxia test for patients with stroke.
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INTRODUCTION

Apraxia is described as a disorder affecting the execu-
tion of learned movement that cannot be explained by a 
motor or sensory deficit, incomprehension, or inatten-
tion to commands [1,2]. Apraxia is a common neurologic 
deficit after brain damage, and the prevalence of apraxia 
has been reported to be variable. It is estimated that up to 
70% of patients with left hemispheric stroke and 30% of 
patients with right hemispheric stroke experience apraxia 
during the subacute period [3]. Apraxia causes severe de-
terioration of the rehabilitation process after stroke and, 
consequently, severe decline in the ability to perform 
activities of daily living [4]. Therefore, it is important to 
evaluate praxis abilities in patients with stroke. However, 
apraxia is difficult to understand and study because of 
confusing terminology, remaining doubts on this disease, 
and the absence of a standardized apraxia test [5-7]. 

In the praxis model proposed by Gonzalez-Rothi et al. 
[2] in 1991, motor praxis can be generated using verbal 
and visual stimuli (object or gesture). Upon the applica-
tion of these stimuli, the information is analyzed pho-
nologically and visually, and sequentially enters into the 
phonological and action input lexicon. Thereafter, the 
action semantic system interprets the information mean-
ingfully, and final motor responses are selected and re-
vised through the action output lexicon and gestural buf-
fer. However, some information can be generated without 
cognitive processes, through what is referred to as ‘the 
visuomotor conversion mechanism’. 

The many different forms of apraxia can be classified 
according to type (e.g., ideomotor or ideational apraxia), 
task (e.g., dressing apraxia), lesion (e.g., callosal apraxia), 
effector (e.g., limb or oral apraxia), or modality (e.g., 
optical or tactile apraxia). Among the various types of 
apraxia, ideomotor apraxia is the classic model [3]. Ideo-
motor apraxia refers to impairment in executing the use 
of a tool or gesture, such that patients with ideomotor 
apraxia experience difficulty in performing appropriate 
actions related to verbal commands, visually presented 
tools, or imitating another person’s gestures. Ideational 
apraxia is believed to be linked to damage in the domi-
nant posterior parietal cortex that involves semantic 
memory impairment. There are two additional types of 
apraxia associated with the orofacial muscles: oral mo-
tor apraxia and apraxia of speech. Apraxia of speech is a 

motor speech disorder affecting the translation of con-
scious speech plans into motor plans, resulting in limited 
and difficult formation of sounds and words [8]. Unlike 
apraxia of speech, oral motor apraxia means impairment 
of non-speech vocal tract gestures [9].

Several assessments have been developed for the diag-
nosis of apraxia and the evaluation of patients with this 
disorder; however, few studies have used standardized 
comprehensive apraxia tests [10]. Many apraxia tests 
were developed in Western countries. Therefore, these 
tests may not be suitable for application in other coun-
tries because of language and cultural differences [11-15]. 
A comprehensive apraxia test for stroke and other brain 
disorders in Korean patients is not yet available.

The primary aim of this study was to develop a new 
comprehensive test for limb and oral apraxia (Limb and 
Oral Apraxia Test [LOAT]) that has good reliability and 
validity based on a cognitive neuropsychological model 
of limb praxis [2] and that is suitable for Korean patients 
with brain disorders. We also investigated the usefulness 
of the test in Korean patients with stroke.

MATERIALS AND METHODS

LOAT development process
Selection of items and scoring
The LOAT was developed in accordance with well-

accepted guidelines for test development and cultural 
adaptation [11,12,16]. First, we organized a committee 
for the development of the LOAT. The committee mem-
bers included 4 physiatrists, 1 neuropsychologist, and 1 
speech-language pathologist. We adopted the cognitive 
neuropsychological model of praxis developed by Gonza-
lez-Rothi et al. [2] to develop a new test for limb and oral 
apraxia. According to this model, final motor responses 
can be generated using verbal and visual stimuli (objects 
or gestures). Therefore, we chose three types of stimulus 
items for limb and oral apraxia: verbal, gesture, and vi-
sual object.

We thoroughly reviewed previously published screen-
ing and comprehensive apraxia tests, including the 
Test of Oral and Limb Apraxia [17], Frenchay Aphasia 
Screening Test-Revised [18], Apraxia Battery for Adults-2 
[19], apraxia screen of the Test of Upper Limb Apraxia 
[20], and apraxia subtest of the Western Aphasia Battery 
(WAB) [21]. All pooled items were given a score of 0 ‘in-
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appropriate’, 1 ‘partially appropriate’, or 2 ‘appropriate’ 
by each committee member, and only the 82 items that 
were scored 2 points by all the committee members were 
selected as items of the preliminary version of the LOAT. 
The committee also added new items considering spe-
cific cultural and language differences in Korea. Among 
the new items, only those with a content validity index of 
>0.7 were selected, and 30 items were added to the pre-
liminary version of the LOAT.

Finally, a total of 112 items were pooled for an inter-
item consistency reliability test, and these items were dis-
tributed throughout the subdomains of the LOAT (mean-
ingless, intransitive, and transitive gesture). We designed 
a 4-point scoring system that enables qualitative analysis: 
3 ‘normal’, 2 ‘adequate’ (target motor responses possible 
but with hesitance, delay, groping, and self-correction), 
1 ‘partially adequate’ (within the target motor response 
but with use of the hand as a tool or with an incorrect 
direction), and 0 ‘inadequate’ (no response, out of the 
target response, or perseveration). The final LOAT items 
were selected from the 112 preliminary items based on 
internal consistency assessed using Cronbach’s alpha. A 
total of 72 items (56 items for limb apraxia, 16 items for 
oral apraxia) were selected for the standardization of the 
LOAT. Therefore, the maximum scores for limb and oral 
apraxia are 168 and 48 points, respectively. The final test 
domains and number of LOAT items are shown in Fig. 1, 
and the details of the test items are provided in Appendix 1.

The results of apraxia tests can be misleading owing to 
cognitive impairment and aphasia. Therefore, we also 
developed a 5-item auditory comprehension screening 
test as a pretest for the LOAT. The pretest items are hier-

archically arranged from simple to complex sentences, 
and the response options are ‘yes’ (1 point) or ‘no’ (0 
point). 

Standardization of the LOAT
We recruited healthy adults for inter-item consistency 

testing and standardization of the LOAT. The inclusion 
criteria were as follows: (1) age ≥20 years; (2) >1 standard 
deviation of the score in the age-matched Korean version 
of the Mini-Mental State Examination (K-MMSE); and 
(3) no history of brain injury, psychiatric illness, or other 
neurological illness that can affect apraxia tests. A total of 
324 participants were recruited nationwide. We collected 
demographic data, Edinburgh Handedness Inventory 
scores, and K-MMSE scores. The LOAT was adminis-
tered to the participants by physiatrists, occupational 
therapists, speech-language pathologists, and psycholo-
gists who had completed education and training for the 
administration and scoring of the LOAT. The test results 
were analyzed according to age groups (decades) and 
education groups.

Reliability and validity testing
To verify the reliability and validity of the LOAT, 11 pa-

tients with brain disorders who met the following inclu-
sion criteria were enrolled: (1) a diagnosis of subacute 
supratentorial stroke (within 2 months of onset) based on 
brain imaging (computed tomography or magnetic reso-
nance imaging), (2) ability to understand the instructions 
of the apraxia test (≥3 correct responses out of 5 in the 
auditory comprehension screening pretest), and (3) no 
prior cognitive impairment or psychiatric illness. Patients 

Limb and Oral Apraxia Test (LOAT)

Auditory comprehension screening test (5)

Limp praxis
(meaningless)

(16)

Verbal command (8)

Imitation (8)

Limp praxis
(intransitive)

(16)

Verbal command (8)

Imitation (8)

Limp praxis
(transitive)

(24)

Verbal command (8)

Imitation (8)

Oral praxis
(16)

Verbal command (8)

Imitation (8)

Object (8)

Fig. 1. Components and number 
of items for each component in 
the Limb and Oral Apraxia Test 
(LOAT).



Limb and Oral Apraxia Test for Koreans

547www.e-arm.org

with infratentorial lesions or subarachnoid hemorrhage 
were excluded. 

For the intra-rater and inter-rater reliability test, we 
recorded movie clips of the responses of the 11 patients 
while applying the LOAT. Nine medical professionals, 
including medical doctors and speech-language patholo-
gists, scored each patient’s performance after watching 
the video. A correlation analysis was performed for inter-
rater reliability. For test-retest reliability, we provided 
the same video clips to the same medical professionals 2 
weeks later and performed a correlation analysis between 
the initial and second LOAT scores. To test concurrent 
validity, as there are no published standardized apraxia 
tests in Korean, we selected the subtest score of apraxia 
from the Korean version of the WAB (K-WAB). A correla-
tion analysis was performed between the LOAT and K-
WAB subtest scores in 17 patients with brain disorders. 

Clinical application of the LOAT in patients with stroke
We prospectively administered the LOAT and collected 

data on patients with stroke from the Department of 
Physical Medicine and Rehabilitation of Anam Hospital 
from May 2012 to February 2015. The inclusion and ex-
clusion criteria for these patients were identical to those 
mentioned above. Demographic data (age, sex, educa-
tion, and handedness) and neurological data (time after 
onset, lesion side, National Institutes of Health Stroke 
Scale [NIHSS] score, K-MMSE score, and presence of 
aphasia) were collected. The presence of aphasia was 
determined using the Korean version of the Frenchay 
Aphasia Screening Test or the K-WAB. During the ad-
ministration of the LOAT, the patients were instructed to 
gesture with the non-dominant hand unless that hand 
was not hemiplegic. Patients with a score of <2 standard 
deviations from the standardized reference value of the 
LOAT were classified into the apraxia group (cutoff score 
of limb apraxia=154.01, oral apraxia=42.0). We obtained 
informed consent from the participants. The study pro-
tocol was approved by the Institutional Review Board of 
Korea University Anam Hospital (No. 2014AN0330).

Statistical analysis
We performed statistical analysis using SPSS Statistics 

version 20 software (IBM, Armonk, NY, USA). A p-value 
of <0.05 was considered significant. Internal consistency 
was measured using Cronbach’s alpha. A correlation 

analysis between LOAT scores and age or education was 
performed using Pearson correlation, and intra-rater and 
inter-rater reliability and validity tests were conducted 
using Spearman correlation. Post-hoc analysis of LOAT 
scores was performed according to age and education 
groups of healthy participants. The Mann-Whitney U-test 
and the chi-square test were used to analyze differences 
between the apraxia and non-apraxia groups.

RESULTS

Results of the standardization of the LOAT 
A total of 324 healthy participants (113 males, 211 fe-

males) were enrolled for the standardization of the LOAT. 
The mean age of the participants was 51.0 years, and 
the mean education duration was 11.7 years. The mean 
K-MMSE score was 28.0 points. The place of residence 
with the highest number of participants was Gyeongsang 
Province, followed by Chungcheong Province and Seoul. 
The general characteristics of the participants are shown 
in Table 1.

The mean total score of the LOAT was 212.4 (out of 
216). The mean scores of the limb and apraxia subscales 
were 165.2 (out of 168) and 47.2 (out of 48), respectively. 
Pearson correlation showed no significant correlation 
between age, education, and LOAT total and subscale 
scores, except for the transitive semantic process (age: 
r=-0.151, p= 0.006; education: r=0.136, p=0.014). Further, 
post-hoc analysis of LOAT scores showed no significant 

Table 1. General characteristics of healthy subjects (n=324)

Variable Value
Age (yr) 50.98±20.99

Education (yr) 11.65±5.30

K-MMSE (30) 27.97±2.75

Limb and Oral Apraxia Test

   Auditory comprehension screening test (5) 4.80±0.45

   Limb apraxia test (168) 165.23±5.61

   Oral apraxia test (48) 47.20±2.60

   Total score (216) 212.43±7.59

Values are presented as mean±standard deviation.
The maximum score for each test is indicated in paren-
theses.
K-MMSE, Korean Version of the Mini-Mental State Ex-
amination.
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differences between the age and education groups (Table 2). 
The percentile values and relevant LOAT scores derived 
from 324 healthy participants are shown in Appendix 2.

Internal consistency, reliability, and validity of the LOAT
The internal consistency of the LOAT was high, and 

the Cronbach’s alpha value for the total items was 0.952. 
The Cronbach’s alpha value was 0.942 for limb apraxia 
and 0.821 for oral apraxia. The inter-rater reliability was 
also very high (r=0.949–0.989 for total, r=0.946–0.992 for 
limb apraxia, r= 0.924–0.970 for oral apraxia; p<0.001). 
The intra-rater reliability was 0.982–0.999, 0.964–0.999, 
and 0.961–0.999 for the total score, limb apraxia, and oral 
apraxia, respectively (p<0.001). In the assessment of con-
current validity, the correlation coefficients between the 
LOAT and K-WAB scores were 0.830 for the total scores 
(p<0.001), 0.840 for limb apraxia (p<0.001), and 0.699 for 
oral apraxia (p=0.002). 

Clinical application in patients with stroke
We initially selected 168 patients. A total of 80 patients 

(mean age, 63.09 years) were eventually enrolled based 
on the inclusion criteria. Among the 80 patients, 47 were 
men and 61 had ischemic stroke. The clinical character-
istics are shown in Table 3. 

Table 2. Limb and oral apraxia test scores according to age and education groups (n=324)

No. of patients Limb apraxia (168) Oral apraxia (48) Total score (216)
Age group (yr)

   20–29 91 166.52±3.80 47.64±1.06 214.15±4.39

   30–39 20 161.80±6.79 46.85±2.25 208.65±8.56

   40–49 35 163.77±10.55 45.89±6.79 209.66±17.11

   50–59 46 166.41±3.62 47.48±1.39 213.89±4.32

   60–69 42 163.57±4.62 46.95±1.67 210.52±5.41

   70–79 70 164.91±5.39 47.37±1.94 212.29±5.74

   ≥80 20 167.30±0.80 47.10±1.33 214.40±1.64

Education group (yr)

   0 17 167.00±1.50 47.65±0.70 214.65±1.90

   1–6 62 164.39±5.89 47.13±1.57 211.52±6.27

   7–9 33 165.42±3.86 47.18±1.31 212.61±4.68

   10–12 69 165.29±5.04 47.19±1.88 212.48±6.39

   >13 143 165.32±6.34 47.18±3.49 212.50±9.40

Total 165.23±5.61 47.20±2.60 212.43±7.59

Values are presented as mean±standard deviation.
The maximum score for each test is indicated in parentheses.
Post-hoc analysis showed no statistically significant differences between groups (p>0.05).

Table 3. General characteristic of stroke patients (n=80)

Variable Value
Age (yr) 63.09±13.55

Gender

   Male 47

   Female 33

Handedness

   Right 76

   Left 2

   Bilateral 2

Time between onset and LOAT (day) 21.75±18.05

Type of stroke 

   Ischemic 61

   Hemorrhage 19

Location of stroke

   Right 32

   Left 44

   Bilateral 4

Aphasia

   Present 27

   Absent 53

Values are presented as mean±standard deviation.
LOAT, Limb and Oral Apraxia Test.
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Of the 80 patients, 19 (23.8%) had scores <2 standard 
deviations in limb apraxia and 21 (26.3%) had oral 
apraxia. Fifty-five patients (68.8%) had neither limb 
apraxia nor oral apraxia (Table 4). Among the variables, 
the hemispheric site of stroke, presence of aphasia, NI-
HSS score, and K-MMSE score were significantly differ-
ent between the limb apraxia and non-apraxia groups. 
Among the 19 patients with limb apraxia, 16 (84.2%) had 
left hemispheric or bi-hemispheric stroke and 15 (78.9%) 
had aphasia. On the other hand, among the 61 patients 
with no limb apraxia, 31 (50.8%) had left hemispheric 

stroke and 12 (19.7%) had aphasia. Furthermore, cogni-
tive function, which was screened using the K-MMSE, 
and stroke severity, which was measured with the NIHSS, 
was worse in the limb apraxia group (p<0.001). No sig-
nificant differences were found in age, sex, time after on-
set (in days), handedness, or education level between the 
groups (Table 5). Similar results were found in the oral 
apraxia group (Table 4). 

We investigated the correlation of apraxia severity with 
the limb or oral apraxia score. The K-MMSE and NIHSS 
scores showed a strong correlation with the apraxia 

Table 4. Comparison of variables according to presence 
or absence of oral apraxia (n=80)

Variable
Oral apraxia 

(n=21)
No apraxia 

(n=59)
p-value

Age (yr) 61.76±14.05 63.56±13.45 0.55

Gender 0.228

    Male 10 37

    Female 11 22

Education (yr) 10.19±4.71 9.53±5.07 0.91

Handedness 0.91

    Right 20 56

    Left 0 2

    Bilateral 1 1

K-MMSE (30) 16.05±8.14 25.90±3.72 <0.001*

NIHSS 8.71±4.24 4.73±3.64 <0.001*

Location of stroke 0.001*

    Right 3 29

    Left 14 30

    Bilateral 4 0

Aphasia <0.001*

    Present 17 10

    Absent 4 49

Time between onset 
and LOAT (day)

25.52±20.05 20.41±17.26 0.27

LOAT score

    Limb apraxia (168) 125.05±40.81 163.29±6.59 <0.001*

    Oral apraxia (48) 33.00±10.68 47.07±1.35 <0.001*

    Total score (216) 158.67±50.53 210.42±7.29 <0.001*

Values are presented as mean±standard deviation.
The maximum score for each test is indicated in paren-
theses.
K-MMSE, Korean version of the Mini-Mental State Ex-
amination; NIHSS, National Institutes of Health Stroke 
Scale; LOAT, Limb and Oral Apraxia Text.
*p<0.01.

Table 5. Comparison of variables according to presence 
or absence of limb apraxia

Variable
Limb apraxia 

(n=19)
No apraxia 

(n=61)
p-value

Age (yr) 65.11±12.93 62.46±13.78 0.490

Gender 0.248

    Male 9 38

    Female 10 23

Education (yr) 9.95±4.98 9.63±4.99 0.827

Handedness 0.057

    Right 18 58

    Left 0 2

    Bilateral 1 1

K-MMSE (30) 14.84±7.77 25.95±3.54 <0.001*

NIHSS 9.32±4.11 4.67±3.56 <0.001*

Location of stroke <0.001*

    Right 3 29

    Left 12 32

    Bilateral 4 0

Aphasia <0.001*

    Present 15 12

    Absent 4 49

Time between onset 
and LOAT (day)

25.00±18.57 20.74±17.92 0.319

LOAT score

    Limb apraxia (168) 117.63±38.04 164.34±3.71 <0.001*

    Oral apraxia (48) 33.47±11.98 46.46±2.67 <0.001*

    Total (216) 152.00±49.33 210.80±5.39 <0.001*

Values are presented as mean±standard deviation.
The maximum score for each test is indicated in paren-
theses.
K-MMSE, Korean version of the Mini-Mental State Ex-
amination; NIHSS, National Institutes of Health Stroke 
Scale; LOAT, Limb and Oral Apraxia Text.
*p<0.01.
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score in the apraxia groups (limb apraxia group: K-
MMSE r=0.747, p<0.001 and NIHSS r=-0.733, p<0.001; 
oral apraxia group: K-MMSE r=0.678, p=0.001 and NIHSS 
r=-0.674, p=0.001). However, in the non-apraxia group, 
the K-MMSE and NIHSS scores did not correlate with the 
apraxia score. The apraxia test score (limb or oral score) 
and the K-WAB score showed statistically significant 
correlations in the limb or oral apraxia group and in the 
non-oral apraxia group in patients with left brain damage 
(limb apraxia group: r=0.845, p<0.001; no limb apraxia 
group: r=0.355, p=0.177; oral apraxia group: r=0.704, 
p=0.001; no oral apraxia group r=0.695, p=0.004). 

DISCUSSION

We aimed to develop a new comprehensive apraxia test 
battery for patients with stroke that would be suitable 
for the Korean culture and language. The LOAT was suc-
cessfully developed in accordance with well-accepted 
guidelines and standardized in 324 healthy adults from 
a nationwide sample. The reliability and validity tests 
for the LOAT showed high internal consistency and very 
high inter-tester and intra-tester reliability. The concur-
rent validity for patients with stroke was also high. After 
the administration of the LOAT to 80 patients with stroke, 
the results indicated that the LOAT is a reliable and valid 
assessment tool for apraxia in patients with stroke.

The neural basis of apraxia remains controversial. Ac-
cording to previous studies on apraxia [2,22], the praxic 
pathway consists of auditory and visuomotor conversion 
mechanisms. These mechanisms involve the conversion 
of external visual information into internal neural com-
mands appropriate for the desired motion. Motor plan-
ning is crucial in this conversion. Inadequate conversion 
results in performance errors that might increase the 
complexity of the movement. After the initial recognition, 
meaningful gestures are processed along the semantic 
route, whereas meaningless gestures are processed along 
the structural route only.

It has been reported that apraxia occurs in 30%–70% 
of patients with left brain damage and in 8%–30% of pa-
tients with right brain damage [3]. The results of the pres-
ent study showed that 31.2% of patients with stroke had 
either limb or oral apraxia. Considering the time after the 
onset of stroke, this incidence is similar to that in previ-
ous reports. Further, left lateralized lesions and the pres-

ence of aphasia were highly associated with limb and oral 
apraxia in patients with stroke. Many studies have sug-
gested that, in humans, praxic function shares the same 
functional neuroanatomy with language function [23-
25], and the severity of aphasia has a strong correlation 
with purposeful movement [26]. Previous studies have 
revealed that both language and praxis tasks activate the 
inferior frontal gyrus and supramarginal gyrus. Broca’s 
region seemed to be related to semantic processing-
linked language and meaningful action. However, pre-
motor, precentral, and postcentral gyrus lesions seemed 
to be more related to praxic function than to language 
function [25]. One previous study reported that most 
patients with ideomotor apraxia also had aphasia, and, 
conversely, many aphasic patients had apraxia [23]. 

In the present study, the K-MMSE and NIHSS scores 
showed strong correlations with the apraxia test scores in 
the apraxia groups. Therefore, we can assume that aprax-
ia is associated with the severity of stroke. Furthermore, 
according to logistic regression analysis, the most im-
portant contributing factor for apraxia was the K-MMSE 
score. This result is compatible with that of a previous 
study that revealed the relation between apraxia and cog-
nitive function [27]. 

Although apraxia is a common cognitive-motor defi-
cit after stroke, its assessment and treatment have yet to 
be fully addressed in the clinical setting. Furthermore, 
there are no reliable and valid assessment tools in the 
Korean language. The present study found that the LOAT 
has several strengths and advantages. First, the LOAT 
is a newly developed, comprehensive apraxia battery 
for Korean patients with brain disorders. The LOAT was 
developed in accordance with well-accepted guidelines 
and adapted for Korean culture [11,12]. Moreover, stan-
dardization was completed in a relatively large popula-
tion of healthy adults from a nationwide sample, and our 
results confirmed that the LOAT is a reliable and valid 
test for patients with stroke. Second, the LOAT consists 
of test items with high content validity and internal con-
sistency. Moreover, these items were evenly distributed 
according to the stimuli (verbal, gesture, and object) and 
semantic process (meaningless, transitive, and intransi-
tive) based on well-known conceptual models of apraxia. 
Furthermore, the LOAT is based on a 0–3 scoring system, 
which makes it possible to evaluate the quality aspects of 
motor responses such as groping, hesitation, and using 
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the hand as a tool. Third, the LOAT can be easily applied 
clinically in both inpatient and outpatient settings for pa-
tients with stroke or brain disorders. The LOAT requires 
15–20 minutes to administer. Any medical professional, 
including medical doctors, occupational or physical 
therapists, speech-language pathologists, and psycholo-
gists, can easily apply the LOAT after undergoing training 
on the administration and scoring of tests and measures. 
Either the limb or oral test can be applied for evalua-
tion purposes. Fourth, the individual LOAT scores are 
not dependent on age or education. Most cognitive and 
language tests are strongly influenced by age and edu-
cation; therefore, the interpretation of test results need 
careful consideration of these two factors. However, our 
correlation and post-hoc analysis results showed that in a 
healthy population, there were no significant differences 
between age groups or education groups. Therefore, the 
individual test scores of the limb, oral, or total LOAT can 
simply be compared with the provided reference values 
or percentile values. Lastly, the LOAT has an additional 
5-item auditory comprehension screening test as a pre-
test. Similar to many other cognitive tests, the evaluation 
of apraxia can be affected by language function, espe-
cially auditory comprehension. If a patient has severe 
auditory comprehension deficit, the test results can be 
misleading. Our results suggest that a score of ≥3 (out 5 
points) may indicate eligibility for a full test administra-
tion. Therefore, this screening pretest may help in the 
optimal selection of examinees and in the interpretation 
of test results.

A limitation of this study is that there is no gold stan-
dard for the diagnosis of apraxia, which hinders the as-
sessment of the sensitivity and specificity of the LOAT. 
Therefore, instead of absolute cutoff values for diagnos-
ing apraxia, we provided reference tables of mean and 
standard deviation and percentile values. These may 
help facilitate the clinical and research use of the LOAT in 
patients with apraxia.

Apraxia is a common cognitive-motor deficit after 
stroke. The LOAT is a newly developed comprehensive 
limb and oral apraxia test for Korean patients with brain 
disorders, especially for patients with stroke. The LOAT 
has high internal consistency, reliability, and validity and 
can be easily administered to patients after stroke. This 
test may aid in the diagnosis and rehabilitation of pa-
tients with apraxia and can be employed in future stroke 

research.
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Appendix 1. Limb and Oral Apraxia Test (LOAT) 

1. Screening test of auditory comprehension (5) 

※Scoring of each item is incorrect (0) and correct (1) by “Yes” or “No” answers.

① 이 방에 불이 켜져 있나요?

② 낙엽이 가을에 떨어지나요?

③ 자동차가 비행기보다 빠른가요?

④ 멈추라는 신호등의 색깔은 초록색인가요?

⑤ 고양이가 쥐한테 잡아 먹히나요?

2. Limb and Oral Apraxia Test (72) 

※Scoring of each item is incorrect (0), partially adequate (1), adequate (2), and correct (3).

1) Limb apraxia test (56)
(1) Meaningless gesture (16)

(2) Intransitive gesture

(3) Transitive gesture

Verbal command (8) Imitation of gesture (8)
① 두 번째 손가락을 코에 대세요. ① 엄지와 검지로 왼쪽 귀 잡기

② 엄지 손가락을 턱에 대세요. ② 손가락을 쫙 피기

③ 두 번째 손가락으로 눈썹을 훑어보세요. ③ 검지손가락으로 눈썹 훑기

④ 주먹을 쥐었다 펴보세요. ④ 주먹 쥐었다 펴기

⑤ 손을 반대편 어깨에 올리세요. ⑤ 팔을 구부렸다 펴기

⑥ 손을 머리 위에 놓으세요. ⑥ 손으로 머리 쓸어 넘기기 

⑦ 팔을 위로 들어올렸다가 내리세요. ⑦ 손바닥을 한쪽 뺨에 댄 후 반대편 뺨에 대기

⑧ 손으로 무릎을 치세요. ⑧ 주먹으로 이마치기

Verbal command (8) Imitation of gesture (8)
① 손을 흔들어 인사해 보세요. ① 하늘에 날아가는 새를 가리키는 시늉하기

② ‘최고’ 표시로 엄지손가락 들어 올리세요. ② 새끼 손가락으로 약속하는 시늉

③ ‘조용히 하라’(쉿) 표시해 보세요. ③ 가위바위보 중에서 가위 내기

④ 손짓해서 오라는 흉내를 내보세요. ④ 손짓해서 부르기

⑤ 거수 경례를 해보세요. ⑤ 반대쪽 어깨 위에 먼지 털기

⑥ 악수하는 흉내를 내보세요. ⑥ 손으로 멈추라는 신호 보내기

⑦ 국기에 대한 경례를 해보세요. ⑦ 국기에 대해 경례하기

⑧ 이마에 땀을 닦아보세요. ⑧ 이마에 땀 닦기

Verbal command (8) Imitation of gesture (8)
① 칼로 김밥 써는 흉내를 내보세요. ① 망치질하기

② 열쇠로 문 여는 흉내를 내보세요. ② 걸레질하기

③ 가위질하는 흉내를 내보세요. ③ 연필로 글씨쓰기

④ 연필로 글씨 쓰는 시늉을 해보세요. ④ 공 던지기

⑤ 빗자루질하는 흉내 내보세요. ⑤ 숟가락질하기

⑥ 톱질하는 시늉을 해보세요. ⑥ 칫솔질하기

⑦ 칫솔질하는 시늉을 해보세요. ⑦ 빗질하기

⑧ 머리를 빗질하는 흉내를 내보세요. ⑧ 컵으로 물마시기
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(4) Use of real objects (8)
① 열쇠
② 연필
③ 병따개
④ 이쑤시개
⑤ 칫솔
⑥ 빗
⑦ 컵
⑧ 모자

2) Oral apraxia test (16)

Appendix 2. Percentile values of the Limb and Oral Apraxia Test of healthy adults (n=324)

Verbal command (8) Imitation of gesture (8)
① 뽀뽀하는 흉내를 내보세요. ① 이를 보이며 미소짓기

② (양)볼을 풍선처럼 부풀려 보세요. ② 입술을 동그랗게 해서 앞으로 내밀기

③ 윗니로 아랫입술을 깨물어보세요. ③ ‘쯧쯧쯧’하고 혀 차기

④ 껌 씹는 흉내를 내보세요. ④ 입술에 묻은 우유 핥아 먹기

⑤ 볼을 혀로 밀어보세요. ⑤ 볼을 혀로 밀기

⑥ 혀를 내밀어 보세요. ⑥ 혀를 내밀기

⑦ 촛불 끄는 시늉을 해보세요. ⑦ 촛불 끄는 시늉하기

⑧ 빨대로 음료수 빠는 흉내를 내보세요. ⑧ 빨대로 음료수 빠는 흉내내기

Percentile Limb apraxia (168) Oral apraxia (48) Total score (216)
1 141 40 182.75

2 148.5 41 190

3 155 44 199

5 158 45 204

8 159 45 205

9 162 46 208

15 163 46 210

19 163 47 210

20 165 47 211

25 165 48 212

30 166 48 213

35 166 48 214

40 167 48 214

45 168 48 215

50 168 48 216

55 168 48 216

60 168 48 216

65 168 48 216

70 168 48 216

75 168 48 216

80 168 48 216

85 168 48 216

90 168 48 216

95 168 48 216

99 168 48 216


