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The survival rate of children admitted in the neonatal intensive care unit (NICU) after birth is 
on the increase; hence, proper evaluation and care of their neurodevelopment has become an 
important issue. Neurodevelopmental assessments of individual domains regarding motor, 
language, cognition, and sensory perception are crucial in planning prompt interventions for 
neonates requiring immediate support and rehabilitation treatment. These assessments are 
essential for identifying areas of weakness and designing targeted interventions to improve 
future functional outcomes and the quality of lives for both the infants and their families. 
However, initial stratification of risk to select those who are in danger of neurodevelopmental 
disorders is also important in terms of cost-effectiveness. Efficient and robust functional 
evaluations to recognize early signs of developmental disorders will help NICU graduates re-
ceive interventions and enhance functional capabilities if needed. Several age-dependent, 
domain-specific neurodevelopmental assessment tools are available; therefore, this review 
summarizes the characteristics of these tools and aims to develop multidimensional, stan-
dardized, and regular follow-up plans for NICU graduates in Korea. 

Keywords: Low birth weight infant, Neonatal intensive care unit, Neurodevelopmental disor-
der, Premature birth, Rehabilitation  
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INTRODUCTION 

Recent advances in neonatal care have led to an increase in the 
survival rates of preterm infants or those with low birth weight 
in Korea [1]. The average birth weight is declining, and the inci-
dence of preterm births is on the increase [1,2]. Because preterm 
or low birth weight infants are at high risk of developmental 
delays or disorders, early and regular assessments of neurode-
velopmental outcomes of graduates of neonatal intensive care 
units (NICUs) should continue immediately after discharge [3]. 
However, there is significant heterogeneity in the neurodevel-
opmental assessment follow-up policies in different countries 
[4]. A variety of development assessment tools are available for 
each domain and age range; however, a consensus gold standard 
is still lacking in terms of defining the best neurodevelopmental 
assessment and follow-up program for the early diagnosis of de-
velopmental delay [5,6]. 

Early identification of infants at high risk of developmental 
delays or disorders is critical for timely referral for appropri-
ate intervention and family counseling. Proper surveillance of 
neurodevelopmental outcomes of infants is necessary due to 
the following: (1) early detection or diagnosis of developmental 
delay or neurodevelopmental disorders; (2) timely intervention 
and provision of individualized care within critical periods for 
better outcomes; (3) to educate family/caregivers regarding the 
developmental status, prognosis, and any possible problems or 
dangers of infants to prevent further deterioration; and (4) to 
improve functional outcomes of these infants and the well-being 
and quality of life of the entire family. Earlier involvement of 
parents in the care of babies with neurodevelopmental impair-
ments before hospital discharge from the NICU is known to be 
effective in improving the parent-infant relationship, providing 
a nurturing environment, and targeting the intervention for 
individualized infant and family needs [7]. There should be 
sufficient parental education on useful and safe home exercises 
or play, information on proper feeding, positioning, sleep, and 
any available social services. In the future, these developmental 
interventions beyond the NICU should be updated with evi-
dence-based intervention techniques for individual diagnoses. 

Regular hospital visits for neurodevelopmental assessments 
after NICU discharge is widely acknowledged; however, there 
should be a systematic follow-up program for both appropriate 
diagnosis of neurodevelopmental delay and assessment of the 
efficacy of developmental interventions [5]. Developmental 
surveillance programs for NICU graduates should include all 

domains of neurological, motor, language, cognition, perception, 
and social skills. Moreover, this program should be encouraged 
to consider each child’s developmental status, caregiver’s socio-
economic status, individualized therapeutic program, healthcare 
resources, and social services or welfare [8,9]. This review sum-
marizes the current evidence of available neurodevelopmental 
assessment tools for each domain and suggests appropriate Ko-
rean surveillance guidelines for NICU graduates. 

I. EARLY NEURODEVELOPMENTAL 
ASSESSMENT PLAN 

Developmental surveillance should consider appropriate timing 
and intervals in terms of cost-effectiveness and availability of 
healthcare resources. If NICU graduates have more severe risk 
factors, they would be at an even higher risk of various develop-
mental problems [10-12]. Several risk factors that must be evalu-
ated during NICU stay are summarized in Table 1 for clinicians 
not to delay neurodevelopmental evaluation for referral to the 
Department of Pediatric Rehabilitation Medicine. According to 
the numbers and grades of risk factors (Table 1), a corrected age 
(CA) to visit for neurodevelopmental surveillance and follow-up 
periods are suggested in Fig. 1 [3,5,10,13,14]. 

Early developmental screening is recommended within less 
than 1 month after discharge if there is at least one high risk 
factor; any organic brain lesion, such as grade 3 or 4 intraven-
tricular hemorrhage, cystic periventricular leukomalacia, infarc-
tion, hypoxic ischemic encephalopathy, neonatal meningitis or 
encephalitis, and congenital brain malformation, ventriculomeg-
aly, etc.; any feeding disorders associated with malnutrition; 
neonatal sepsis; bronchopulmonary dysplasia with mechanical 
ventilation until gestational age of 36 weeks; hyperbilirubin-
emia; any congenital or neuromuscular disorder, confirmed 
with gene study; extremely preterm (<28 weeks); extremely low 
birth weight (<1,000 g); high social risk such as any domestic 
violence or child abuse, severe poverty or homelessness, no 
antenatal care provided, caregivers’ intellectual disability or psy-
chological problems; any tone abnormality of hyper/hypotonia 
or fluctuating tones are observed; or a history of infantile spasm 
or status epilepticus (Table 1). If any neurodevelopmental delay 
is suspected at the initial immediate follow-up, next follow-up 
visits or further evaluations should be determined at the physi-
cian’s discretion according to the individual infant’s medical and 
neurological conditions. Otherwise, later visits can be scheduled 
as routine follow-ups for low-risk NICU graduates. Further-
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more, an immediate intervention plan and/or education can be 
suggested for those with high-risk factors while still in hospital, 
rather than waiting for a confirmative diagnosis of developmen-
tal impairments [3]. 

Afterwards, moderate risk factors should be screened: very 
preterm (28–32 weeks) or very low birth weight (1,000–1,500 g) 
neonates; multiple pregnancies more than twins or discordant 
twins who show significantly different birth weight between 
twins; diagnosis of sensory abnormality, such as hearing or vi-
sual impairment, and severe retinopathy of prematurity; small 
for gestational age, that is, birth weight less than 10th percentile 

for gestational age; major perinatal surgery in the brain, heart, 
thorax, or abdomen including necrotizing enterocolitis opera-
tion; moderate to late preterm (32–37 weeks) or low birth weight 
(1,500–2,500 g) with any clinical perinatal event like epilepsy or 
feeding problems (Table 1). If two or more moderate risk factors 
are present, NICU graduates are required to be followed-up for 
neurodevelopmental screening within less than 1 month after 
discharge, similar to the existence of one high-risk factor. On the 
other hand, if there is only 0–1 moderate risk factor, it is recom-
mended that NICU graduates should have regular checkups at a 
CA of 3–4 months for the first visit. Thereafter, further follow-up 
visits for neurodevelopmental assessment are recommended at 
CA of 8–9 months, 12– 18 months, 24 months, and 36 months 
(Fig. 1). 

However, the follow-up schedule should be refined by cli-
nicians based on the functional and/or medical status of each 
infant. For example, if any special diagnosis is made, such as 
genetic or neurodegenerative diseases, the follow-up schedule 
should be individualized through experts’ and multidisciplinary 
care plans. Although the Bayley Scales of Infant Development 
(BSID) is an extensive formal developmental assessment tool 
for diagnosing developmental delays in early childhood for 1 to 
42 months old babies (Table 2), it cannot predict long-term out-
comes of development, especially when assessed at a young age 
such as before CA of 24 months old [13,15]. For those still undi-
agnosed with extremely preterm birth (<28 weeks) or extremely 
low birth weight (<1,000 g), BSID is strongly recommended at a 
CA of 36 months. Likewise, individual decision-making regard-
ing which and when each neurodevelopmental assessment tool 
to choose would enrich better clinical practice and more accu-
rate assessments. 

II. OVERVIEW OF NEURODEVELOPMENTAL 
ASSESSMENT TOOLS 

Currently available neurodevelopmental assessment tools are ex-
tremely varied at each age band. A regular neurodevelopmental 
follow-up program should include all developmental domains 
for more accurate surveillance and diagnosis, including motor, 
sensory perception, cognition, and language. Irrespective of how 
comprehensive neurodevelopmental assessment tools are em-
ployed, they are often insufficient, and clinicians should decide 
on additional specialized diagnostic tools for specific domains 
regarding individual functional status. Based on a compre-
hensive history taking and physical/neurological examination, 

Table 1. Risk factor checklist for a surveillance of neurodevelopmental 
assessment after neonatal intensive care unit discharge

High risk factors
Brain lesion

 Grade 3 or 4 intraventricular hemorrhage

 Cystic periventricular leukomalacia

 Infarction

 Hypoxic ischemic encephalopathy

 Neonatal meningitis OR encephalitis

 Congenital brain malformation, ventriculomegaly, etc.

Any feeding disorders associated with malnutrition

Neonatal sepsis

Bronchopulmonary dysplasia with mechanical ventilation until 
gestational age of 36 wk

Hyperbilirubinemia (bilirubin >400 μmol/L or clinical evidence of 
bilirubin encephalopathy)

Diagnosis of genetic or neuromuscular disease (spinal muscular 
atrophy, myopathy, etc.)

Extremely preterm (less than 28 wk)

Extremely low birth weight (less than 1,000 g)

High social risk (e.g., domestic violence, previous child abuse, severe 
poverty or homelessness, no antenatal care, intellectual disability 
or psychologic problem of caregiver, multicultural family)

Tone abnormality (definite hyper- or hypotonia, fluctuating tone)

History of infantile spasm or status epilepticus

Moderate risk factors
Very preterm (28–32 wk) OR very low birth weight: less than 1,500 g

Multiple pregnancy (more than twin, or twin discordance such as a 
significant birth weight difference in twins)

Known sensory abnormality (hearing, vision [including severe reti-
nopathy of prematurity], etc.)

Small for gestational age: birth weight <10th percentile for gestational 
age

Major surgery including necrotizing enterocolitis operation (brain, 
cardiac, thoracic, or abdominal)

Moderate to late preterm (32–37 wk) OR low birth weight: less than 
2,500 g

Any clinical event during perinatal period (seizure event, feeding 
problem etc.)
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Fig. 1. Neurodevelopmental surveillance and follow-up periods according to risk factors after discharge from neonatal intensive care 
unit (NICU). CA, corrected age; BSID. Bayley Scales of Infant Development.

including growth, primitive reflexes, postural reactions, develop-
mental history, social/family history, and musculoskeletal eval-
uation, experienced clinicians should be able to decide any nec-
essary further evaluations, including blood tests, genetic studies, 
or imaging modalities [5]. 

Categorical neurodevelopment assessment tools are summa-
rized and compared in detail in Table 2. Each assessment tool 
is characterized by its target age range, test type characteristic 
about whether it is norm-referenced based on standard score 
or criterion-referenced, suggesting a clear-cut cut-off score for 
diagnosis, evaluation of components within domains, diagnostic 
criteria, average time to administer, and immediate availability 
of the Korean-translated version and/or education for evaluators. 
Among them, the Denver Development Screening Tool (DDST), 
BSID, Korean-Developmental Screening Test (K-DST), Peabody 
Developmental Motor Scales (PDMS), Korean-Wechsler Pre-
school and Primary Scale of Intelligence-IV, and Developmental 
Test of Visual-Motor Integration-6 (VMI-6) are currently cov-
ered by National Insurance in Korea. 

Furthermore, currently accumulated evidence on predictive 

accuracy regarding the reliability, internal consistency, and valid-
ity of each development assessment tool is searched and gathered 
in the Supplementary Tables S1-S4 to help healthcare profes-
sionals make a more convenient decision. Reliability is the extent 
to which patients can be distinguished from normal despite 
measurement errors and is evaluated through inter-/intra-rat-
er intraclass correlation coefficient (ICC) or Cohen’s weighted 
kappa values. It is “+” if ICC or kappa ≥0.70, “–” for <0.70, and 
“0” if no available information is found for reliability. Internal 
consistency is the extent to which items within a domain are 
inter-correlated to measure the same construct; it is “+” if factor 
analysis was provided with adequate sample size and Cronbach’s 
alpha values are ≥0.70, “–” if Cronbach’s alpha <0.70, and “0” if 
no available information was found for consistency. Content va-
lidity is the comprehensiveness of items in the assessment tools 
for the domain of interest: “+” if a clear description about the 
measurement aim, target population, and item selection while 
target population and evaluators or experts were involved in this 
item selection, “–” if target population or experts did not involve 
item selections, “0” if no information was found, and “?” if the 

NICU graduates

Consider BSID at 36 mo 
for those who were born 
<28 wk or <1,000 g

If low risk of developmental disorders, later 
follow-up visits follow routine check-up

If suspicious of developmental 
disorders, later follow-up evaluation/
management is determined by 
physicians' decision according to the 
child's conditions

Visit CA 3–4 mo

Visit CA 12–18 mo

Visit CA 8–9 mo

Visit CA 24 mo

Visit CA 36 mo

Consider immediate parents 
education before discharge

Visit within 1 mo after 
discharge

≥2 Moderate risk factor

≥1 High risk factor No high risk factor

0–1 Moderate risk factor
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description of these aspects is lacking. Criterion validity is the 
extent to which the test scores are related to a gold standard, and 
is demonstrated through the correlation coefficient: “+” if coef-
ficient ≥0.70, “–” if <0.70, and “0” if no information is suggested. 
Construct validity is the extent to which scores on a specific do-
main measure the intended theoretical construct or concept. It is 
assessed as “+” if specific hypotheses were formulated and ≥75% 
of the results are in accordance, “–” if <75% of hypotheses were 
confirmed, “0” if no information was available, and “?” only if 
doubtful hypotheses or method exists [16]. 

Developmental delay screening 
Screening tools are often used prior to an accurate diagnosis of 
developmental delay. A literature search for proper developmen-
tal delay screening tools, revealed that K-DST [17], and Kore-
an-Ages and Stages Questionnaires (K-ASQ) [18,19] are avail-
able in Korean versions. The first screening is usually performed 
with DDST-II, inclusive of the gross motor, fine motor-adaptive, 
language, and personal-social domains [20]. “Delay” is indi-
cated if a child fails an item that more than 90% of children of 
the same chronological age were able to do, and “caution” is 
indicated if a child fails an item that 75%–90% of children of the 
same chronological age were able to do. Developmental delay 
was suspected if there were two or more cautions and/or one or 
more delays. This criterion-based test showed a high inter-ob-
server and test-retest reliability and sensitivity of 0.83 and spec-
ificity of 0.51, respectively [21,22]. If a developmental disorder 
is suspected from DDST-II, a more thorough, discriminative 
evaluation of BSID is usually recommended to follow as a diag-
nostic assessment, which is norm-based test to evaluate gross 
motor, fine motor, cognition, communication, social/emotional, 
and adaptive domains, which can suggest a high risk of devel-
opmental delay if below 2 standard deviation (<25 percentile) 
[23,24]. BSID is popularly used to diagnose developmental delay 
in terms of which domain shows a problem and how much delay 
is presented in terms of percentiles [18,25]. In particular, BSID 
at the age of 2 years is known to predict motor impairment at the 
age of 4 years old [10,26]. 

Motor function 
Standardized neuromotor assessment tools are intended to 
discriminate or identify any abnormalities in antigravity and/
or spontaneous movements elicited by infant motor patterns, re-
flexes, or muscle tone [27]. In contrast, most neurobehavioral as-
sessment tools assume that the emergence of motor skills follows 
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the same sequence as rolling, sitting, crawling, and walking and 
evaluate social/attentional and autonomic responses of infants 
according to gestational age. Although the Hammersmith Infant 
Neurologic Examination (HINE) evaluates both neurological 
and neurobehavioral domains, only a neurological domain of 
cranial nerve function, posture, voluntary movement, tone, and 
reflexes/reactions are scored to describe the risk of cerebral palsy 
(CP). Also, the Movement Assessment of Infants (MAI), PDMS 
for infant (from 2 weeks to 11 months CA), and Neurosensory 
Motor Developmental Assessment (NSMDA) evaluate both do-
mains; scoring primitive reflexes, postural reactions, and muscle 
tone for neuromotor assessment as well as checking gross and 
fine motor development through observing elicited or volitional 
movements for neurobehavioral assessment. 

The general movements (GMs), HINE, and Test of Infant 
Motor Performance (TIMP) are the most popular neurodevel-
opmental assessment tools that are recommended for the early 
diagnosis of CP before 5 months’ CA, together with brain im-
aging evaluations [14]. As well as considering risk factors (Table 
1), early detection of CP or other developmental disorders can 
be achieved with using a combination of several standardized 
motor assessment tools and proper neuroimaging [14]. In in-
fants with later infancy after 5 months’ CA, additional to HINE, 
the physical development domain of Developmental Assessment 
of Young Children, Alberta Infant Motor Scale (AIMS), and 
NSMDA are also recommended in combination as known to 
be predictive in the diagnosis of motor impairments, especially 
when brain magnetic resonance imaging is neither affordable 
nor available due to safety conditions [14,28]. 

During the earliest age, GM is useful and “fidgety” movement 
during CA between 3 and 4 months of age has been shown to 
have the best predictive validity of motor impairments [29,30]. 
Both GM and TIMP showed the strongest psychometric prop-
erties and predictive validity to better anticipate future motor 
outcomes and evaluate the effect of interventions [27]. On the 
other hand, HINE focuses more on neurologic impairment than 
on current motor function to propose a cutoff score in each age 
range to discriminate the risks of permanent motor impairment 
[31,32]. PDMS and AIMS have strong discriminative validity 
because they have a norm-referenced value from sufficiently 
large populations [33,34]. MAI is strong at an earlier age (younger 
than 4 months), such as GM and TIMP, while AIMS and NSM-
DA are generally for older ages (8–12-month-old) [35]. 

Various assessment tools exist specifically for each age band 
and subtest domain for NICU graduates to detect subtle changes 

in motor development for stratification of the severity of motor 
impairments and evaluation of the effect of treatment. There-
fore, a uniform use of comprehensive motor assessment tools for 
sequential follow-up with a large population would be helpful in 
clarifying how NICU graduates follow and catch up on motor 
development milestones. Unfortunately, only PDMS is available 
in the formerly Korean-translated version; however, most other 
tools are already in common use with the English version. Al-
though motor development is assumed to be similar in different 
countries, the new population displays different norms for each 
assessment tool [36]. Professionals involved in motor surveil-
lance should also remember cultural effects on motor milestones 
and context-specific test results. 

Language and cognitive function 
If the language scale from the BSID results is suggestive of lan-
guage function impairments, standardized language assessment 
batteries usually follow. New language assessment tools using 
the Korean language should be developed to evaluate commu-
nication skills. For comprehensive language evaluation, the 
Preschool Receptive-Expressive Language Scale (PRES) and 
the Sequenced Language Scale for Infants (SELSI) are the most 
popular and widely used tools with 56 questions on SELSI and 
45 questions in PRES for receptive and expressive language, 
respectively [37]. The Paradise-Fluency Assessment (P-FA) as-
sesses fluency using a picture representing words, sentences or 
speaking, and repetition task [38]; and Korean-MacArthur-Bates 
Communicative Development Inventories (K-M-B CDI) uti-
lizes parent-report questionnaires about a vocabulary checklist 
to evaluate communication skills [39]. The Peabody Picture 
Vocabulary Test-Revised (PPVT-R) and the Receptive Expres-
sive Vocabulary Test (REVT) are tools for assessing vocabulary 
capacity. Although different target age ranges are suggested for 
each assessment tool, a combination of several tools is usually 
recommended owing to the different test domains and scoring 
methods (Table 2) [37].  

These language assessment tools use structured question or-
ders, since more difficult questions for older children appear 
later than easier questions. Therefore, a norm-based interpreta-
tion can be used based on score distributions according to each 
age band, usually at 2–3-month intervals, with mean values and 
standard deviations. Then, the result can report the raw scores 
of each domain, which can be calculated as equivalent age and 
percentile. Picture consonant articulation test (PCAT) is only a 
criterion-based test that calculates percentage of correctly pro-
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nounced consonants (% accuracy). It uses an object containing 
the phoneme to be tested or a corresponding picture, and asks 
children to speak the word to evaluate the accuracy of articula-
tion and to determine any disability or articulation based on the 
age at which certain consonants are acquired [40]. 

In Table 2, the time to administer and the availability of Kore-
an versions/education are empty for language assessment tools. 
The time taken for language assessments varies considerably 
according to individual cooperation or cognitive level, medical 
status, and environment. It is difficult to accurately estimate 
the time required; however, 30–60 minutes are usually allocat-
ed as the evaluation time. Education for language assessment 
is unavailable to common users because speech and language 
pathologists with professional training, degrees, and national 
certification oversee every language assessment and treatment in 
Korea. Therefore, essential personnel preparation must first be 
established for follow-up language assessments. 

As an initial screening tool for cognition, the cognitive scale 
from the BSID is useful for the age range of up to 42 months. 
The Wechsler Preschool and Primary Scale of Intelligence 
(WPPSI) is the most popular assessment tool for evaluating 
cognition. The Wechsler Intelligence Scale for Children (WISC) 
is for higher age, although some overlapping age bands exist 
around 6 to 7 years [41]. When interpreting the different re-
sults of each evaluation tool around this age, clinicians should 
remember that the two tests can produce a different cognitive 
profile, and WISC could result in lower scores on the subtest of 
vocabulary, matrix reasoning, and bug/symbol search compared 
to WPPSI [41]. 

Sensory-perception function 
Sensory perception is important in early development, espe-
cially during critical periods of neuroplasticity and refinement 
[42]. Because most early interventions focus on an enriching 
environment for this neuroplasticity, the existence of sensory 
deprivation is a huge barrier for NICU graduates to catch up on 
developmental milestones after discharge. Most NICU graduates 
suffer from visual perception, visual-motor integration, and co-
ordination impairments that affect later learning disabilities and 
school activities [43]. Therefore, appropriate sensory perception 
function assessments must be combined with regular develop-
mental follow-up programs. 

For visual sense assessment tools, the neonatal visual assess-
ment is for the earliest age from 35 weeks to 1 year of age, which 
is appropriate for use during NICU stay [44]. Preverbal Visual 

Assessment (PreViAs), a simple questionnaire of 30 items, is for 
0–24 months old babies [44,45], while the VMI-6, a nonverbal 
test using figure and shapes, culture-free, standardized easy 
tool, is for 2–90 years old including adults, which can provide a 
result of equivalent age for visual motor coordination function 
[46]. The Sensory Processing Measure-Preschool (SPM-P) is for 
preschool age of 2–5 years old and assesses how the child is pro-
cessing sensory stimuli and how the sensory needs are reacting 
to different environments. The social participation measure is 
unique in the SPM-P and can evaluate over/under-responsive-
ness to sensory stimuli [47]. Sensory Profile 2 is a recently updat-
ed version of Sensory Profile 1 for infant (0–6 months), toddler 
(7–35 months), and child (3–14 years old). This tool requests for 
caregiver observations or judgment about sensory processing 
patterns and impact on functional performance, giving the score 
for each quadrant of searching, avoiding, sensitivity, and regis-
tration [48,49]. The Test of Sensory Functions in Infants (TSFI) 
tests five domains: tactile deep pressure, visual tactile integra-
tion, vestibular functions, ocular motor control, and reactivity to 
vestibular stimulation [50,51]. A stronger understanding of how 
children’s sensory processing patterns can impact daily function, 
participation, and daily activities is needed to plan further inter-
ventions. 

CONCLUSION 

This guideline summarizes neurodevelopmental surveillance 
methods for patients who have been cared for and discharged 
from the NICU until the age of approximately 3 years. This is 
based on risk factor stratification and currently available assess-
ment tools for each development domain. This surveillance pro-
gram aims to enable early diagnosis and timely intervention for 
people with developmental disorders to support their functions 
and quality of life. Although there is still a lack of evidence-based 
early treatment guidelines for NICU graduates, this standardized 
post-discharge neuromotor development surveillance program 
would lead to a more concrete database for identifying those 
who need early rehabilitation interventions in the future. 
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INTRODUCTION 

Cardiac surgery is a procedure associated with increased survival 
and quality of life, but there are deleterious effects such as wors-
ening pulmonary function and functional capacity [1]. These 
last two events are related to the decrease in ventilatory muscle 
strength common in this patient submitted to cardiac surgery, 
which may increase the length of hospital stay and postoperative 
complications [1-3]. 

To review the evidence about inspiratory muscle training (IMT) in patients in postoperative of 
cardiac surgery. We conducted this systematic review used the databases Ovid, LILACS, CINAHL, 
PubMed, PEDro, and CENTRAL. Randomized clinical trials that addressed IMT after cardiac sur-
gery were selected. The outcomes assessed were maximum inspiratory pressure (MIP), maximum 
expiratory pressure (MEP), tidal volume (TV), peak expiratory flow (PEF), functional capacity 
(6-minute walk test) and length of hospital stay. The mean difference between groups and the 
respective 95% confidence interval (CI) were calculated and used to quantify the effect of con-
tinuous outcomes. Seven studies were selected. The IMT was superior to the control over MIP 
15.77 cmH2O (95% CI, 5.95–25.49), MEP 15.87 cmH2O (95% CI, 1.16–30.58), PEF 40.98 L/min 
(95% CI, 4.64–77.32), TV 184.75 mL (95% CI, 19.72–349.77), hospital stay -1.25 days (95% CI, 
-1.77 to -0.72), but without impact on functional capacity 29.93 m (95% CI, -27.59 to 87.45). 
Based on the results presented, IMT was beneficial as a form of treatment for patients after car-
diac surgery. 
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In this scenario, inspiratory muscle training (IMT) appears as 
a fundamental strategy to minimize the negative damage caused 
by the surgical procedure, being a non-invasive technique, with 
good applicability in the hospital environment and in the inten-
sive care unit (ICU). Some studies suggest that the IMT improve 
significant the respiratory muscle strength, tidal volume and 
peak expiratory flow [4-9]. Our group has already demonstrated 
that performing IMT and decreasing muscle loss is associated 
with improved functional capacity and potential benefit over the 
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and finished in November 2020. 

Search 
The research was based on the PICOS [13] strategy previously 
described and Boolean operators AND and OR. We used as 
descriptors for the population cardiac surgery, cardiac surgeries, 
coronary artery bypass graft, CABG, and myocardial revascular-
ization. For the intervention we used exercise, IMT, respiratory 
exercise, and breathing exercises. For outcomes were muscle 
strength, maximum inspiratory pressure (MIP), maximum 
expiratory pressure (MEP), MIP, MEP, inspiratory pressure, ex-
piratory pressure, volume tidal, peak flow, functional capacity, 
and length of stay. As descriptors for the study design, we use 
randomized controlled trials clinical trials, and controlled trials. 

Study selection 
Randomized controlled trials enrolling cardiac surgery patients 
were included in this systematic review. To be eligible, the clini-
cal trial should have assigned CABG surgery patients to a group 
of IMT alone. Studies with adults (18 years and older), regardless 
of sex, were also included. IMT was defined as training methods 
that applied loads only during inspiration and that aimed to in-
crease strength and/or endurance of the inspiratory muscles. 

Exclusion criteria were studies that involved another type of 
exercise combined with muscle training, aerobic exercises and 
IMT initiated in the preoperative period. 

Data collection process 
To extract the selected articles, we checked titles (first stage), ab-
stracts (second stage), and complete reading (third stage). Then, 
an exploratory reading of the selected studies was carried out 
one, later, selective and analytical reading. The data extracted 
from the articles were summarized in authors, magazine, year, 
title, and conclusions, to obtain important information for the 
research. 

The evaluation of the methodological quality of the studies 
was carried out by two independent reviewers. When there was 
disagreement between them, the article was read in full for reas-
sessment. If the disagreement persisted, a third reviewer assessed 
and made the final decision. 

Data items 
Two authors independently (ALLC and LOS) extracted data 
from the published reports using standard data extraction con-
sidering: (1) aspects of the study population, such as the average 

length of hospital stay in patients undergoing coronary artery 
bypass grafting (CABG) [10,11]. 

Thus, it becomes necessary to identify the best scientific 
evidence on the effect of IMT performed in the postoperative 
period and its influence on the clinical and functional aspects of 
these patients. The last review on the topic is in 2017 [4]. In re-
cent years, new articles have been published making the update 
valid. The aim of our work is to review the effects of IMT and 
its impact on respiratory muscle strength, pulmonary function, 
functional capacity, and length of hospital stay in patients under-
going cardiac surgery.  

METHODS  

Protocol and registration 
This meta-analysis was completed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
ysis (PRISMA) [12] guidelines. It is registered in PROSPERO 
(international prospective register of systematic reviews) under 
number CRD42021218265. 

Eligibility criteria 
To perform this systematic review, the Population, Interven-
tion, Control, Outcomes and Study type (PICOS) [13] strategy 
was used, where the Population studied were patients under-
going myocardial revascularization, the Intervention was IMT, 
compared with patients who did not undergo the training or 
traditional method. Traditional method was defined as that 
performed without adjustment based on anaerobic threshold. 
The Outcomes were related to inspiratory and expiratory mus-
cle strength, pulmonary functional (tidal volume and peak 
expiratory flow), functional capacity and length of hospital stay. 
Functional capacity was assessed by a submaximal test called 
the 6-minute walk test (6MWT). The point in time was until 
the moment of hospital discharge. Randomized controlled trials 
were used, without language and year restriction. 

Information sources 
We performed a computer-based search, querying Ovid MED-
LINE, LILACS, CINAHL (Cumulative Index to Nursing and 
Allied Health), PubMed, PEDro (Physiotherapy Evidence 
Database), and the CENTRAL (Cochrane Central Register of 
Controlled Trials). We also searched the list of references from 
previous systematic reviews and from the clinical trials eligible 
for this review. The search for the articles started in August 2020 
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age, sex, number of patients, diagnosis; (2) aspects of the inter-
vention performed (sample size, type of IMT performed, pres-
ence of supervision, intensity, frequency, length, and duration of 
each session); (3) follow-up; (4) loss to follow-up; (5) outcome 
measures; and (6) presented results. 

The quality of each study 
Methodological quality was assessed according to the criteria 
of the PEDro scale, which scores 11 items, namely: 1, eligibility 
criteria; 2, random allocation; 3, hidden allocation; 4, baseline 
comparison; 5, blind individuals; 6, blind therapists; 7, blind 
evaluators; 8, adequate follow-up; 9, intention to treat the anal-
ysis; 10, comparisons between groups; and 11, point estimates 
and variability. Items are scored as present (1) or absent (0), 
generating a maximum sum of 10 points, with the first item not 
counting [14]. 

Whenever possible the PEDro scores were extracted from the 
PEDro database itself. When the articles were not found in the 
PEDro database, two trained independent reviewers assessed 
the article with the PEDro scale. The studies were considered of 
high quality if they had scores equal to or greater than 6. Studies 
with scores lower than 6 were considered as having low quality. 

Synthesis of results 
The presence of heterogeneity was evaluated using the chi-
squared test and the I2 statistic. This statistic illustrates the 
percentage of variability in effect estimates from heterogeneity 
rather than sampling error. 

Statistical assessment 
The mean difference (MD) between groups and the respective 
95% confidence interval (CI) were calculated and used to quan-
tify the effect of continuous outcomes. For the meta-analysis in 
which the studies used the same scales, the results were present-
ed as MD and 95% CI. Otherwise, the effects were calculated 
using standardized mean difference (SMD) and 95% CI. The 
effect size of the interventions was defined as small (MD<10% of 
the scale or SMD<0.4); moderate (MD=10%–20% of the scale or 
SMD=0.41–0.70), or large (MD>20% of the scale or SMD>0.70) 
[15]. 

RESULTS 

Selection and characteristics of studies 
We found 3,512 articles, of which seven studies [3,10,11,16-19] 

were considered eligible for systematic review (Fig. 1). Table 1 
presents the characteristics of the studies.  

Results of methodological quality  
In the evaluation of methodological quality with the PEDro 
scale, the scores of seven articles were already available in the 
PEDro database [3,14,16-19] and that of an article [11] was 
evaluated by two independent reviewers, as it has not yet was 
available. The scores ranged from 3 to 7 points on a scale of 0 to 
10 points (Table 2). All studies lost points in the items related to 
the blinding of the patient and therapist, and only three studies 
[3,11,16] blinded the evaluator. 

IMT protocols for different outcomes 
Seven studies [3,10,11,16-19] applied IMT after myocardial 
revascularization followed up to hospital discharge (n=181). 
Manapunsopee et al. [16] compared the performance of incen-
tive spirometry associated with breathing exercise with breathing 
exercise only (n=43); patients were encouraged to perform in-
centive spirometry 10 times an hour awake and were instructed 
to perform maximum slow inspirations while holding the sphere 
for 3–5 seconds, or as long as possible. The study by Zanini et al. 
[3] was composed of four groups, but for our analysis, the IMT 
group was compared with the control group (n=10); the training 
was carried out with the Threshold Respironics IMT, but with-
out reporting the exercise prescription. 

Cordeiro et al. [10] compared IMT with conventional physio-
therapy treatment (n=25); IMT with a pressure linear load device 
(Threshold Respironics IMT; Respironics, Inc., Murrysville, PA, 
USA), with 40% of the MIP, performing 3 sets with 10 repetitions. 
Barros et al. [17] compared the IMT plus conventional physio-
therapy with the control group that performed only conventional 
physiotherapy (n=15); the IMT protocol was performed with 
three sets of 10 repetitions, once a day, during all postoperative 
hospitalization days with a load of 40% of the MIP value. 

The study by Matheus et al. [18] compared conventional phys-
ical therapy associated with IMT with conventional physical 
therapy (n=24); IMT was performed daily in the first three days 
after the surgical procedure, with three series with 10 repetitions, 
twice a day with a load of 40% of MIP. Cordeiro et al. [11] com-
pared IMT based on the anaerobic threshold with conventional 
training that was recognized as control (n=21); patients were 
submitted to exercise prescription according to the glycemic 
threshold on the first day after the surgical procedure. In the 
study by Praveen et al. [19] compared the IMT with the control 
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Fig. 1. Selection process for studies included in the analysis.
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group that performed the usual hospital protocol (n=30); IMT 
was started on the fourth postoperative day with three series of 
10 repetitions, patients were reevaluated on the eighth day and 
continued training until the 18th postoperative day. 

IMT on ventilatory muscle strength 
Seven studies [3,10,11,16-19] analyzed the impact of IMT on 
maximal inspiratory pressure in the postoperative period of car-
diac surgery. For the meta-analysis of this comparison, a random 
model was used (I2=62%, df=6, p=0.02), in which there was a 
statistically significant difference between the groups in the com-
parison between the IMT and the control (difference between 
the means=12.24 cmH2O; 95% CI, 6.74–17.74; Fig. 2A). Another 
four studies [3,11,17,18] analyzed the impact of IMT on MEP in 
the postoperative period of cardiac surgery. For the meta-analy-
sis of this comparison, a random model (I2=80%, df=3, p=0.002) 
was used, in which there was a statistically significant difference 
between the groups in the comparison between the IMT and the 
control (difference between the means=15.87 cmH2O; 95% CI, 
1.16–30.58; Fig. 2B). 

IMT for pulmonary function 
Three studies [11,17,18] analyzed the impact of IMT on peak ex-
piratory flow in the postoperative period of cardiac surgery. For 
the meta-analysis of this comparison, a random model was used 
(I2=9%, df=2, p=0.33), in which there was a statistically signifi-
cant difference between the groups in the comparison between 
the IMT and the control (difference between the means=40.98 
L/min; 95% CI, 4.64–77.32, Fig. 2C).  

Two other studies [17,18] analyzed the impact of IMT on tidal 
volume in the postoperative period of cardiac surgery. For the 
meta-analysis of this comparison, a random model was used 
(I2=81%, df=1, p=0.02), in which there was a statistically signif-
icant difference between the groups in the comparison between 
the IMT and the control (difference between the means=184.75 
mL; 95% CI, 19.72–349.77; Fig. 2D).  

IMT to functional capacity 
Three studies [3,10,11] analyzed the impact of IMT on func-
tional capacity in the postoperative period of cardiac surgery. 
For the meta-analysis of this comparison, a random model was 
used (I2=84%, df=2, p=0.002), in which there was no statisti-



166 www.e-arm.org

André Luiz Lisboa Cordeiro, et al. IMT After Cardiac Surgery
Ta

bl
e 

1.
 G

en
er

al
 c

h
ar

ac
te

ri
st

ic
s 

of
 e

ac
h

 s
tu

dy
 a

n
d 

de
sc

ri
pt

io
n

 o
f t

h
e 

in
te

rv
en

ti
on

 a
n

d 
co

n
tr

ol
 g

ro
u

p 
pr

ot
oc

ol
s

St
u

dy
C

ou
n

tr
y

Sa
m

pl
e

D
es

ig
n

In
cl

u
si

on
 c

ri
te

ri
a

In
te

rv
en

ti
on

s
M

ea
su

re
m

en
ts

R
es

u
lt

s
In

te
rv

en
ti

on
C

on
tr

ol

C
or

d
ei

ro
 e

t a
l.,

 
20

16
 [1

0]
B

ra
zi

l
50

R
an

do
m

iz
ed

 
co

n
tr

ol
le

d 
tr

ia
l

Pa
ti

en
ts

 u
n

de
rg

oi
n

g 
ca

rd
ia

c 
su

rg
er

y
U

su
al

 p
hy

si
ot

h
er

a-
py

+I
M

T,
 3

 s
et

s 
of

 1
0 

re
p

et
it

io
n

s,
 lo

ad
 o

f 4
0%

 
of

 th
e 

in
it

ia
l M

IP
, 2

 s
et

s 
a 

da
y,

 7
 s

et
s 

a 
w

k 
fr

om
 

th
e 

1 
P

O
D

 u
n

ti
l t

h
e 

m
om

en
t o

f h
os

pi
ta

l 
di

sc
h

ar
ge

U
su

al
 p

hy
si

ot
h

er
ap

y
M

IP
 a

n
d 

6M
W

T
St

at
is

ti
ca

lly
 s

ig
n

ifi
ca

n
t i

m
pr

ov
e-

m
en

t i
n

 M
IP

 a
n

d 
6M

W
T.

 T
h

e 
IG

 h
ad

 a
 h

ig
h

er
 v

al
u

e 
in

 M
IP

 a
t 

di
sc

h
ar

ge
 c

om
pa

re
d 

to
 th

e 
C

G
 in

 
th

e 
sa

m
e 

p
er

io
d 

69
.5

±1
4.

9 
(C

G
) 

vs
. 8

3.
1±

19
.1

 (G
T

),
 p

=0
.0

07
3.

 
T

h
e 

di
st

an
ce

 tr
av

el
ed

 o
n

 th
e 

6M
W

T
 to

 th
e 

IG
 w

as
 s

ig
n

ifi
-

ca
n

tly
 g

re
at

er
 a

t d
is

ch
ar

ge
 th

an
 

th
e 

C
G

 (4
22

.4
±1

02
.8

 [C
G

] v
s.

 
50

2.
4±

11
2.

8 
[G

I]
, p

=0
.0

03
1)

C
or

d
ei

ro
 e

t a
l.,

 
20

20
 [1

1]
B

ra
zi

l
42

R
an

do
m

iz
ed

 
co

n
tr

ol
le

d 
tr

ia
l

Pa
ti

en
ts

 u
n

de
rg

oi
n

g 
ca

rd
ia

c 
su

rg
er

y
T

h
e 

G
T

 p
er

fo
rm

ed
 IM

T
 

w
it

h
 a

 li
n

ea
r p

re
ss

u
re

 
lo

ad
in

g 
de

vi
ce

, b
as

ed
 

in
 a

n
ae

ro
bi

c 
th

re
sh

ol
d.

 
3 

se
ts

 o
f 1

5 
re

p
et

it
io

n
s,

 
7 

se
ts

 a
 w

k 
fr

om
 th

e 
1 

P
O

D
 u

n
ti

l t
h

e 
ti

m
e 

of
 h

os
pi

ta
l d

is
ch

ar
ge

 
ba

se
d 

in
 g

lic
em

ic
 

th
re

sh
ol

d

N
on

in
va

si
ve

 v
en

ti
la

ti
on

, 
br

ea
th

in
g 

ex
er

ci
se

s,
 k

in
e-

si
ot

h
er

ap
y,

 c
yc

le
 e

rg
om

et
ry

, 
an

d 
am

bu
la

ti
on

, I
M

T
 w

it
h

 
a 

lin
ea

r p
re

ss
u

re
 lo

ad
in

g 
de

vi
ce

, w
it

h
 4

0%
 M

IP
, p

er
-

fo
rm

in
g 

th
re

e 
se

ri
es

 w
it

h
 1

5 
re

p
et

it
io

n
s

M
IP

, M
E

P,
 T

V,
 

P
E

F,
 a

n
d 

6M
W

T

Sm
al

le
r r

ed
u

ct
io

n
s 

in
 M

IP
 w

er
e 

fo
u

n
d 

in
 th

e 
G

T
 (p

<0
.0

1)
 9

5%
 C

I,
 

15
 (9

–1
9)

. I
n

 th
e 

6M
W

T,
 th

e 
G

T
 

sh
ow

ed
 le

ss
 lo

ss
 in

 th
e 

di
st

an
ce

 
co

ve
re

d 
57

±3
0 

m
 (p

=0
.0

4)
 9

5%
 

C
I,

 -1
.2

 (-
2 

to
 -0

.1
) a

n
d 

on
 th

e 
da

y 
of

 h
os

pi
ta

l d
is

ch
ar

ge
 th

e 
G

T
 

w
al

ke
d 

37
 m

 m
or

e 
th

an
 th

e 
th

an
 

C
G

 (p
<0

.0
01

).
 A

 M
E

P
 9

5%
 C

I,
 7

 
(-

3 
to

 1
3)

 p
=0

.3
3;

 P
E

F 
95

%
 C

I,
 

-3
5 

(-
41

 to
 9

) p
=0

.3
3;

 a
n

d 
T

V
 9

5%
 

C
I,

 2
 (-

4 
to

 4
) p

=0
.4

4 
th

er
e 

w
as

 
n

o 
st

at
is

ti
ca

l d
iff

er
en

ce
 b

et
w

ee
n

 
gr

ou
ps

M
an

ap
u

n
so

p
-

ee
 e

t a
l.,

 2
02

0 
[1

6]

T
h

ai
la

n
d

90
R

an
do

m
iz

ed
 

co
n

tr
ol

le
d 

tr
ia

l

Pa
ti

en
ts

 1
8 

yr
 o

r o
ld

-
er

 w
h

o 
u

n
de

rw
en

t 
el

ec
ti

ve
 C

A
B

G

U
su

al
 p

hy
si

ot
h

er
ap

y+
-

flo
w

 in
ce

n
ti

ve
 s

pi
ro

m
-

et
ry

, 1
0 

ti
m

es
 a

n
 h

ou
r, 

p
er

fo
rm

in
g 

m
ax

im
u

m
 

sl
ow

 in
sp

ir
at

io
n

s 
w

h
ile

 
h

ol
di

n
g 

th
e 

ba
ll 

at
 th

e 
sa

m
e 

le
ve

l f
or

 3
–5

 s
, o

r 
as

 lo
n

g 
as

 p
os

si
bl

e,
 7

 
se

ts
 a

 w
k 

fr
om

 1
 P

O
D

 
u

n
ti

l t
h

e 
ti

m
e 

of
 h

os
pi

-
ta

l d
is

ch
ar

ge

U
su

al
 p

hy
si

ot
h

er
ap

y:
 d

ee
p 

br
ea

th
in

g 
ex

er
ci

se
, e

ar
ly

 
m

ob
ili

za
ti

on
, w

al
ki

n
g.

 In
 

m
os

t c
as

es
, p

at
ie

n
ts

 w
er

e 
si

tt
in

g 
ou

t o
f b

ed
 a

n
d/

or
 

st
an

di
n

g 
on

 th
e 

fir
st

 o
p-

er
at

iv
e 

da
y,

 s
ta

n
di

n
g 

an
d 

tr
an

sf
er

ri
n

g 
to

 a
 c

h
ai

r o
n

 
th

e 
se

co
n

d 
da

y,
 w

al
ki

n
g 

a 
lit

tl
e 

di
st

an
ce

 o
n

 th
e 

th
ir

d 
da

y,
 a

n
d 

w
al

ki
n

g

M
IP

T
h

er
e 

w
as

 a
 s

ig
n

ifi
ca

n
tly

 s
m

al
le

r 
re

du
ct

io
n

 in
 M

IP
 c

om
pa

re
d 

to
 

th
e 

G
T

 w
it

h
 th

e 
C

G
 (3

3.
06

23
.2

%
 

vs
. 4

7.
26

20
.1

; p
=0

.0
06

, 9
5%

 C
I,

 
3.

9–
23

.3
).

Z
an

in
i e

t a
l.,

 
20

19
 [3

]
B

ra
zi

l
40

Si
n

gl
e-

bl
in

d,
 

si
n

gl
e-

ce
n

te
r 

ra
n

do
m

iz
ed

 
co

n
tr

ol
le

d 
tr

ia
l

Pa
ti

en
ts

 a
ge

d 
18

 to
 

70
 y

r w
h

o 
u

n
-

d
er

w
en

t e
le

ct
iv

e 
C

A
B

G

IM
T

C
on

ve
n

ti
on

al
 re

sp
ir

at
or

y 
ph

ys
io

th
er

ap
y

M
IP

, M
E

P,
 a

n
d 

6M
W

T
A

ll 
gr

ou
ps

 h
ad

 s
im

ila
r b

eh
av

io
r i

n
 

M
IP

 (p
=0

.2
9)

 a
n

d 
M

E
P

 (p
=0

.0
2)

. 
T

h
e 

re
su

lt
 o

f t
h

e 
6M

W
T

 s
h

ow
s 

th
at

 th
e 

gr
ea

te
st

 im
pa

ir
m

en
t i

n
 

fu
n

ct
io

n
al

 c
ap

ac
it

y 
w

as
 o

bs
er

ve
d 

in
 G

3 
27

5 
(2

3)
 a

n
d 

G
4 

29
1 

(2
2)

 
co

m
pa

re
d 

to
 G

1 
36

5 
(2

3)
 a

n
d 

G
2 

40
1 

(2
0)

, p
≤ 

0.
00

1

(C
on

ti
n

u
ed

 to
 th

e 
n

ex
t p

ag
e)



Ann Rehabil Med 2023;47(3):162-172

167www.e-arm.org

St
u

dy
C

ou
n

tr
y

Sa
m

pl
e

D
es

ig
n

In
cl

u
si

on
 c

ri
te

ri
a

In
te

rv
en

ti
on

s
M

ea
su

re
m

en
ts

R
es

u
lt

s
In

te
rv

en
ti

on
C

on
tr

ol

B
ar

ro
s 

et
 a

l.,
 

20
10

 [1
7]

B
ra

zi
l

38
R

an
d

om
iz

ed
 

co
n

tr
ol

le
d

 
tr

ia
l

A
du

lt
 p

at
ie

n
ts

 
u

n
de

rg
oi

n
g 

C
A

B
G

 
w

it
h

 C
P

B

U
su

al
 p

hy
si

ot
h

er
a-

py
+I

M
T,

 3
 s

et
s 

of
 1

0 
re

p
et

it
io

n
s,

 lo
ad

 o
f 4

0%
 

of
 th

e 
in

it
ia

l M
IP

 v
al

u
e,

 
fr

om
 th

e 
1 

P
O

D
 u

n
ti

l 
th

e 
m

om
en

t o
f h

os
pi

ta
l 

di
sc

h
ar

ge

U
su

al
 p

hy
si

ot
h

er
ap

y:
 b

ro
n

-
ch

ia
l h

yg
ie

n
e 

m
an

eu
-

ve
rs

 (v
ib

ro
co

m
pr

es
si

on
, 

co
m

p
os

ed
 o

f f
ou

r s
er

ie
s 

of
 s

ix
 e

xp
ir

at
or

y 
cy

cl
es

, p
er

-
fo

rm
ed

 w
it

h
 th

e 
ai

d 
of

 th
e 

h
an

ds
 o

n
 th

e 
ch

es
t s

u
rf

ac
e,

 
as

so
ci

at
ed

 w
it

h
 p

os
tu

ra
l 

dr
ai

n
ag

e,
 p

la
ci

n
g,

 b
as

ed
 o

n
 

th
e 

ra
di

ol
og

ic
al

 im
ag

e,
 th

e 
m

os
t a

ffe
ct

ed
 s

id
e 

of
 th

e 
lu

n
g 

u
pw

ar
ds

, t
h

e 
p

os
it

io
n

 
be

in
g 

m
ai

n
ta

in
ed

 fo
r 2

0 
m

in
 to

 m
ax

im
iz

e 
dr

ai
n

ag
e 

of
 s

ec
re

ti
on

s)
 a

n
d 

tr
ac

h
ea

l 
as

pi
ra

ti
on

 w
h

en
 n

ec
es

sa
ry

M
IP

, M
E

P,
 P

E
F,

 
an

d 
T

V
St

at
is

ti
ca

lly
 s

ig
n

ifi
ca

n
t i

m
pr

ov
e-

m
en

t i
n

 th
e 

G
T

 o
f M

IP
 (p

=0
.0

1)
, 

T
V

 (p
=0

.0
0)

, M
E

P
 (p

=0
.0

2)
, a

n
d 

P
E

F 
(p

=0
.0

2)
 o

n
 th

e 
la

st
 d

ay
 o

f 
h

os
pi

ta
liz

at
io

n

M
at

h
eu

s 
et

 a
l.,

 
20

12
 [1

8]
B

ra
zi

l
47

R
an

d
om

iz
ed

 
co

n
tr

ol
le

d
 

tr
ia

l

Pa
ti

en
ts

 u
n

de
rg

oi
n

g 
C

A
B

G
 u

n
de

rg
oi

n
g 

m
ed

ia
n

 s
te

rn
ot

-
om

y,
 w

it
h

 a
n

 
in

te
rn

al
 m

am
m

ar
y 

ar
te

ry
 g

ra
ft

, c
om

-
pl

em
en

te
d 

w
it

h
 

sa
ph

en
ou

s 
ve

in
 

br
id

ge
s

U
su

al
 p

hy
si

ot
h

er
ap

y-
+I

M
T

 w
it

h
 T

h
re

sh
ol

d®
 

IM
T

 R
es

pi
ro

n
ic

s®
, 3

 
se

ts
 o

f 1
0 

re
p

et
it

io
n

s,
 2

 
se

ts
 a

 d
ay

 tw
ic

e 
a 

da
y,

 
lo

ad
 o

f 4
0%

 o
f t

h
e 

M
E

P
 

m
ea

su
re

d 
at

 1
 P

O
D

, 
1 

P
O

D
 u

n
ti

l h
os

pi
ta

l 
di

sc
h

ar
ge

U
su

al
 p

hy
si

ot
h

er
ap

y:
 p

re
-

op
er

at
iv

e 
as

se
ss

m
en

t a
n

d 
gu

id
an

ce
, p

u
lm

on
ar

y 
re

ex
pa

n
si

on
 w

it
h

 fr
ac

ti
on

al
 

pa
tt

er
n

s,
 re

sp
ir

at
or

y 
en

-
co

u
ra

ge
m

en
t, 

or
th

os
ta

ti
sm

, 
an

d 
p

os
to

p
er

at
iv

e 
am

bu
la

-
ti

on
 tw

ic
e 

a 
da

y

M
IP

, M
E

P,
 T

V,
 

an
d 

P
E

F
T

h
er

e 
w

as
 n

o 
si

gn
ifi

ca
n

t s
ta

ti
st

ic
al

 
di

ffe
re

n
ce

 b
et

w
ee

n
 th

e 
gr

ou
ps

 
in

 th
e 

va
lu

es
 o

f M
IP

 (p
=0

.1
68

0)
, 

M
E

P
 (p

=0
.1

68
),

 a
n

d 
P

E
F 

(p
=0

.4
75

0)
. T

V
 (p

=0
.0

49
0)

 a
n

d 
T

V
 (p

=0
.0

22
2)

 fo
u

n
d 

a 
si

gn
ifi

-
ca

n
t d

iff
er

en
ce

 b
et

w
ee

n
 C

G
 a

n
d 

G
T

 o
n

 th
e 

3r
d 

p
os

to
p

er
at

iv
e 

da
y

P
ra

ve
en

 e
t a

l.,
 

20
09

 [1
9]

In
di

a
30

R
an

d
om

iz
ed

 
co

n
tr

ol
le

d
 

tr
ia

l

Pa
ti

en
ts

 o
f b

ot
h

 s
ex

-
es

, a
ge

d 
45

 to
 6

5 
yr

, 
u

n
de

rg
oi

n
g 

C
A

B
G

 
w

it
h

ou
t a

 h
is

to
ry

 
of

 c
ar

di
ac

 s
u

rg
er

y,
 

va
lv

e 
as

so
ci

at
ed

 
w

it
h

 c
ar

di
ac

 d
is

-
or

de
r o

r d
ia

be
te

s 
m

el
lit

u
s

U
su

al
 p

hy
si

ot
h

er
a-

py
+I

M
T

 w
as

 s
ta

rt
ed

 
on

 th
e 

4t
h

 d
ay

 in
 th

e 
ex

p
er

im
en

ta
l g

ro
u

p;
 3

 
se

ts
 a

 d
ay

, 3
 s

et
s 

of
 1

0 
re

p
et

it
io

n
s 

w
er

e 
p

er
-

fo
rm

ed
 in

 o
n

e 
se

ss
io

n
 

w
it

h
 a

 o
n

e-
m

in
u

te
 re

st
 

p
er

io
d 

be
tw

ee
n

 s
et

s

U
su

al
 p

hy
si

ot
h

er
ap

y:
 d

ee
p 

br
ea

th
in

g 
ex

er
ci

se
s,

 d
ir

ec
t-

ed
 c

ou
gh

 a
n

d 
ea

rl
y 

m
ob

ili
-

za
ti

on

M
IP

M
IP

 in
 th

e 
G

T
 im

pr
ov

ed
 s

ig
n

ifi
-

ca
n

tly
 m

or
e 

th
an

 th
e 

su
bj

ec
ts

 
in

 th
e 

C
G

 w
it

h
 a

n
 a

ve
ra

ge
 o

f 
86

.0
7±

7.
99

 c
m

 o
f H

2O
 a

n
d 

69
.5

3±
8.

62
 c

m
 o

f H
2O

, r
es

p
ec

-
ti

ve
ly

 (p
<0

.0
01

)

IM
T,

 in
sp

ir
at

or
y 

m
u

sc
le

 tr
ai

n
in

g;
 M

IP
, m

ax
im

u
m

 in
sp

ir
at

or
y 

pr
es

su
re

s;
 P

O
D

, p
os

t o
p

er
at

or
y 

da
y;

 6
M

W
T,

 6
-m

in
u

te
 w

al
k 

te
st

; I
G

, i
n

te
rv

en
ti

on
 g

ro
u

p;
 C

G
, c

on
tr

ol
 g

ro
u

p;
 G

T,
 g

ro
u

p 
tr

ai
n

in
g;

 M
E

P,
 

m
ax

im
u

m
 e

xp
ir

at
or

y 
p

re
ss

u
re

; T
V,

 ti
da

l v
ol

u
m

e;
 P

E
F,

 p
ea

k 
ex

pi
ra

to
ry

 fl
ow

; C
I,

 c
on

fid
en

ce
 in

te
rv

al
; C

A
B

G
, c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
ti

n
g;

 C
P

B
, c

ar
di

op
u

lm
on

ar
y 

by
pa

ss
.

Ta
bl

e 
1.

 C
on

ti
n

u
ed



168 www.e-arm.org

André Luiz Lisboa Cordeiro, et al. IMT After Cardiac Surgery

cally significant difference between the groups in the compar-
ison between the IMT and the control (difference between the 
means=29.93 m; 95% CI, -27.59 to 87.45; Fig. 2E). 

IMT on length of hospital stay 
Five studies [3,10,11,17,18] analyzed the impact of IMT on the 
length of hospital stay in the postoperative period of cardiac sur-
gery. For the meta-analysis of this comparison, a random model 
was used (I2=0%, df=4, p=0.46), in which there was a statistically 
significant difference between the groups in the comparison be-
tween the IMT and control (difference between the means=-1.25 
days; 95% CI, -1.77 to -0.72; Fig. 2F). 

DISCUSSION 

Based on the results of our meta-analysis, we found that IMT 
performed in the postoperative period has a positive impact on 
inspiratory and expiratory muscle strength, peak expiratory flow, 
tidal volume and length of hospital stay, but does not alter the 
functional capacity of this patient profile. 

Seven studies [3,10,11,16-19] demonstrated that the IMT 
performed in the postoperative period had a positive impact on 
inspiratory muscle strength. Cordeiro et al. [11] highlight that 
the objective of the IMT is to decrease the loss of strength at 
discharge, since factors such as sternotomy, pain and immobili-
zation are associated with a decline in postoperative strength. In 
this study, the beginning of IMT was on the first or second day 
after surgery and on discharge from the ICU, extending to the 
third day or hospital discharge. 

The reduction in the loss of inspiratory muscle strength may 
be associated with the improvement of clinical outcomes such as 

postoperative complications and functional as well as functional 
capacity [5]. The increase in MIP makes it possible to take deep 
breaths, increasing lung capacity and reversing hypoventilation 
and atelectasis, which reduces the incidence of pulmonary com-
plications [4]. 

Although they are not directly affected by IMT, expiratory 
muscles also benefit from this treatment option. Our meta-anal-
ysis showed a better result in this outcome in the patients who 
received the training. With the increase in the MEP, the cough 
becomes effective, allowing the displacement and elimination 
of bronchial secretions [15]. This hygiene reduces the risk of 
respiratory infections and may be associated with a decrease in 
hospital stay [7]. 

Based on the three studies included in this meta-analysis, 
which assessed functional capacity in patients undergoing IMT, 
there was no difference between the interventions. One possi-
ble explanation for this lies in the fact that performance on the 
6MWT does not depend only on muscle and lung capacity. Car-
diac function must also be taken into account, along with factors 
inherent to the surgical process such as pain. 

Another relevant factor associated with the optimization of in-
spiratory and expiratory muscle strength is the improvement in 
functional performance. The strengthened diaphragm enhances 
minute ventilation and increases the delivery of oxygen  

to the muscle [20,21]. Still on the functional capacity in this 
meta-analysis, it is worth remembering the high heterogeneity, 
using a random process in an attempt to equalize, and the low 
sample size. 

The variables of pulmonary function, peak expiratory flow 
and tidal volume showed positive results among patients who 
underwent IMT. This improvement is related to the increase in 

Table 2. Methodological quality of eligible studies (n=7), PEDro scale

Study 1a) 2 3 4 5 6 7 8 9 10 11 Total

Cordeiro et al., 2016 [10] Y N N Y N N N N N Y Y 3/10

Cordeiro et al., 2020 [11] Y Y Y Y N N Y Y N Y Y 7/10

Manapunsopee et al., 2020 [16] Y Y Y Y N N Y N Y Y Y 7/10

Zanini et al., 2019 [3] Y Y Y Y N N Y Y N Y Y 7/10

Barros et al., 2010 [17] Y Y N Y N N N N N Y Y 4/10

Matheus et al., 2012 [18] Y Y N Y N N N N N Y Y 4/10

Pravenn et al., 2009 [19] Y Y N Y N N N N N Y Y 4/10

Total 7 6 4 7 0 0 3 2 1 7 7

1, eligibility criteria; 2, random allocation; 3, concealed allocation; 4, baseline comparability; 5, blind subjects; 6, blind therapists; 7, blind assessors; 8, 
adequate follow-up; 9, intention-to-treat analysis; 10, between-group comparisons; 11, point estimates and variability.
Y, yes; N, No.
a)Does not contribute to the total score.
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Fig. 2. Forest plot of the results of the meta-analysis. (continued to the next page)
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Fig. 2. Forest plot of the results of the meta-analysis. (A) Comparison of the inspiratory muscle training (IMT) with the control over 
the maximum inspiratory pressure outcome. The values presented are the average effects (difference between the means) and a 95% 
confidence interval (CI). The average effect was calculated using a random-effect model. (B) Comparison of the IMT with the control 
over the maximum expiratory pressure outcome. The values presented are the average effects (difference between the means) and 
a 95% CI. The average effect was calculated using a random-effect model. (C) Comparison of IMT with control over peak expiratory 
flow outcome. The values presented are the average effects (difference between the means) and a 95% CI. The average effect was 
calculated using a random-effect model. (D) Comparison of the IMT with the control over the tidal volume outcome. The values 
presented are the average effects (difference between the means) and a 95% CI. The average effect was calculated using a random-
effect model. (E) Comparison of the IMT with the control over the functional capacity outcome. The values presented are the average 
effects (difference between the means) and a 95% CI. The average effect was calculated using a random-effect model. (F) Comparison 
of the IMT with the control over the outcome length of hospital stay. The values presented are the average effects (difference between 
the means) and a 95% CI. The average effect was calculated using a random-effect model. SD, standard deviation.

muscle strength and the ability to perform maximum inspira-
tions and exhales [5,22]. 

A weakness of this study is the limited number of articles that 
assessed outcomes such as functional capacity. Among the lim-
itations of this review is the heterogeneity of the included clini-
cal trials. Intervention time, form of evaluation and application 
varied in each study. In addition, the low methodological quality 
of the work may have influenced the result of this review. Diffi-
culties with keywords and the possibility of studies published in 
other languages that are not indexed in the databases used may 
have limited the number of included studies. 

To minimize these limitations, we sought contact with the au-
thors, searched for articles with the least possible heterogeneity, 
and evaluated and weighted the results based on methodological 
quality. 

CONCLUSION 

Based on the findings of this systematic review, IMT proved to 
be effective in improving inspiratory, expiratory muscle strength, 
tidal volume, peak expiratory flow and length of hospital stay. 
The only non-significant variable was the functional capacity 
assessed through the 6MWT. 

The evidence brought by this review favors the use of IMT 

after cardiac surgery in clinical practice. The clinician needs to 
understand the reasons for muscle weakness and intervene early 
to restore strength, favoring changes in clinical and functional 
outcomes. 
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Objective: To investigate the effect on early mobilization in patients undergoing extra-corpore-
al membrane oxygenation (ECMO) and acute blood purification therapy in the intensive care 
unit (ICU). 
Methods: We conducted this multicenter retrospective cohort study by collecting data from six 
ICUs in Japan. Consecutive patients who were admitted to the ICU, aged ≥18 years, and re-
ceived mechanical ventilation for >48 hours were eligible. The analyzed were divided into two 
groups: ECMO/blood purification or control group. Clinical outcomes; time to first mobilization, 
number of total ICU rehabilitations, mean and highest ICU mobility scale (IMS); and daily barrier 
changes were also investigated. 
Results: A total of 204 patients were included in the analysis, 43 in the ECMO/blood purifica-
tion group and 161 in the control group. In comparison of clinical outcome, the ECMO/blood 
purification group had a significantly longer time to first mobilization: ECMO/blood purification 
group 6 vs. control group 4 (p=0.003), higher number of total ICU rehabilitations: 6 vs. 5 
(p=0.042), lower mean: 0 vs. 1 (p=0.043) and highest IMS: 2 vs. 3 (p=0.039) during ICU stay. 
Circulatory factor were most frequently described as barriers to early mobilization on days 1 
(51%), 2 (47%), and 3 (26%). On days 4 to 7, the most frequently described barrier was con-
sciousness factors (21%, 16%, 19%, and 21%, respectively). 
Conclusion: The results of this study comparing the ECMO/blood purification group and the 
untreated group in the ICU showed that the ECMO/blood purification group had significantly 
longer days to mobilization and significantly lower mean and highest IMS.  

Keywords: Early mobilization, Extra-corporeal membrane oxygenation, Acute blood purification, 
Intensive care unit, Barrier
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INTRODUCTION 

In recent years, advances in life-saving technology for critically 
ill patients in the intensive care unit (ICU) have significantly im-
proved survival rates. However, even if they survive, 25%–70% of 
them in the ICU have severe disease, and invasive treatment and 
inactivity cause serious physical impairments such as ICU-ac-
quired weakness (ICU-AW) and decreased activities of daily 
living (ADL), leading to increased medical costs and worsen life 
prognosis [1]. 

In Japan, in the 2022 medical fee revision, for patients who 
require acute blood purification or extra-corporeal membrane 
oxygenation (ECMO), the upper limit of days for calculation 
of special ICU management fee extended from 14 to 25 days. 
It is stated as a calculation condition that a sufficient system be 
developed for efforts aimed at early recovery of patients, but the 
maximum number of days for ICU rehabilitation medical treat-
ment system has not been changed from 14 days [2]. 

As a preventive measure against physical dysfunction after 
leaving the ICU, early mobilization starting within one week of 
admission to the ICU is attracting international attention. Pre-
vious studies have reported the effects of early mobilization to 
prevent delirium, shorten the duration of mechanical ventilation 
and length of ICU stay, and improve physical function [3-6]. In 
Japan, early mobilization rehabilitation additional calculation 
has been allowed since 2019, and the number of implementation 
cases is increasing, mainly for nurses and physical therapists [7]. 
However, while many benefits are expected for early mobiliza-
tion of critically ill patients, it has been reported that there are 
many barriers to actual implementation [8]. The main obstacles 
are limited activities due to the use of equipment such as ECMO 
and acute blood purification, disturbance of consciousness due 
to sedation, and lack of manpower for team staff. Therefore, 
even if the patient’s general condition improves, there are cases 
in which the patient’s mobilization does not progress due to gen-
eral muscle weakness or delirium. 

The purpose of this study was to investigate the effect on early 
mobilization in patients undergoing ECMO and acute blood 
purification therapy in the ICU. This study focused on patients 
who underwent ECMO and acute blood purification in the ICU 
and examined how much it affected the attainable level of mobi-
lization compared with those who did not. 

METHODS

Study design, setting, and patients 
The medical records of patients admitted to the ICU of one of 
six Japanese tertiary hospitals between April 2019 and March 
2020 were retrospectively reviewed. This multicenter retrospec-
tive cohort study was conducted at the Nagoya Medical Center 
and by that of five other participating hospitals. This study was 
approved by the Ethics Committee of Nagoya Medical Center 
(approval number: 2021-012). It was conducted in accordance 
with Helsinki Declaration and the need for informed consent, 
according to national legislation, was waived by the IRB listed 
above because this was a retrospective cohort study. All patients 
admitted to the ICU of one of six Japanese tertiary hospitals 
between from April 2019 to March 2020 were screened. Patients 
were excluded if they were weaning mechanical ventilation for 
within 48 hours, were less than 18 years old, were unable to walk 
independently before hospitalization, were neurologically im-
paired, had difficulty communicating, were considered terminal; 
all other patients were included. The analyzed were divided into 
two groups: the ECMO/blood purification group that under-
went ECMO or blood purification therapy upon admission to 
the ICU, or control group that did not. The definition of blood 
purification therapy in this study was the use of all renal support 
therapy administered during ICU admission, including contin-
uous and intermittent hemofiltration dialysis, excluding chronic 
maintenance dialysis and peritoneal dialysis [9].  

Data collection  
Data on the participant’s age, sex, body mass index, Charlson 
comorbidity index, ICU admission diagnosis, operation, Acute 
Physiology and Chronic Health Evaluation II (APACHE II) 
score, Sequential Organ Failure Assessment score, and Barthel 
index before hospitalization, were recorded as basic characteris-
tics. 

Outcomes 
The clinical outcomes of this study were time to first rehabilita-
tion and first mobilization and first walking exercise from the 
ICU admission, number of total ICU rehabilitations, number of 
daily ward rehabilitations, ICU length of stay, duration of me-
chanical ventilation, ICU-AW at ICU discharge, mean and high-
est ICU mobility scale (IMS) during ICU stay, delirium during 
ICU stay, Barthel index at hospital discharge, hospital length of 
stay, and in-hospital mortality. The IMS is a sensitive 11-point 
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ordinal scale, with scores ranging from 0 (no mobilization) to 
10 (independent ambulation) [10]. ICU-AW was evaluated 
using Medical Research Council score by the responsible phys-
ical therapist, and a value of less than 48 was defined as having 
developed an ICU-AW [11]. For the assessment of delirium, 
either the delirium screening tool of the Intensive Care Delirium 
Screening Checklist was used [12]. 

Subanalysis 
To examine factors for delayed mobilization in ECMO/blood 
purification therapy or control group, we investigated predefined 
barriers described in previous studies for 7 days from ICU ad-
mission. These included consciousness, subjective symptoms, 
and respiratory, circulatory, device, subject, and medical staff 
factors [8]. If several barriers were identified in one session, only 
the primary reason was recorded, and not the individual compo-
nents of categories. During each rehabilitation session, a physical 
therapist in the ICU determined the primary barrier preventing 
mobilization by the end of the session according to the algorithm 
shown in Fig. 1. The rehabilitation intensity higher than the level 
of sitting at the bedside was defined as “mobilization” [8]. 

Data analysis 
Results are expressed as the median and quartiles for quantita-
tive data and as number and percent for categorical data. Chi-

square test or Fisher’s exact test was used to assess the associa-
tions between intervention groups and categorical variables. The 
Mann–Whitney U-test was used for intergroup comparison of 
continuous variables. In addition, a one-way analysis of variance 
was used to compare the mean IMS from ICU admission to day 
7 in the ECMO/blood purification group and the control group. 
We also used a chi-square test to compare the rate of each barrier 
from ICU admission to day 7 in the ECMO/blood purification 
group and the control group. All analyses were performed using 
JMP software (version 13.0; SAS Institute Inc., Cary, NC, USA). 
Statistical tests were two-sided, and statistical significance was 
defined as p<0.05. 

RESULTS 

During the study period from April 2019 to March 2020, 639 
patients were screened, and 206 patients were enrolled in this 
study (Fig. 2). In this study, 43 patients were divided into the 
ECMO/blood purification group (ECMO, 15; continuous hemo-
diafiltration, 34; intermittent hemodialysis, 20; direct hemoper-
fusion with polymyxin B immobilized fiber, 20) and 161 control 
groups. 

The baseline characteristics and clinical outcome during hos-
pitalization of the study population are shown in Tables 1 and 2. 
In comparison of baseline data, the ECMO/blood purification 

Fig. 1. Flow chart of the patient selection process. ICU, intensive care unit. a)Neurological complications include cerebral infarction, 
cerebral hemorrhage, acute subdual hematoma, acute epidural hematoma, traumatic subarachnoid hemorrhage, and encephalitis.

639 Supported by mechanically ventilation in the ICU for more than 48 h
were included at the time of ICU admission

n=217

204 Patients included in the analysis

420 Exclusion
• 21 Age <18 yr
• 66 Unable to walk independently before hospitalization 
• 224 Neurological complicationsa)

• 73 Lack of communication skills because of diseases
• 17 Terminal/end of life care 
• 21 Presence of a condition limiting mobilization including unstable pelvic fractures

13 Exclusion
• 13 Died in the ICU 

No
Yes
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group had a significantly higher Charlson comorbidity index 
(p=0.032) and APACHE II score (p=0.007; Table 1).  

A comparison of ICU admission diagnoses revealed that the 
ECMO/blood purification group had higher rates of gastric or 
colonic surgery and sepsis than the control group. In compar-
ison of clinical outcome, the ECMO/blood purification group 
had a significantly longer time to first mobilization: ECMO/
blood purification group 6 (4–8) vs. control group 4 (3–8) 
(p=0.003) and first walking exercise: 25 (15–58) vs. 12 (9–18) 
(p=0.007), higher number of total ICU rehabilitations: 6 (4–9) 
vs. 5 (3–7) (p=0.042), longer ICU length of stay: 8 (6–11) vs. 2 
(0–4) (p=0.016) and duration of mechanical ventilation: 6 (4–9) 

vs. 4 (3–6) (p=0.010), higher incidence of ICU-AW: 13 (40%) vs. 
20 (17%) (p=0.007), lower mean: 0 (0–1) vs. 1 (0–3) (p=0.043) 
and highest IMS: 2 (0–4) vs. 3 (1–5) (p=0.039) during ICU stay, 
lower Barthel index at hospital discharge: 50 (25–90) vs. 93 (56– 
100) (p<0.001), longer hospital length of stay: 40 (28–73) vs. 30 
(21–47) (p=0.002; Table 2). 

Comparison of mean IMS from ICU admission to day 7 was 
significantly lower in the ECMO/blood purification group com-
pared with the control group (p<0.001; Fig. 3). 

Circulatory factor were most frequently described as barri-
ers to early mobilization (EM) on days 1 (51%), 2 (47%), and 
3 (26%). On days 4 to 7, the most frequently described barrier 
was consciousness factors (21%, 16%, 19%, and 21%, respec-
tively; Table 3). Also device factor, subject factor, and medical 
staff factor also tended to increase from day 3 to day 7. Medical 
factors were the most frequently described as barriers to EM in 
the control group from days 1 to 7 (Table 4). Medical contrain-
dication was the most frequently described as barriers to EM in 
the control group from days 1 to 7. In addition, compared to the 
ECMO/blood purification group, the control group tended to 
have lower device and conscious factors, and a higher achieve-
ment of mobilization. Comparing the rate of each barrier from 
ICU admission to day 7, there was a significant difference be-
tween two groups in consciousness factor (p=0.003) and device 
factor (p=0.037), achieved rate of EM (p=0.041). 

DISCUSSION 

In previous study on critically ill patients in the ICU, factors such 
as circulation factors, awareness factors such as sedation, activity 
restrictions by devices, and staff shortages have been reported as 
barriers to getting out of bed [8]. However, there are few papers 
that consider the intervention time of rehabilitation and barriers 
to mobilization, such as how long it takes for ECMO/blood puri-
fication therapy patients to mobility out of bed. In this study, we 
investigated the number of days required for ambulation and the 
duration of rehabilitation in ECMO/blood purification therapy 
patients. 

In previous studies on early rehabilitation, there have been 
some reports that examined single factors such as the start time 
and exercise intensity [13,14]. Additionally, in a previous study 
that focused on the number of days until mobilization in ICU 
patients, the percentage of independent walking at discharge 
was significantly higher in the group that achieved mobilization 
within 7 days in the ICU compared to the group that did not. In 

Fig. 2. Comparison of mean intensive care unit (ICU) mobility 
scale from day 1 to 7 of ICU admission. The one-way analysis 
of variance was used to compare the mean ICU mobility scale 
(IMS) from ICU admission to day 7 in the extra-corporeal 
membrane oxygenation (ECMO)/blood purification group 
and the control group. Comparison of mean IMS from ICU 
admission to day 7 was significantly lower in the ECMO/blood 
purification group compared with the control group (p<0.001). 
Measured by IMS, 0=no activity; 1=exercises in bed; 2=passively 
moved to the chair; 3=sitting on the edge of the bed; 4=standing; 
5=transferring from bed to chair through standing; 6=marching 
on the spot; 7=walking with assistance of two people; 8=walking 
with assistance of one person; 9=walking independence with 
assistive device; and 10=walking independently.
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Table 1. Comparison of items related to baseline data

Variable Total
(n=204)

ECMO/blood purification 
(n=43)

Control
(n=161) p-value

Age (yr) 70 (62–77) 70 (65–77) 70 (59–77) 0.331

Sex, male 139 (68.1) 26 (60.5) 113 (70.2) 0.269

Body mass index (kg/m2) 23 (20–27) 22 (20–27) 23 (20–27) 0.778

Charlson comorbidity index 1 (0–3) 2 (0–4) 1 (0–2) 0.032

ICU admission diagnosis

 Acute respiratory failure 34 (16.7) 1 (2.3) 33 (20.5) <0.001*

 Cardiovascular disease 87 (42.6) 11 (25.6) 76 (47.2)

 Gastric or colonic surgery 44 (21.6) 17 (39.5) 27 (16.8)

 Sepsis, non-pulmonary 29 (14.2) 12 (27.9) 17 (10.6)

 Other diagnoses 12 (5.9) 2 (4.7) 10 (6.2)

Operation 44 (21.6) 5 (11.6) 39 (24.2) 0.091

APACHE II score 23 (17–28) 26 (20–31) 23 (17–27) 0.007

SOFA at ICU admission 8 (6–10) 8 (7–12) 8 (6–10) 0.084

Barthel index before hospitalization 100 (100–100) 100 (90–100) 100 (100–100) 0.114

Values are presented as median (25th–75th percentile) or number (%).
ICU, intensive care unit; APACHE II, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; ECMO, extra-
corporeal membrane oxygenation.
*p<0.001.

Table 2. Comparison of clinical outcomes

ECMO/blood purification (n=43) Control (n=161) p-value

Time to first rehabilitation from the ICU admission (day) 2 (1–3) 1 (1–3) 0.292

Time to first mobilization from the ICU admission (day) 6 (4–8) 4 (3–8) 0.003

Time to first walking exercise from the ICU admission (day) 25 (15–58) 12 (9–18) 0.007

Number of total ICU rehabilitations (day) 6 (4–9) 5 (3–7) 0.042

Number of daily ward rehabilitations (min/day) 27 (20–43) 30 (20–43) 0.956

ICU length of stay (day) 8 (6–11) 2 (0–4) 0.016

Duration of mechanical ventilation 6 (4–9) 4 (3–6) 0.010

ICU-AW at ICU discharge 13 (30.0) 20 (12.4) 0.007

Mean IMS during ICU stay 0 (0–1) 1 (0–3) 0.043

Highest IMS during ICU stay 2 (0–4) 3 (1–5) 0.039

Delirium during ICU stay 21 (38.2) 57 (35.4) 0.269

Barthel index at hospital discharge 50 (25–90) 93 (56–100) <0.001*

Hospital length of stay (day) 40 (28–73) 30 (21–47) 0.002

In-hospital mortality 5 (11.6) 13 (8.1) 0.542

Values are presented as median (25th–75th percentile) or number (%).
ICU, intensive care unit; ICU-AW, ICU-acquired weakness; IMS, ICU mobility scale; ECMO, extra-corporeal membrane oxygenation.
*p<0.001.

Japan, early mobilization/rehabilitation additions have been cal-
culated since 2019, but the target number of days until mobiliza-
tion is being explored at each hospital. In this study, the number 
of days until mobilization was significantly longer in the ECMO/
blood purification group, and the number of ICU rehabilitation 
sessions was also significantly higher in the ECMO/blood puri-
fication group. In blood purification therapy, it is important for 

the staff to coordinate the environment in order to provide safe 
medical care, such as crisis management, physical restraints to 
ensure rest, posture management, mental care, and rehabilitation 
in cooperation with various occupations [15]. Previous studies 
in critically ill patients have reported an association between 
dose of rehabilitation and ADL dependence, assessed based on 
rehabilitation intensity, time and frequency [13,16]. The rehabil-
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itation strategy for critically ill patients is not only the maximum 
rehabilitation intensity achieved, but also the time and frequency 
are important factors. It is speculated that in rehabilitation to 
ECMO/blood purification therapy, the number of rehabilitation 
sessions was increased to cope with the decrease in average IMS 
and highest IMS. Determining the optimal rehabilitation inten-
sity, time and frequency, tailored to the patient’s severity and 
device conditions, should be the focus of future research [17].  

Regarding the increase in ICU days associated with ECMO/
blood purification therapy, in a report based on data processing 
center, the mean ICU length of stay was the longest in the group 
of patients undergoing blood purification+mechanical ventila-
tion [16]. Similarly, in this study, the length of ICU stay in the 
blood purification group was significantly longer than that in the 
control group [18]. In Japan, based on the medical fee revision 
in 2018, early mobilization and rehabilitation premiums were in-

Fig. 3. Algorithm to determine the primary barrier preventing mobilization. The barrier to mobilization was determined by the 
intensivist in charge of the patient following this algorithm. In every rehabilitation session, only one selected barrier was recorded 
in the medical record. SpO2, oxygen saturation of the peripheral artery; FiO2, fraction of inspiratory oxygen; PEEP, positive end-
expiratory pressure; RASS, Richmond agitation sedation scale; BPS, behavioral pain scale; NRS, numerical rating scale.

Medical contraindications (bleeding tendency, bed rest order,
fever ≥38.5, etc)? Select “medical contraindications”

Select “circulation factors”

Select “respiration factors”

Select “consciousness factors”

Select “device factors”

Select “subjective factors”

Select “medical staff factors”

Circulation factors; mean blood pressure: <65 or >110 mmHg, heart rate: <50 
or >120 beats/min, additional administration of vasopressors, new arrhythmias?

Respiratory factors; SpO2 <90%; FiO2: >0.6;
respiratory rate: >30 times/min, PEEP: >10 cm H2O,

difficulty in discharging sputum?

Consciousness factors-consciousness disorder, delirium
or RASS: ≤-2 or ≥+1?

There is no barrier to the rehabilitation session

Medical staff factorsa); lack of staff, holidays, many examinations, or poor time 
adjustment, no intervention?

Subjective factors-respiratory distress, BPS or >3 or NRS >5, or fatigue,
nausea, patient refusal?

Device factors-catheter, drain, dialysis, etc?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No
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Table 3. Primary barriers preventing the achievement of early mobilization in the extra-corporeal membrane oxygenation/blood 
purification group

Day 1 (n=43) Day 2 (n=43) Day 3 (n=43) Day 4 (n=43) Day 5 (n=39) Day 6 (n=31) Day 7 (n=29)

Medical contraindication 10 (23.3) 10 (23.3) 10 (23.3) 6 (14.0) 4 (10.3) 3 (9.7) 2 (6.9)

Circulatory factor 22 (51.2) 20 (46.5) 11 (25.6) 3 (7.0) 2 (5.1) 2 (6.5) 0

Respiratory factor 2 (4.7) 2 (4.7) 4 (9.3) 3 (7.0) 1 (2.6) 1 (3.2) 0

Consciousness factor 4 (9.3) 7 (16.3) 6 (14.0) 9 (20.9) 6 (15.4) 6 (19.4) 6 (20.7)

Device factor 3 (7.0) 3 (7.0) 5 (11.6) 7 (16.3) 5 (12.8) 1 (3.2) 1 (3.4)

Subject factor 1 (2.3) 0 1 (2.3) 1 (2.3) 4 (10.3) 3 (9.7) 4 (13.8)

Medical staff factor 1 (2.3) 0 1 (2.3) 5 (11.6) 4 (10.3) 3 (9.7) 4 (13.8)

Achievement of EM 0 1 (2.3) 5 (11.6) 9 (20.9) 13 (33.3) 12 (38.7) 12 (41.4)

Values are presented as number (%).
EM, early mobilization. 

Table 4. Primary barriers preventing the achievement of early mobilization in the control group

Day 1 (n=161) Day 2 (n=161) Day 3 (n=161) Day 4 (n=146) Day 5 (n=123) Day 6 (n=106) Day 7 (n=78) p-value

Medical contraindication 57 (35.4) 35 (21.7) 31 (19.3) 25 (17.1) 22 (17.9) 14 (13.2) 13 (16.7) 0.867

Circulatory factor 50 (31.1) 31 (19.3) 17 (10.6) 12 (8.2) 7 (5.7) 9 (8.5) 7 (9.0) 0.721

Respiratory factor 15 (9.3) 21 (13.0) 19 (11.8) 12 (8.2) 12 (9.8) 6 (5.7) 7 (9.0) 0.310

Consciousness factor 20 (12.4) 25 (15.5) 21 (13.0) 18 (12.3) 14 (11.4) 9 (8.5) 3 (3.8) 0.003

Device factor 6 (3.7) 8 (5.0) 2 (1.2) 6 (4.1) 0 0 0 (0) 0.037

Subject factor 5 (3.1) 6 (3.7) 6 (3.7) 3 (2.1) 3 (2.4) 4 (3.8) 4 (5.1) 0.466

Medical staff factor 5 (3.1) 11 (6.8) 15 (9.3) 6 (4.1) 8 (6.5) 9 (8.5) 8 (10.3) 0.124

Achievement of EM 3 (1.9) 24 (14.9) 50 (31.1) 64 (43.8) 57 (46.3) 55 (51.9) 36 (46.1) 0.041

Values are presented as number (%).
The chi-square test was used to compare the rates of each barrier from intensive care unit admission to day 7 in the extra-corporeal membrane 
oxygenation/blood purification group and the control group.
EM, early mobilization.

troduced in the ICUs. In addition, from 2021, “calculation of the 
specified ICU management fee in excess of the maximum num-
ber of 14 days” is permitted for cases requiring long-term ICU 
management. However, under the current medical fee system, 
the maximum number of days for calculation is extended to 25 
days for patients undergoing ECMO/blood purification therapy, 
but the maximum number of days for early mobility rehabili-
tation is 14 days. Risk factors for the development of physical 
dysfunction in critically ill patients are multifactorial, including 
age, delirium, occurrence of ICU-AW, and immobility [3,6,7]. Of 
these, supine rest is an easily ameliorated risk factor. Given these 
proposed mechanisms, rehabilitation time for patients staying 
longer than 14 days was considered inadequate and a risk factor 
for physical dysfunction. 

Regarding barriers to achieving of mobilization in the ECMO/
blood purification therapy group, circulatory factor were the 
most common on days 1 to 3, but consciousness factor were the 
most common on days 4 to 7. In addition, device factors, sub-

jective symptom, and medical staff factors increased from the 
4th day. In a previous study examining barriers to mobilization 
in the ICU, device factors were significantly associated with 
achieving mobilization [19]. Furthermore, achievement of mo-
bilization was associated with independent ADLs at discharge 
[19]. Barriers to achieving mobilization may be an important 
parameter for achieving ADL independence at discharge. In 
this study as well, the ECMO/blood purification group had a 
significantly lower achieving of mobilization than the control 
group, and significantly higher for device factors. Furthermore, 
when primary barriers were determined based on the algorithm 
shown in Fig. 1, there was a significant difference in the con-
sciousness factor among the top factors between the two groups. 
The consciousness factor in the ECMO/blood purification 
therapy group appeared as the major barrier from days 4 to 7. 
The consciousness factor, similar to previous studies showing 
that deep sedation is a barrier to mobilization [20], it could have 
impeded EM of ECMO/ blood purification therapy groups. Pain 
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agitation and delirium guidelines recommend routine use of 
sedation protocols intended for light sedation [21]. However, no 
studies have examined whether an appropriate sedation protocol 
promotes EM, and its effects remain unclear. The impact of initi-
ating routine use of sedation protocols in the ICU on EM needs 
further study. However, previous studies have reported that these 
factors are barriers that can be dealt with by interprofessional 
collaboration on the part of medical personnel and an increase 
in intervention time [8]. It was suggested that it is necessary to 
promote multidisciplinary collaboration after ensuring sufficient 
mobilization intervention time and frequency. 

This study contains several limitations and the interpretation 
of the results should be interpreted with caution. This study is a 
retrospective study by multicenter study, and the survey period 
and the number of samples are limited. In this study, the num-
ber of patients was small, and there were many patients who 
used both ECMO and other blood purification therapies, so it 
was not possible to divide them into groups and analyze them. 
The severity of the patient may differ depending on the details 
of each device for ECMO and blood purification therapy, and it 
is necessary to increase the number of cases and examine it in 
the future. Furthermore, in this study, the number of days until 
mobilization was evaluated, but the evaluation of activities out-
side the rehabilitation period, such as activities by the patients 
themselves, was not sufficiently verified. Due to the nature of 
this retrospective cohort study, it is not possible to prove a causal 
relationship between ECMO and blood purification therapy 
and the number of days until mobilization. Randomized studies 
based on higher evidence, however, are considered very difficult 
to implement due to ethical considerations for non-interven-
tional groups. Therefore, we cannot conduct a randomized study 
at this time, and we judge that a cohort study is the best possible 
study design. In the future, it is necessary to increase the number 
of cases and use a physical activity meter to verify the results.  

In conclusion, the results of this study comparing the ECMO/
blood purification group and the untreated group in the ICU 
showed that the ECMO/blood purification group had signifi-
cantly longer days to mobilization and significantly lower mean 
and highest IMS. 

In ECMO/blood purification therapy patients, multiple oc-
cupations require gracious rehabilitation to remove barriers to 
mobilization, and the current upper limit of 14 days may not be 
sufficient. 
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INTRODUCTION 

Intoeing gait is a major cause of pediatric outpatient referral to 
pediatric clinics and is caused by increased femoral anteversion, 
internal tibial torsion, and metatarsus adductus [1]. Especially 

Objective: To investigate long-term changes in femoral anteversion angle (FAA) in children 
with intoeing gait and to identify factors that affect FAA changes. 
Methods: We retrospectively analyzed three-dimensional computed tomography data from 
2006 to 2022 of children with intoeing gait with ≥3 years of follow-up without active treat-
ment. The study examined the mean changes in FAA, the effects of sex, age, and initial FAA 
on FAA change, and mean FAAs by age. Changes in FAA severity up to eight years of age were 
also observed and analyzed by sex. 
Results: A total of 126 lower limbs of 63 children (30 males, 33 females) with intoeing gait 
were included, with a mean age of 5.11±1.05 years and a mean follow-up period of 
43.59±7.74 months. The initial FAA was 41.42°±8.29° and the follow-up FAA was 
33.25°±9.19°, indicating a significant decrease (p<0.001). Significant correlations were ob-
served between age and changes in FAA, as well as between initial FAA and changes in FAA 
(r=0.248, p=0.005; r=-0.333, p<0.001). At age 8 years, only 22 limbs were classified as hav-
ing mild FAA severity. 
Conclusion: During the follow-up period, children with intoeing gait had a significant de-
creased in FAA. No significant difference in FAA change was found between sex, but younger 
children and those with greater initial FAA were more likely to have decreased FAA. However, 
most children retained moderate to severe severity of increased FAA. Further studies are re-
quired to validate these findings. 

Keywords: In-toeing, Three-dimensional imaging, Bone anteversion  
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after the age of 3 years, increased femoral anteversion is known 
to be the most frequent cause of an intoeing gait [2]. Femoral 
anteversion angle (FAA) is defined as the angle formed by the 
transcondylar axes of the distal femur and proximal femoral 
neck. Typically, the FAA is approximately 30° at birth; however, 
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in the majority of cases, it decreases to a range (15°–25°) during 
early adolescence. Generally, it shows spontaneous improve-
ment before the age of 8 years without specific interventions 
[3,4]. In addition to aesthetic issues, gait can lead to functional 
problems such as unsteady gait and frequent falls [5]. Further-
more, compensatory external tibial rotation can be induced in 
the long term, causing pain in the knee and hip joints. Previous 
studies have demonstrated an association between increased 
FAA levels and femoroacetabular impingement, labral tears, 
and patellofemoral malalignment [6-8].  

Most cases of intoeing gait can be managed conservatively 
with simple postural education as well as the use of orthotics 
and shoe modifications [9]. However, evidence for the effective-
ness of conservative management is still lacking. In some rare 
cases, surgical intervention such as femoral derotational osteot-
omy may be required. Although there are no unified guidelines 
for surgical indications, Nelitz [10] suggested in their review 
that surgical treatment should be considered for symptomatic 
patellofemoral malalignment and FAA exceeding 30°. Hartigan 
et al. [11] established surgical indications for extreme antever-
sion of 35° or more, prominent intoeing gait, hip internal rota-
tion exceeding 65° on physical examination, and the presence 
of anterior hip pain. Therefore, it is essential for clinicians to 
closely monitor children with intoeing gait and determine 
whether active intervention is necessary if increased FAA levels 
do not spontaneously improve. Accurate measurement of the 
FAA is crucial for making informed decisions. 

Traditionally, computed tomography (CT), magnetic reso-
nance imaging, and other imaging techniques are commonly 
used to measure the FAA. However, errors can occur depending 
on the position of imaging owing to the complex three-dimen-
sional (3D) structure of the femur, and the measured values 
may vary by up to 20°, even for the same person, depending on 
the imaging technique and landmarks used [12,13]. Recently, 
studies using 3D-CT to measure FAA have been published to 
compensate for these errors, and it has been demonstrated that 
3D-CT is a useful tool for measuring FAA with high accuracy 
and reliability [12,14,15]. In addition, Shalaby et al. [16] report-
ed that the 3D technique is superior to the two-dimensional 
technique in measuring FAA in patients with unilateral devel-
opmental dysplasia of the hip. 

Until now, most studies reporting FAA changes in children 
with intoeing gait have been based on Western data [17,18]. In 
countries where floor culture is prevalent, such as Japan and 
Korea, children with increased FAA are more likely to assume 

the W-sitting position, which can act as a significant impedi-
ment to the natural resolution of FAA. A previous study inves-
tigated the changes in FAA in Korean children with an intoeing 
gait using 3D-CT [19]. The study examined the effects of age, 
sex, and initial FAA on FAA changes over time and showed the 
largest decrease in the 4–6-year-old group during a follow-up 
period of >1 year. Additionally, it was found that females, 
younger children, and those with larger initial FAA had greater 
FAA changes. 

To the best of our knowledge, few studies have observed 
changes in the FAA in children with intoeing gait for a fol-
low-up period of at least three years using 3D-CT. Furthermore, 
no previous study has examined long-term FAA changes in 
Asian populations. Therefore, the primary objective of this 
study was to investigate longitudinal changes in femoral FAA 
in Korean children with intoeing gait using 3D-CT for a mini-
mum follow-up period of three years. Second, we analyzed the 
correlation between age, initial FAA level, and sex and their 
influence on FAA reduction. Finally, we sought to determine 
the number of children with an intoeing gait who achieved a 
normal or near-normal FAA by the time they turned 8 years old 
compared to their initial severity.  

METHODS 

Participants 
We retrospectively analyzed 3D-CT data of children with in-
toeing gait in Gyeongsang National University Hospital from 
2006 to 2022. The initial screening process included patients 
who presented with an intoeing gait and had undergone 3D-
CT measurements at least three times. The inclusion criteria 
were exhibiting more than 5° of internal rotation on visual in-
spection and preference to observe the natural progression of 
FAA reduction over time through periodic follow-up 3D-CT 
scans rather than undergoing active treatment, such as using 
corrective devices. The exclusion criteria were as follows: (1) 
an interval of <3 years between the initial and final follow-up 
3D-CT scans; (2) implementation of corrective devices or other 
interventions during the follow-up period; and (3) the presence 
of abnormal gait due to orthopedic problems or developmental 
disorders. 

This retrospective study was approved by the Institutional Re-
view Board (IRB) of Gyeongsang National University Hospital 
(IRB No. 2023-02-011). The requirement for informed consent 
was waived due to the retrospective design of the present study. 
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However, their personal information was anonymized and 
de-identified before analysis. 

Initially, a total of 171 patients were screened. Among them, 
68 patients had intervals of less than three years between their 
initial and follow-up 3D-CT scans, and 17 individuals were 
excluded due to chief complaints other than intoeing gait, the 
presence of neurodevelopmental disorders, or other orthopedic 
issues. Another 23 patients were excluded due to the implemen-
tation of active treatment such as corrective devices. Finally, a 
total of 126 limbs from 63 children were included in the anal-
ysis (Fig. 1). All initial and available follow-up images were 
included, with a minimum time interval of 3 years between the 
first and last 3D-CT scans. 

In order to evaluate the improvement of intoeing gait, we in-
cluded initial and follow-up foot progression angle (FPA) data 
measured using the Gaitview AFA-50 system (alFOOTs, Seoul, 
Korea) for patients who underwent dynamic foot pressure mea-
surement through chart review. 

The children did not receive corrective devices or surgical 
treatment, but they received simple posture-correction educa-
tion, such as the tailor position and Achilles tendon and ham-
string stretching, during their initial visit. The participants vis-
ited the follow-up clinic at intervals of 3–6 months to confirm 
whether their intoeing gait had improved visually and were en-
couraged to perform simple posture correction exercises during 
each visit. Additionally, to evaluate changes in the FAA angle, 
3D-CT was performed at intervals of approximately one year or 
more. 

In this study, the severity of femoral anteversion was assessed 
as a categorical predictor variable and classified as mild (<25°), 
moderate (25°–40°), or severe (>40°). The cutoff values were 
selected based on the results of a previous investigation of 100 
Korean children with intoeing gait, where the average initial 
femoral anteversion (with standard deviation) was 31.1°±7.8°, 
as determined by 3D-CT scans [19]. the “moderate” category 
for femoral anteversion severity was determined by selecting 
values around one standard deviation below and above the pre-
viously established mean of 31.1°±7.8° on 3D-CT images. As a 
result, the lower and upper values of the “moderate” category 
were set at 25° and 40°, respectively. 

We calculated the severity of excessive FAA using the FAA 
value measured at the initial visit and when the child was 8 
years old. We compared the severity of excessive FAA between 
these time points. Furthermore, we observed changes in FAA 
severity up to 8 years of age and analyzed them according to 
sex. The reason for reevaluating the severity at the age of 8 years 
was that Fabry et al. [17] reported no significant regression of 
increased femoral anteversion after this age.  

Radiologic evaluations using 3D-CT  
A 64-channel CT scanner (Brilliance 64; Philips Medical Sys-
tems, Amsterdam, Nederland) was used for the CT scans. Chil-
dren were instructed to lie supine on a sliding table with lower 
limbs fully extended. The legs were secured with a strap to pre-
vent movement. CT images were obtained for both legs. Image 
acquisition parameters were: field of view=314 mm; detector 
collimation=64.0×0.6 mm; table mo vement speed=44.4 mm/
rotation; gantry rotation speed=1 second; kVp=120; and mAs/
slice=36. The image was remodeled with a thickness of 2 mm 
and spacing of 1 mm. 

The volume-rendering method was employed to reconstruct 
the 3D images using the Extended Brilliance Workspace ver. 2.0 
software from Philips Medical Systems. Corresponding images 
were acquired after 3D-CT reconstruction (Fig. 2). Based on the 
obtained images, FAA was measured by a doctor from the De-
partment of Rehabilitation Medicine. We employed the method 
for FAA measurements as described by Byun et al. [14] in their 
study. 

The femur neck angle was calculated by measuring the angle 
between the neck axis of the femur and the horizontal axis. 
The neck axis of the femur, which served as the reference axis 
for proximal measurement, was defined as the line that inter-
sected two central points of the neck and head of the femur in 

Fig. 1. Flowchart of patient inclusion. 3D-CT, three-dimensional 
computed tomography.

171 Patients who underwent 3D-CT 
imaging more than 3 times between 

2006 and 2022

63 Analyized patients

108 Excluded
  6 Chief complaints other than intoeing gait
68 Interval between scans less than 3 yr
  8 Presence of neurodevelopmental delay 
  3 Presence of orthopedic issues
23 Implementation of corrective devices
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a craniocaudal direction. To calculate the condylar angle, the 
angle of the medial and lateral condylar axis against the hori-
zontal axis was measured. Similarly, the medial and lateral con-
dylar axis was used as the reference axis for distal. It was set as 
the line encountering the most posterior aspects of medial and 
lateral condyles of the distal femur from the caudocranial of the 
3D image (Fig. 2C). The FAA was calculated by subtracting the 
condylar angle from the femur neck angle if they were oriented 
in the same direction against the horizontal axis or by adding 
the two angles if they were in the opposite direction. 

Data analysis 
Chart reviews were conducted to collect the patients’ clinical 
information, including age at the initial visit, sex, body weight, 
preterm birth status, presence of spasticity, and Achilles tendon 
tightness, as well as the FAA in both limbs at the time of the 

3D-CT scan. The follow-up periods between the initial and 
final FAA were also recorded. FAAs of both lower extremities 
were calculated from all 3D-CT scans, allowing us to obtain val-
ues for the initial FAA, final follow-up FAA, and FAA changes. 
The difference between the initial and follow-up FPA was also 
analyzed as well. Additionally, we analyzed the average FAA 
according to age at the time of 3D-CT using all the 3D-CT data 
obtained in this study. Lastly, the study classified the severity of 
patients’ initial FAA values and those measured at approximate-
ly 8 years of age and compared the changes in severity between 
the two time points. 

Statistical methods 
Normal distribution was checked for all data; otherwise, 
non-parametric tests were performed. We performed a ANOVA 
and Tukey honest significant difference test to identify differ-

Fig. 2. (A) Anteroposterior view of right femur obtained from three-dimensional computed tomography. (B) Looking down view 
of the femur and the measurement of femoral neck angle. (C) Upside-down view of the femur neck and the measurement of trans-
condylar axis.

A B
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Table 1. The characteristics of the patients studied

Femoral anteversion angle Total (n=63) Male (n=30) Female (n=33) p-valuea)

Age (yr) 5.11±1.05 5.27±1.14 4.97±0.95 0.265

Follow-up period (mo) 43.59±7.74 43.3±6.25 43.85±8.98 0.781

Hight (cm) 110.65±7.95 112.85±9.49 108.64±5.67 0.040*

Weight (kg) 20.02±3.68 21.23±4.71 18.92±1.88 0.017*

Body mass index (kg/m2) 16.27±1.50 16.51±1.67 16.05±1.33 0.232

Preterm 5 (7.9) 2 (6.7) 3 (9.1) >0.999

Spasticity 0 0 0 -

Values are presented as mean±standard deviation or number (%).
a)Independent t-test or Fisher’s exact test.
*p<0.05.

ences in demographic and clinical characteristics. To confirm 
differences in clinical findings between the two groups, we 
conducted independent t-tests for continuous variables and 
chi-squared tests or Fisher’s exact tests for categorical variables. 
Statistical significance was set at p<0.05, and R3.6.3 (R Foun-
dation for Statistical Computing, Vienna, Austria) was used for 
all analysis. We conducted correlation analysis to investigate the 
relationship between age and changes in FAA as well as between 
initial FAA and changes in FAA, using Pearson’s correlation co-
efficient. 

RESULTS 

A total of 63 participants were included in the study, 30 of 
whom were male and 33 were female, with mean ages of 
5.11±1.05 years and 5.27±1.14 years, respectively. No significant 
difference existed in age between the two groups. The average 
period between the initial FAA and the last follow-up 3D-CT 
was 43.59±7.74 months (Table 1). A total of 252 3D-CT images 
were obtained from all patients during the follow-up period, 
which allowed us to obtain FAA data for 504 limbs according to 
age (Fig. 3). 

Fig. 3. Changes in femoral anteversion angle (FAA) measured from total three-dimensional computed tomography images according 
to age.
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Mean change in FAA and effects of sex on FAA changes 
The total initial FAA was 41.42°±8.29°, and the follow up 
FAA was 33.25°±9.19°, showing a significant decrease in an-
gle (p<0.001). The initial FAA and follow-up FAA for male 
were 38.53°±8.88° and 30.59°±8.34°, respectively. For female, 
the initial FAA and follow-up FAA were 44.05°±6.84° and 
35.67°±9.37°, respectively. Both males and females showed sig-
nificant angle changes in the follow-up FAA compared to the 
initial FAA. 

The initial and follow-up FAAs of male and female chil-
dren differed significantly, with females having larger initial 
FAA than males. However, no significant difference was 
found in FAA change between males (-7.95±7.52) and females 
(-8.38±6.67) based on sex (Table 2). 

Differences between the initial and follow-up FPA 
Dynamic foot pressure measurement was measured for 57 out 
of 63 patients, from which the initial and follow-up FPAs were 
obtained. The mean initial FPA was -10.09°±3.44°, while the 
follow up FPA was -0.74°±3.76°, indicating a significant differ-
ence in the angle between the two time points (p<0.001; Table 3). 

Correlation analysis of age and FAA change as well as  
initial FAA and FAA change 
A significant correlation was found between the initial age at the 

time of 3D-CT imaging and the change in FAA, with a greater 
change observed in younger children (r=0.248, p=0.005). The 
change in FAA was found to be significantly greater when the 
initial FAA was larger (r=-0.333, p<0.001) (Fig. 4).

Change in severity of increased FAA 
We classified the initial FAA and the FAA measured at approx-
imately 8 years of age in 63 patients according to the defined 
severity criteria. 

Of the 126 limbs, 71 (56.3%) were classified as severe for 
initial FAA, while 37 (29.4%) were classified as severe for FAA 
at approximately 8 years of age. Among the 126 limbs, only 4 
(3.2%) were classified into the mild category at the initial age, 
while 22 (17.5%) were classified into the mild category at the 
age of approximately 8 years (Table 4). 

For males, the severity of the initial FAA was mostly moderate 
at 55.0%, whereas for females, the severity was most common in 
the severe category at 71.2%. The difference in the severity rates 
between males and females was significant (p=0.002). 

The severity of FAA at 8 years of age was most commonly in 
the moderate category for males (65.0%) and females (42.4%). 
However, when improvement was assessed according to sex, 
43.3% of males and 42.4% of females showed improvement, 
and there was no significant difference between the sexes in the 
rates of severity change (Fig. 5). 

Table 2. Initial and follow-up FFA, and changes in FFA according to sex

Initial FAA (°) Follow-up FAA (°) FAA change (°) p-valuea)

Male (n=60) 38.53±8.88 30.59±8.34 -7.95±7.52 <0.001*

Female (n=66) 44.05±6.84 35.67±9.37 -8.38±6.67 <0.001*

Total (n=126) 41.42±8.29 33.25±9.19 -8.18±7.02 <0.001*

p-valueb) 0.007* 0.027* 0.806 -

Values are presented as mean±standard deviation.
FFA, femoral anteversion angle; n, numbers of limbs.
a)Paired t-test (comparing initial and follow-up FFA within each group).
b)Independent t-test (comparing male and female group differences for initial FFA, follow-up FFA, and FFA changes).
*p<0.05.

Table 3. Initial and follow-up foot progression angle

FPA Initial Follow-up Difference in mean (95% CI) p-valuea)

Left limb (n=57) -9.65±3.44 -0.48±3.82 -9.17 (-10.32, -8.01) <0.001*

Right limb (n=57) -10.53±4.22 -1.00±4.56 -9.52 (-10.80, -8.25) <0.001*

FPA (n=114) -10.09±3.44 -0.74±3.76 -9.34 (-10.41, -8.28) <0.001*

Values are presented as mean±standard deviation.
FPA, foot pregression angle; CI, confidence interval.
a)Paired t-test.
*p<0.05.



188 www.e-arm.org

Yeongchae Park, et al. Changes in FAA in Children With Intoeing Gait using 3D-CT

Table 4. The severity of the initial femoral anteversion angle and at 8 years old, according to sex

Severity
Initial FAA FAA at age 8

Male (n=60) Female (n=66) Total (n=126) p-valuea) Male (n=60) Female (n=66) Total (n=126) p-valuea)

Mild (<25°) 3 (5.0) 1 (1.5) 4 (3.2) 0.002* 11 (18.3) 11 (16.7) 22 (17.5) 0.009*

Moderate (25°–40°) 33 (55.0) 18 (27.3) 51 (40.5) 39 (65.0) 28 (42.4) 67 (53.2)

Severe (>40°) 24 (40.0) 47 (71.2) 71 (56.3) 10 (16.7) 27 (40.9) 37 (29.4)

Values are presented as number (%).
a)Chi-squared test.
*p<0.05.

Fig. 5. The change in femoral anteversion angle severity 
between the initial measurement and at age 8.
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Fig. 4. Femoral anteversion angle (FAA) change was greater in younger children (r=0.248, p=0.005) (A) and in those with higher initial 
FAA (r=-0.333, p<0.001) (B), according to correlations with age and initial FAA, respectively.
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DISCUSSION 

We aimed to investigate changes in FAA in children with an 
intoeing gait using 3D-CT, a reliable and useful tool for measur-
ing FAA [12,14,15,20,21], over a follow-up period of >3 years. 
We confirmed a significant decrease in the FAA of 126 limbs 
obtained from 63 subjects over a total period of 43.59±7.74 
months, from 41.42°±8.29° to 33.25°±9.19°. This study is sig-
nificant in that it utilized 3D-CT to follow up on FAA changes 
in children with an intoeing gait for a relatively long period. 
Fabry et al. [17] observed changes in 154 limbs from 77 chil-
dren with an intoeing gait over an average follow-up period of 
5 years and 6 months, while Svenningsen et al. [18] conducted 
a prospective follow-up study on 30 patients for an average of 9 
years until a minimum age of 15 years. However, these studies 
used a biplanar method with simple X-rays, which is known to 



Ann Rehabil Med 2023;47(3):182-191

189www.e-arm.org

demonstrate errors of up to 20° and can occur in living subjects 
owing to positioning errors [22]. On the other hand, the use of 
3D-CT reconstruction allows for an accurate determination of 
femoral torsion, independent of their positioning, as well as the 
determination of the femoral neck axis [19,22,23]. 

In the study by Kong et al., [19] the FAA values of 100 chil-
dren with intoeing gait were measured using 3D-CT and com-
pared over a follow-up period of 18.0±5.4 months. The study 
found that FAA decreased significantly in both the 4–6-year 
and 8–10-year age groups, and that younger age and larger ini-
tial FAA angle were associated with a greater decrease in FAA, 
with females showing a greater FAA decreases than males [19]. 
Consistent with this, our study showed that the greater the 
initial FAA, the greater the decrease in FAA. This result may 
be due to the higher compliance with posture correction and 
stretching exercises among patients with a higher initial FAA 
angle, as they may have had more prominent symptoms of in-
toeing gait when they first presented for treatment. However, 
in our study, there was no objective evaluation of compliance 
in the medical records; therefore, this could not be used in the 
analysis. Future studies, including information on patient com-
pliance using questionnaires, could be help assess the effects of 
simple postural correction and stretching exercises according to 
age. 

Previous studies indicated that younger children tend to ex-
hibit greater changes in FAA [18,19,24]. In particular, Kong et 
al. [19] analyzed the correlation between age and FAA changes 
using a similar method to ours. Although they reported a ten-
dency for greater FAA changes in younger children, it was not 
statistically significant. However, in this study, we obtained re-
sults that support the trend of greater FAA changes at a younger 
age, with a statistically significant correlation (Fig. 4). 

Our results regarding FAA changes according to sex partially 
differed from those in previous studies [19,25]; we found no 
difference in FAA change according to sex (Fig. 4). This may be 
because we observed changes over a longer period compared 
with the previous studies. Nevertheless, because the initial FAA 
values were significantly different between males and females in 
this study, the interpretations should made with caution. 

Fabry et al. [17] reported that there was no significant regres-
sion of FAA after 8 years of age; thus, active management may 
not be delayed even if there is severe FAA up to 8 years of age. 
Accordingly, we investigated the number of limbs that improved 
to a mild degree of severity at 8 years of age. Our study demon-
strated that only a small number of limbs (22 of 126 limbs) were 

classified as mild in terms of FAA severity at age 8. Although 
the severity decreased in more than 40% of the patients of both 
sexes, the majority remained at a moderate to severe degree of 
FAA. This could be a result of racial differences. In addition, in 
Asian countries such as Korea and Japan, floor living may result 
in children adopting positions such as W-sitting more easily. In 
these cases, improvement may be delayed compared with West-
ern children. Furthermore, contrary to Fabry et al. [17]’s study, 
some studies reported that FAA continues to regress steadily 
even after the age of 8 [18,26]; we also observed a somewhat 
decreasing trend in the graph of FAA obtained from the total 
3D-CT images according to age, particularly in the 9–12-year 
age range. Therefore, if there is a persistent moderate-to-severe 
degree of excessive FAA even after 8 years of age, continuous 
follow-up may be necessary during the growth period. How-
ever, our results showed a tendency for FAA to decrease with 
increasing age; therefore, active interventions such as corrective 
orthosis at a young age may be helpful. Further research is re-
quired to confirm these hypotheses. 

This study had several limitations. First, owing to its retro-
spective nature, there may have been selection bias in the in-
cluded patients. It is possible that parents and children did not 
visit the hospital if their symptoms improved within three years 
of their first visit to the outpatient clinic, and even if they did 
visit, they might have discontinued periodic 3D-CT follow-ups 
once their condition improved. As a result, children with long-
term follow-up 3D-CT who visited the hospital regularly for 
more than three years may have had severe symptoms from 
the beginning and may have had little improvement in their 
condition during the follow-up period, and caution is needed 
in interpreting the results accordingly. Second, the initial age of 
the children included in the study was limited to 4–8 years old. 
Therefore, future studies will need to expand to include larger 
samples of all ages. Finally, this study only observed changes 
in FAA in children with intoeing gait who were not actively 
treated and did not compare the differences between those 
who received early intervention and those who did not. Future 
research should compare cases where interventions, such as 
orthotic devices, are used with cases where no intervention is 
used to determine the effectiveness of early intervention. 

In addition to the limitations of the study design, it is im-
portant to consider the practical limitations and potential risks 
associated with using 3D-CT as a diagnostic tool for evaluating 
intoeing gait in children. 3D-CT is relatively expensive and can 
only be performed in relatively large hospitals, which may limit 
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its accessibility to some patients. Moreover, potential risks are 
associated with radiation exposure especially in children [27,28]. 
A CT scan employed to evaluate the lower extremity torsional 
profile releases an average radiation dose of 0.3–0.5 mSv, which 
is substantially lower—around 5–15 times less—than the radia-
tion exposure linked to pediatric abdominal and head CT scans 
[29,30]. Furthermore, scans targeting the arms and legs pose 
a lower risk of provoking conditions like leukemia and brain 
tumors in children below 10 years, relative to scans focused on 
the brain, chest, and abdomen [31]. Nevertheless, it’s important 
to limit the frequency of scanning to mitigate any elevated risk 
associated with radiation exposure. Therefore, in clinical prac-
tice, it is important to carefully evaluate patients’ conditions and 
consider factors such as age, medical history, and potential risks 
associated with radiation exposure. Follow-up 3D-CT scans 
should only be performed if deemed necessary and at appropri-
ate intervals to minimize the associated risks. 

Despite these limitations, FAA measurement using 3D-CT 
can serve as an objective basis for considering active treat-
ment by accurately assessing the degree of improvement in 
the anteversion angle. This can assist in preventing long-term 
complications in children whose FAA does not improve spon-
taneously. The strength of our study lies in the use of the 3D-
CT method, which has high intra- and inter-rater reliabilities 
in measuring FAA [14], to follow up on FAA changes over a 
relatively long period. These results could be used as valuable 
data providing information on FAA changes in children with an 
intoeing gait. 

In conclusion, this retrospective study using 3D-CT imaging 
showed that younger children with intoeing gait and those with 
greater initial FAA are more likely to exhibit larger decreases in 
FAA over a minimum 3-year follow-up period. Furthermore, 
since most children still have moderate-to-severe FAA even 
after the age of 8 years, periodic follow-up is necessary even if 
the intoeing gait appears to have improved visually, and early 
intervention may be necessary. However, the retrospective de-
sign and single-center nature of this study have limitations that 
should be considered when interpreting the results. Future pro-
spective studies with larger sample sizes and longer follow-up 
periods are required to confirm these findings. 
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Objective: To determine correlations of alternation motor rate (AMR), sequential motor rate 
(SMR), and maximum phonation time (MPT) with the severity of dysphagia in subacute stroke 
patients. 
Methods: This was a retrospective chart review study. Data of 171 subacute stroke patients 
were analyzed. Patient’s AMR, SMR, and MPT data were collected from their language evalu-
ations. Video fluoroscopic swallowing study (VFSS) was done. Data of dysphagia scales in-
cluding penetration-aspiration scale (PAS), American Speech-Language-Hearing Association 
National Outcomes Measurement System (ASHA-NOMS) scale, clinical dysphagia scale (CDS), 
and videofluoroscopic dysphagia scale (VDS) were obtained. AMR, SMR, and MPT were com-
pared between a non-aspirator group and an aspirator group. Correlations of AMR, SMR, and 
MPT with dysphagia scales were analyzed. 
Results: AMR (“ka”), SMR, and modified Rankin Scale were significant associated factors be-
tween non-aspirator group and aspirator group, while AMR (“pa”), AMR (“ta”), and MPT were 
not. AMR, SMR, and MPT showed significant correlations with PAS score, ASHA-NOMS scale, 
CDS, VDS oral, and VDS pharyngeal scores. The cut-off value for distinguishing non-aspirator 
group and aspiration group was 18.5 for AMR (“ka”) (sensitivity of 74.4%, specificity of 
70.8%) and 7.5 for SMR (sensitivity of 89.9%, specificity of 61.0%). AMR and SMR were sig-
nificantly lower in before-swallow aspiration group. 
Conclusion: Articulatory diadochokinetic tasks that can be easily performed at the bedside 
would be particularly helpful in determining the oral feeding possibility of subacute stroke 
patients who cannot undergo VFSS, which is the gold standard for dysphagia assessment. 

Keywords: Dysarthria, Deglutition disorders, Phonation, Stroke  
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INTRODUCTION 

Dysarthria and dysphagia are common complications after 
stroke, which are highly related to each other. Many studies have 

found the co-existence of dysarthria and dysphagia among pa-
tients with neuromuscular diseases and ischemic stroke [1-3]. 
The rate of co-occurrence of dysarthria and dysphagia ranges 
from 28%–42% in stroke survivors [2-4]. Both speech articula-
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tion and swallowing process share some common neuroanatom-
ical structures. For example, muscles of soft palate, larynx, and 
pharynx are innervated by efferent motor nerves of the vagus 
rising from the nucleus ambiggus [5]. The upper and lower lips, 
controlled by facial nerve and tongue, controlled by the hypo-
glossal nerve, are important oral structures and coordination 
of these structures are crucial for both speech articulation and 
swallowing process. 

Alternation motor rate (AMR) and sequential motor rate 
(SMR) are articulatory diadochokinetic parameters that can 
assess the severity of dysarthria by checking the regularity, rate, 
and the accuracy of articulators. AMR and SMR are used to 
evaluate the severity of dysarthria in stroke patients with high 
validity and reliability [6-8]. AMR includes rapid repetition of 
monosyllabic sounds such as ‘pa’, ‘ta’, and ‘ka’, while SMR includes 
repetition of a multisyllabic sound such as ‘pa-ta-ka’. Each sound 
production evaluates a different articulation point. ‘Pa’ is a bila-
bial sound produced by the movement of lips. ‘Ta’ sound is an 
alveolar sound produced by the movement of the tongue tip and 
alveolar ridge of mouth. ‘Ka’ is a velar sound produced by the 
movement of dorsum of tongue and soft palate [9]. To perform 
AMR and SMR correctly, patients need to be able to move their 
oral structures, such as lips, tongue tip, tong base, dorsum of 
tongue, and soft palate, in a finely coordinating manner and the 
integrity of their oral muscles should be intact. Any impairment 
in coordination or muscles strength of oral structures will result 
in reduced AMR and SMR [10]. 

The oral phase of swallowing is a voluntary process that in-
volves the complex movement of the oral structures to mix food 
with saliva to form a bolus that is propelled into the oropharynx 
to initiate the swallowing reflex. During the oral preparatory 
stage, the lips should be closed to prevent anterior leakage, and 
anterior part of the tongue should maintain contact with the 
hard palate to hold the bolus at the anterior part of mouth. The 
posterior part of the oral cavity is sealed by the contact of the 
dorsum of the tongue and the soft palate to prevent leakage into 
the pharynx before swallow [11]. During the oral propulsive 
stage, the anterior tip and sides of the tongue contract against 
the palate to progressively squeeze the entrapped bolus into the 
oropharynx. At the same time, the dorsum area of the tongue 
forms a passage that allows the bolus to enter the oropharynx. If 
the tongue is weak or paralyzed, the bolus may spill into the oral 
cavity or into the pharynx, which can lead to aspiration before 
swallowing [12]. Also, a previous study has shown that tongue 
base resection showed significant correlation with swallowing 

dysfunction who underwent oral cancer surgery [13]. 
However, studies investigating the relationship between AMR, 

SMR, and the severity of dysphagia in subacute stroke patients 
have not been reported yet. We hypothesized that stroke patients 
with impaired AMR and SMR may experience oral stage swal-
lowing difficulties and be at a higher risk for before-swallowing 
aspiration. We conducted a study to determine whether there is 
any correlation between AMR and SMR with certain parameters 
of oral stage dysphagia, and thus explore the relationships be-
tween the specific location of the tongue and oral stage swallow-
ing problems. 

Moreover, phonation ability has a deep association with swal-
lowing function [14]. The coordination of oral, laryngeal, pha-
ryngeal muscles, and respiratory muscles in the upper airway is 
important in both phonation and swallowing processes. Maxi-
mum phonation time (MPT) is the longest period during which 
a patient can sustain phonation of a vowel sound. To perform 
MPT correctly, a patient needs to sustain a prolonged expiratory 
phase to make sufficient subglottal air pressure to induce the 
vocal cord vibration, which plays an important role in protecting 
the airway as well as producing sound by regulating the airflow. 
MPT can indirectly measure the efficiency of the laryngeal func-
tion and vocal cord vibration [15]. Since bronchial airflow is the 
most important determinant of MPT, we could assume that pa-
tients with shorter MPT may have lower subglottal airway pres-
sure, which is one of the important factors for airway protection 
[16]. In a normal swallowing process, an increase in subglottic 
pressure occurs to release the air from the subglottic space into 
the pharynx for airway protection [17]. 

We hypothesized that patients with shorter MPT may ex-
perience difficulty in expelling materials out from the airway, 
leading to impaired pharyngeal stage swallowing functions and 
an increased risk of during-swallowing aspiration. Thus, we con-
ducted a study to determine whether there are any correlations 
between MPT and parameters of the pharyngeal stage swallow-
ing functions, and to investigate the relationship between phona-
tion ability and pharyngeal stage swallowing functions. 

METHODS 

Participants 
This was a retrospective study. Data were collected by reviewing 
charts of subacute stroke patients who were admitted to Soon-
chunhyang University Bucheon Hospital in Korea from January 
2018 to December 2021. This study was approved by Institution-
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al Review Board (IRB) of Soonchunhyang University Bucheon 
Hospital (IRB No. SCHBC 2022-07-007). 

Inclusion criteria were as follows: (1) patients with first ever 
stroke, including hemorrhagic stroke, and ischemic stroke; (2) 
those with subacute stage stroke less than six months of onset; 
(3) patients who had problems with articulation of speech and 
had completed a language assessment test; (4) patients who had 
symptoms of dysphagia and had undergone video fluoroscopic 
swallowing study (VFSS); and (5) the time difference between 
dysarthria evaluation and dysphagia evaluation was less than 
one week. 

Exclusion criteria were as follows: (1) patients who had a 
previous stroke history; (2) those who had other neurologic dis-
eases such as brain tumor, hypoxic brain damage, or Parkinson’s 
disease; (3) patients who could not properly finish the language 
assessment test due to various reasons, such as severe cognitive 
deficit; and (4) patients with a tracheostomy tube. 

Mini-mental state examination (MMSE) and modified Rankin 
Scale (mRS) were collected for the cognitive function and degree 
of disability of patients, respectively. The stroke lesion location 
and size were confirmed by neuroimaging studies, including 
computed tomography or diffusion weighted imaging, at the 
time of admission. The lesion size was measured as the largest 
diameter visible on neuroimaging [18]. 

Initially, data from 269 patients were collected. However, 19 
patients with a previous stroke history, 11 patients with oth-
er neurologic diseases, 62 patients who could not accomplish 
speech evaluation test properly, and 6 patients who had a trache-
ostomy tube were excluded. Finally, data from 171 patients were 
analyzed. 

Dysarthria assessment 
During the hospitalized period, all patients finished their lan-
guage assessment test using the Korean version of Speech Mech-
anism Screening Test (SMST). The patient’s articulation was 
tested using AMR and SMR. 

To evaluate AMR (“pa”), patients were asked to breathe in air 
as much as possible and they were asked to make a ‘pa’ sound re-
peatedly as fast as possible for 5 seconds. The maximum number 
of ‘pa’ sound made by the patient was counted by a speech ther-
apist. The same were done with a ‘ta’ sound for AMR (“ta”) and 
a ‘ka’ sound for AMR (“ka”), respectively. The test was repeated 
three times and the mean value was calculated for each sound. 

To evaluate SMR, patients were asked to breathe in air as much 
as possible and they were asked to make a ‘pa-ta-ka’ sound re-

peatedly as fast as possible for 5 seconds. The maximum number 
of ‘pa-ta-ka’ sound that a patient made was counted by a speech 
therapist. The test was repeated three times and the mean value 
was calculated.  

To evaluate MPT, patients were asked to breathe in air as much 
as possible and they were asked to make an ‘ah’ sound as long as 
possible. The speech therapist measured the MPT with a stop 
watch. The test was repeated three times and the mean value was 
calculated. During AMR, SMR, and MPT evaluation, the tone 
and the height of the voice were phonated as comfortable as they 
could. 

VFSS procedure and outcome measures 
Patients underwent VFSS to evaluate their swallowing ability. 
Foods for VFSS were yogurt (International Dysphagia Diet Stan-
dardization Initiative [IDDSI] level 4), rice porridge (IDDSI level 
5), boiled rice (IDDSI level 7), and water (IDDSI level 0). Bari-
um sulphate suspension was mixed with foods. The order of the 
food provided was a spoon of yogurt, followed by rice porridge, 
boiled rice, and 5 mL of water. The last step was cup drinking. It 
was done only if there was no aspiration during 5 mL of water. 
The procedure was stopped whenever foods were aspirated. The 
VFSS procedure was video-recorded. Recorded video was exam-
ined by two experienced doctors in the Department of Physical 
Medicine and Rehabilitation. Based on VFSS study results, we 
scored Penetration-Aspiration Scale (PAS), clinical dysphagia 
scale (CDS), videofluoroscopic dysphagia scale (VDS), and 
American Speech-Language-Hearing Association National Out-
comes Measurement System (ASHA-NOMS) scale. 

PAS is an 8-point scale to describe penetration and aspiration 
event during swallowing. It is frequently used to evaluate the 
severity of dysphagia. Higher PAS scores indicate more severe 
dysphagia. PAS score 1 indicates normal swallowing function 
without penetration or aspiration. PAS scores 2 to 5 indicate 
penetration and PAS scores 6 to 8 indicate aspiration. PAS score 
for yogurt, rice porridge, boiled rice, 5mL of water, and cup 
drinking was scored respectively and the highest PAS value of in 
any diet tested was selected for the analysis. 

Also, the timing of aspiration was further divided into be-
fore-swallowing, during-swallowing, and after-swallowing 
aspiration. Aspiration before the swallow was defined as that 
occurring prior to the beginning of swallowing reflex. Aspira-
tion during the swallow was defined as that occurring during 
the swallowing reflex. All subsequent aspirations were defined as 
aspiration after the swallow [19]. 
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CDS has 8 rating items with scores ranging from 0 to 100, 
with a higher score indicating a more severe dysphagia. CDS is 
commonly used to evaluate the swallowing function of stroke 
patients. It has been proven to have a good validity [20]. It eval-
uates aspiration, lip sealing, chewing and mastication, tongue 
protrusion, laryngeal elevation, and reflex coughing. 

VDS consists of 14 items with scores ranging from 0 to 100, 
with a higher score indicating a more severe dysphagia. It is 
composed of VDS oral phase scores and VDS pharyngeal phase 
scores. The items included in VDS oral phase are lip closure, 
bolus formation, mastication, apraxia, tongue to palate contact, 
premature bolus loss, and oral transit time. The items included 
in VDS pharyngeal phase score are triggering of pharyngeal 
swallow, vallecular residue, laryngeal elevation, pyriform sinus 
residue, coating on the pharyngeal wall, pharyngeal transit time, 
and aspiration. The scores for each item were analyzed. The 
scoring was done with the worst scores regardless of the type of 
food we used [21]. It is a quantitative assessment tool for dys-
phagia and has shown to correlate with VFSS findings with good 
validity. It can be applied to any dysphagic patients including 
stroke patients [22]. 

ASHA-NOMS scale describes the swallowing ability of pa-
tients at seven different levels. It assesses how much supervision 
is required and determines how much diet restriction is need-
ed for safe feeding. Level 1 indicates that an individual cannot 
swallow anything safely by mouth and that all nutrition and 
hydration should be received through enteral feeding. Level 7 
indicates that an individual’s ability to eat independently is not 
limited by swallowing function and that swallowing would be 
safe and efficient for all consistencies [23].  

Statistical analysis 
Collected data were analyzed with IBM SPSS Statistics 27.0 
(IBM Corp., Armonk, NY, USA). Test for normality was done 
for all collected data by Shapiro–Wilk test. Quantitative data are 
presented as mean±standard deviation or median (interquartile 
range). 

Patients were categorized into two different groups according 
to their PAS scores. Patients with PAS 1 to 5 were categorized 
into a non-aspirator group and patients with PAS 6 to 8 were 
categorized into an aspirator group. To compare the variables be-
tween two groups, an independent two sample t-test or Mann–
Whitney U-test was conducted as appropriate. Chi-squared test 
or the Fisher’s exact test was performed for categorical variables. 

To identify the independent risk factors of outcomes, a step-

wise multivariable logistic regression analysis was performed 
that included all variables with a p-value<0.05 in the univariable 
analysis. Odd ratio and their 95% confidence interval (CI) were 
also calculated. 

Spearman’s partial correlation analysis was conducted to in-
vestigate the correlations of AMR, SMR, and MPT with dyspha-
gia parameters. The correlation coefficient was adjusted by other 
possible effectors such as age, sex, MMSE, mRS, the size of the 
stroke lesion, the location of stroke lesion, the type of stroke, and 
the laterality of stroke lesion. The correlation was interpreted 
as very weak when between 0.00 to 0.19, weak when between 
0.20 to 0.39, moderate when between 0.40 to 0.69, strong when 
between 0.70 to 0.89, and very strong when between 0.90 to 1.00 
[24]. 

The aspirator group was further divided into three dif-
ferent groups according to the timing of aspiration. Aspira-
tion before-swallowing was assigned as group A, aspiration 
during-swallowing was assigned as group B, and aspiration after- 
swallowing was assigned as group C. The value of AMR (“pa”), 
AMR (“ta”), AMR (“ka”), SMR, and MPT were compared be-
tween the three groups by Kruskal–Wallis test. Post hoc analysis 
by Dunn’s procedure was done in the multiple comparison to 
correct type 1 error. 

Receiver operating characteristic (ROC) curve analysis was 
done to obtain optimal cut-off values for AMR (“ka”) and SMR 
for distinguishing non-aspirator group and aspiration group by 
Youden index. 

RESULTS 

Data from a total number of 171 patients were collected. Basic 
characteristics, AMR, SMR, MPT, and dysphagia parameters of 
these patients are listed in Table 1. Dysphagia parameters such 
as ASHA-NOMS, CDS, VDS oral score, and VDS pharyngeal 
score were significantly different between non-aspirator group 
and aspirator group. Also, MMSE, mRS, location of the stroke 
lesion, AMR (“pa”), AMR (“ta”), AMR (“ka”), SMR, and MPT 
were significantly different between non-aspirator group and 
aspirator group, which led us to perform stepwise multivariable 
logistic regression analysis to find out the significant associated 
risk factors between the two groups. 

In Table 2, stepwise multivariable analysis showed that mRS, 
AMR (“ka”), and SMR were significant associated factors be-
tween the two groups. Other variables such as MMSE, location 
of the stroke lesion, AMR (“pa”), AMR (“ta”), and MPT were 



196 www.e-arm.org

Back Min Oh, et al. Associations Between Dysarthria and Maximum Phonation Time With Dysphagia

Table 1. Basic characteristics of patients and comparison of AMR, SMR, MPT, and VFSS parameters between two groups (n=171)

Characteristic Non-aspirators (n=82) Aspirators (n=89) p-value

Age (yr) 62.62±14.52 62.45±14.12 0.937

Sex 0.227

 Male 46 (56.10) 58 (65.17)

 Female 36 (43.90) 31 (34.83)

Onset (mo) 1.56±1.07 1.76±1.25 0.257

MMSE 22.67±5.49 20.79±5.38 0.027a)

mRS 2.84±0.95 3.30±0.91 0.001a)

Stroke type 0.584

 Ischemic stroke 44 (53.66) 44 (49.44)

 Hemorrhagic stroke 38 (46.34) 45 (50.56)

Stroke laterality 0.877

 Right 26 (31.71) 29 (32.58)

 Left 37 (45.12) 37 (41.58)

 Bilateral 19 (23.17) 23 (25.84)

Stroke lesion 0.003b)

 Supratentorial 76 (92.70) 68 (76.41)

 Infratentorial 3 (3.65) 17 (19.10)

 Both 3 (3.65) 4 (4.49)

Stroke lesion size (mm2) 37.05±35.14 40.56±18.66 0.411

 AMR (“pa”) 23 (19.0–25.0) 16 (10.5–21.0) <0.001c)

 AMR (“ta”) 23 (18.0–25.3) 15 (8.5–20.0) <0.001c)

 AMR (“ka”) 22.5 (18.8–26.0) 14 (7.5–19.5) <0.001c)

 SMR 8 (6–10) 4 (2–6.5) <0.001c)

 MPT 9.16 (6.39–13.06) 5.41 (3.66–7.99) <0.001c)

 ASHA-NOMS 7 (6–7) 5 (3–5) <0.001c)

 CDS 5 (5–15) 45 (35–54) <0.001c)

 VDS_oral 0 (0–5.0) 9 (5.0–18.0) <0.001c)

 VDS_phayrngeal 11 (2–16) 26 (20.0–41.5) <0.001c)

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
AMR, alternation motor rate; SMR, sequential motor rate; MPT, maximum phonation time; VFSS, video fluoroscopic swallowing study; MMSE, 
mini-mental state examination; mRS, modified Rankin Scale; ASHA-NOMS, American Speech-Language-Hearing Association National Outcomes 
Measurement System; CDS, clinical dysphagia scale; VDS, videofluoroscopic dysphagia scale.
a)p<0.05 by an independent two sample t-test; b)p<0.05 by chi-squared test or the Fisher’s exact test; and c)p<0.001 by Mann–Whitney U-test.

not significant associated risk factors. 
In Table 3, partial correlation was done to find out the correla-

tion between AMR (“pa”), AMR (“ta”), AMR (“ka”), SMR, and 
MPT with the dysphagia parameters. AMR (“pa”), AMR (“ta”), 
AMR (“ka”), SMR, and MPT had significant correlation with 
PAS score, ASHA-NOMS scale, CDS score, PAS score for 5mL 
liquid and PAS score for cup drinking of water, and velopharyn-
geal reflux. 

AMR (“pa”), AMR (“ta”), AMR (“ka”), and SMR had mod-
erate correlation with VDS oral score and weak correlation with 
VDS pharyngeal score. All 7 items included in VDS oral score 
showed significant correlations, while only 2 items included in 
VDS pharyngeal score showed significant correlation.  

MPT had weak correlation with VDS oral score and moderate 
correlation with VDS pharyngeal score. Only 3 items in VDS 
oral score had significant correlations, while 5 items in VDS 
pharyngeal score had significant correlation. 

In Table 4, AMR (“pa”), AMR (“ta”), AMR (“ka”), and SMR 
were significantly lower in the before-swallowing aspiration 
group compared to the other two groups. However, there was no 
significant difference in MPT between the three groups. 

In Fig. 1, cut-off values of AMR (“ka”) and SMR for distin-
guishing non-aspirator group and aspiration group are shown. 
The cut-off value was 18.5 for AMR (“ka”) with a sensitivity of 
74.4% and a specificity of 70.8% on the ROC curve (area under 
curve [AUC]=0.796, 95%CI=0.730–0.862). The cut-off value 
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Table 2. Univariable analysis and stepwise multivariable logistic regression analysis between non-aspirator group and aspirator group

Variable
Univariable analysis Multivariable analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 0.998 (0.977–1.019) 0.826

Sex 1.539 (0.829–2.859) 0.172

Onset 1.165 (0.894–1.519) 0.258

MMSE 0.939 (0.887–0.993) 0.029a) 1.040 (0.950–1.138) 0.400

mRS 1.706 (1.216–2.395) 0.002a) 1.865 (1.079–3.223) 0.026b)

Stroke type 0.844 (0.463–1.540) 0.584

Stroke lesion laterality

 Right Reference

 Left 0.685 (0.382–1.882) 0.685

 Bilateral 0.719 (0.338–1.529) 0.391

Stroke lesion location

 Supratentorial Reference Reference

 Infratentorial 6.333 (1.778–22.557) 0.004a) 3.686 (0.768–17.681) 0.103

 Both 1.490 (0.322–6.898) 0.610

Lesion size 1.004 (0.992–1.016) 0.473

AMR (“pa”) 0.869 (0.823–0.918) <0.001a) 1.303 (0.961–1.769) 0.089

AMR (“ta”) 0.861 (0.815–0.909) <0.001a) 1.159 (0.803–1.671) 0.430

AMR (“ka”) 0.846 (0.798–0.896) <0.001a) 0.690 (0.522–0.912) 0.009b)

SMR 0.590 (0.502–0.693) <0.001a) 0.544 (0.405–0.732) <0.001c)

MPT 0.781 (0.711–0.858) <0.001a) 0.953 (0.841–1.080) 0.453

OR, odds ratio; CI, confidence interval; MMSE, mini-mental state examination; mRS, modified Rankin Scale; AMR, alternation motor rate; SMR, 
sequential motor rate; MPT, maximum phonation time.
a)p<0.05 by univariable linear logistic analysis; b)p<0.05 by stepwise multivariable logistic regression analysis; and c)p<0.001 by stepwise multivariable 
logistic regression analysis.

Table 3. Partial correlations between AMR, SMR, MPT, and various dysphagia parameters

AMR (“pa”) AMR (“ta”) AMR (“ka”) SMR MPT

Oral phase

 VDS oral score R -0.547 -0.585 -0.608 -0.661 -0.367

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 Lip closure R -0.476 -0.426 -0.433 -0.428 -0.223

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 Bolus formation R -0.424 -0.447 -0.444 -0.412 -0.176

p-value <0.001a) <0.001a) <0.001a) <0.001a) 0.051

 Mastication R -0.410 -0.419 -0.445 -0.440 -0.122

p-value <0.001a) <0.001a) <0.001a) <0.001a) 0.175

 Apraxia R -0.239 -0.260 -0.306 -0.199 -0.115

p-value 0.002b) 0.001b) 0.001b) 0.010b) 0.084

 Tongue to palate contact R -0.445 -0.484 -0.505 -0.425 -0.164

p-value <0.001a) <0.001a) <0.001a) <0.001a) 0.067

 Premature bolus loss R -0.297 -0.321 -0.403 -0.411 -0.322

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 Oral transit time R -0.420 -0.450 -0.467 -0.482 -0.282

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

(Continued to the next page)
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AMR (“pa”) AMR (“ta”) AMR (“ka”) SMR MPT

Pharyngeal phase

 VDS pharyngeal score R -0.268 -0.293 -0.323 -0.398 -0.402

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 Triggering of pharyngeal swallow R -0.239 -0.254 -0.254 -0.336 -0.423

p-value 0.002b) 0.001b) 0.001b) <0.001a) <0.001a)

 Vallecular residue R -0.124 -0.114 -0.123 -0.128 -0.148

p-value 0.110 0.143 0.115 0.104 0.058

 Laryngeal elevation R -0.033 -0.070 -0.106 -0.146 -0.331

p-value 0.675 0.370 0.174 0.055 <0.001a)

 Pyriform sinus residue R -0.054 -0.060 -0.073 -0.063 -0.149

p-value 0.491 0.445 0.348 0.422 0.055

 Coating on the pharyngeal wall R -0.128 -0.135 -0.131 -0.136 -0.310

p-value 0.101 0.082 0.083 0.081 <0.001a)

 Pharyngeal transit time R -0.018 -0.075 -0.129 -0.111 -0.274

p-value 0.815 0.337 0.098 0.156 <0.001a)

 Aspiration R -0.349 -0.391 -0.416 -0.522 -0.357

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

Other dysphagia parameters

 PAS score R -0.369 -0.376 -0.552 -0.585 -0.386

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 ASHA-NOMS scale R 0.308 0.330 0.402 0.434 0.304

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 CDS R -0.260 -0.277 -0.326 -0.428 -0.368

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 PAS score for yogurt R -0.004 -0.041 -0.064 -0.065 -0.073

p-value 0.962 0.647 0.478 0.472 0.420

 PAS score for rice porridge R 0.048 0.013 -0.017 -0.006 0.000

p-value 0.597 0.889 0.848 0.950 0.997

 PAS score for rice R 0.039 0.014 -0.012 -0.003 -0.026

p-value 0.666 0.880 0.894 0.975 0.772

 PAS score for 5 mL water R -0.188 -0.248 -0.306 -0.328 -0.275

p-value 0.036b) 0.005b) 0.001b) <0.001a) 0.002b)

 PAS score for cup drinking of water R -0.366 -0.371 -0.425 -0.598 -0.379

p-value <0.001a) <0.001a) <0.001a) <0.001a) <0.001a)

 Velopharyngeal reflux R -0.201 -0.267 -0.332 -0.211 -0.226

p-value 0.010b) <0.001a) <0.001a) 0.007b) 0.003b)

The correlation coefficient was adjusted by other possible effectors such as age, sex, MMSE, mRS, the size of the stroke lesion, the location of stroke lesion, 
the type of stroke, and the laterality of stroke lesion.
AMR, alternation motor rate; SMR, sequential motor rate; MPT, maximum phonation time; VDS, videofluoroscopic dysphagia scale; PAS, penetration-
aspiration scale; ASHA-NOMS, American Speech-Language-Hearing Association National Outcomes Measurement System; CDS, clinical dysphagia scale.
a)p<0.001 by Pearson’s partial correlation analysis and b)p<0.05 by Pearson’s partial correlation analysis.

Table 3. Continued

was 7.5 for SMR with a sensitivity of 89.9% and a specificity of 
61.0% on the ROC curve (AUC=0.836, 95% CI=0.776–0.896). 

DISCUSSION 

We went through chart review of 171 subacute stroke patients. 

Table 1 showed that MMSE, mRS, and brain lesion location were 
significantly different between the two groups. However, the 
mean value of MMSE was 22.67±5.49 in non-aspirator group 
and 20.79±5.38 for aspirator group. Both group had a mean 
MMSE higher than 20. All patients included in this study were 
able to accomplish VFSS procedure and speech language eval-
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uation test without any problems. Also, stepwise multivariable 
logistic regression analysis showed that MMSE and brain lesion 
location were not significant factors between the two groups. 

In Table 2, mRS, AMR (“ka”), and SMR were the significant 
factors between non-aspirator group and aspirator group. AMR 
(“pa”), AMR (“ta”), and MPT were not significant factors be-
tween the two groups. Thus, we could suggest that AMR (“ka”) 
and SMR, which represents posterior lingual movements, are the 
important risk factors between the two groups. 

The partial correlation analysis showed that AMR (“pa”), 
AMR (“ta”), AMR (“ka”), SMR, and MPT had negative correla-

tion with the PAS score, positive correlation with the ASHA-
NOMS scale, negative correlation with the CDS. We could 
suggest that patients with impaired AMR (“pa”), AMR (“ta”), 
AMR (“ka”), SMR, and MPT are more vulnerable to aspiration, 
require more diet modification and supervision during oral 
feeding, and have more severe oropharyngeal dysphagia. We 
would like to discuss additional results in more detail with VDS 
oral item scores and VDS pharyngeal item scores according to 
the different articulation points. 

Table 4. AMR, SMR, and MPT difference between the three groups

Before-swallowing 
aspiration (A)

During-swallowing 
aspiration (B)

After-swallowing 
aspiration (C) p-value

Post hoc analysis (multiple comparison)

p-value p-value p-value

A vs. B A vs. C B vs. C

AMR (“pa”) 10.5 (6.75–13.0) 18.0 (13.5–22.0) 20.0 (12.0–23.5) <0.001a) <0.001a) 0.009b) >0.999

AMR (“ta”) 8.0 (5.5–10.5) 18.0 (13.0–21.0) 19.0 (7.5–22.5) <0.001a) <0.001a) 0.015b) >0.999

AMR (“ka”) 7.5 (3.0–10.0) 17.0 (13.0–20.5) 18.0 (4.5–21.5) <0.001a) <0.001a) 0.029b) >0.999

SMR 2.5 (1.0–4.25) 5.0 (3.0–7.0) 6.0 (3.0–7.0) <0.001a) 0.002b) 0.040b) >0.999

MPT 3.97 (2.58–6.42) 5.47 (3.95–8.40) 6.09 (3.51–10.72) 0.128 - - -

Values are presented as median (interquartile range).
AMR, alternation motor rate; SMR, sequential motor rate; MPT, maximum phonation time.
a)p<0.001 by Kruskal–Wallis test and b)p<0.05 by Kruskal–Wallis test.

Fig. 1. Receiver operating characteristic curves of (A) alternation motor rate (“ka”) and (B) sequential motor rate for distinguishing 
non-aspirator group and aspirator group. AUC, area under curve.
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Anterior lingual movements: correlation between AMR 
(“pa”), AMR (“ta”) with oral and pharyngeal dysphagia 
parameters 
Table 3 showed that AMR (“pa”) and AMR (“ta”) had a mod-
erate correlation with lip closure, bolus formation, mastication, 
tongue to palate contact, and oral transit time. Also, there were 
weak correlation with premature bolus loss and apraxia. These 
parameters are related to problems during the oral preparatory 
phase as well as the oral propulsive phase. 

AMR (“pa”) and AMR (“ta”) represents the anterior lingual 
movements. AMR (“pa”) is a bilabial sound, representing the 
movement of the lips. AMR (“ta”) is an alveolar sound, repre-
senting the anterior tip of tongue motility. Both lips and anterior 
tip of the tongue are important in oral preparatory phase when 
lips prevent anterior leakage and the anterior tip of tongue holds 
the bolus at the anterior part of the mouth against the hard pal-
ate. Anterior lingual movements are important when transition 
from oral preparatory phase in oral propulsive phase occurs. The 
oral propulsive phase is primarily driven by the tongue when the 
anterior tongue surface contacts the hard palate just behind the 
upper incisors, and the area of tongue to palate contact starts to 
expand backward to squeeze the bolus into the oropharynx [11]. 
Therefore, patients with impaired AMR (“pa”) and AMR (“ta”) 
may have difficulty in preventing anterior leakage, bolus forma-
tion, mastication, tongue to palate contact, delayed oral transit 
time, and premature bolus loss, which increases the risk of aspi-
ration due to reduced anterior lingual motility.  

Also, AMR (“pa”) and AMR (“ta”) had a weak negative cor-
relation with triggering of pharyngeal swallow and aspiration. 
There were no correlation with vallecular residue, laryngeal el-
evation, pyriform sinus residue, coating on the pharyngeal wall, 
and pharyngeal transit time. Therefore, we concluded that ante-
rior lingual movements have a more correlation with oral stage 
dysphagia than pharyngeal stage dysphagia. 

However, the overall correlation coefficient showed only weak 
or moderate correlations. None of the dysphagia parameters had 
strong correlation. The correlation coefficient for PAS score and 
ASHA-NOMS scale showed weak correlations. AMR (“pa”) and 
AMR (“ta”) were not significant factors between the non-aspira-
tor group and the aspirator group (Table 2). Therefore anterior 
lingual motility is thought to have relatively lesser impact on the 
swallowing process, especially for aspiration. 

Posterior lingual movements: correlation between AMR 
(“ka”), SMR with oral and pharyngeal dysphagia param-
eters 
Table 3 showed that AMR (“ka”) and SMR had a moderate cor-
relation with lip closure, bolus formation, mastication, tongue to 
palate contact, premature bolus loss, and oral transit time. Also, 
there was a weak correlation with apraxia. These parameters are 
related to problems during the oral preparatory phase as well as 
the oral propulsive phase. 

AMR (“ka”) and SMR represent the posterior lingual motility. 
AMR (“ka”) is a velar sound made by the dorsum of the tongue 
and soft palate. SMR also has ‘ka’ sound which requires the dor-
sum of the tongue and soft palate. During the oral preparatory 
stage, the oral cavity is sealed posteriorly with the dorsum of the 
tongue and soft palate to prevent the bolus from leaking into the 
oropharynx before swallowing. During the oral propulsive stage, 
the area of tongue to palate contact gradually expands backward, 
squeezing the bolus back along the palate into the oropharynx. 
The bolus aggregates on the pharyngeal surface of the tongue 
and in the valleculae to induce a swallowing reflex and start the 
pharyngeal phase of swallowing. 

Therefore, patients with impaired AMR (“ka”) and SMR may 
have difficulties in bolus formation, mastication, tongue to pal-
ate contact, delayed oral transit time and be at a higher risk of 
premature bolus loss, which increases the risk of aspiration. 

Also, AMR (“ka”) and SMR had a weak correlation with trig-
gering of pharyngeal swallow and a moderate correlation with 
aspiration. There were no correlation with vallecular residue, 
laryngeal elevation, pyriform sinus residue, coating on the pha-
ryngeal wall, and pharyngeal transit time. 

However, the overall correlation coefficient showed only weak 
or moderate correlations. None of the dysphagia parameters 
had a strong correlation. The correlations for the PAS score and 
the ASHA-NOMS scale were moderate, which were stronger 
compared with AMR (“pa”) and AMR (“ta”). Also, AMR (“ka”) 
and SMR were significant risk factor between the non-aspirator 
group and the aspirator group (Table 2). Therefore, posterior 
lingual motility is thought to be an important factor in the swal-
lowing process. 

Correlation between MPT with oral and pharyngeal dys-
phagia parameters 
Table 3 showed that MPT had a weak correlation with lip clo-
sure, premature bolus loss and oral transit time. There were no 
correlations with bolus formation, mastication, apraxia, and 
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tongue to palate contact. However, there were a moderate cor-
relation with triggering of pharyngeal swallow, and a weak cor-
relation with laryngeal elevation, coating on the pharyngeal wall, 
pharyngeal transit time, and aspiration. From there results, we 
could suggest that MPT is more related with pharyngeal stage 
dysphagia compared to oral stage dysphagia. 

A previous study found out that MPT is associated with trigger-
ing of pharyngeal swallowing and laryngeal elevation in Parkin-
son’s disease [25]. Another previous study showed that prolonged 
pharyngeal transit time is a significant predictor of aspiration 
pneumonia in the elderly [26]. This is consistent with our study 
results, showing that MPT had a negative correlation with trig-
gering of pharyngeal swallow, delayed pharyngeal transit time, 
and laryngeal elevation, which are important airway protective 
mechanism during deglutition. Also, the airway is protected by 
swallowing apnea, a well-coordinated physiologic response where 
respiration stops during swallowing by laryngeal elevation and 
the action of the aryepiglottic folds. This apneic period tends to 
last about 0.5 to 1.5 seconds serving to prevent aspiration during 
inspiration by maintaining the higher subglottic pressure [27]. 

MPT requires a patient to sustain a prolonged expiratory phase 
to make sufficient subglottal air pressure to induce the vocal cord 
vibration. MPT is strongly influenced by breathing capacity, expi-
ratory pressure, and subglottic pressure [14]. MPT is known to in-
directly measure the efficiency of the laryngeal function and vocal 
cord vibration [15]. This result is supported by a previous study 
that showed increase in MPT correlated with improvement in 
swallowing function in the oral and pharyngeal phase of patients 
with multiple system atrophy with dysphagia [28]. 

We concluded that MPT has correlation with pharyngeal 
phase dysphagia more than oral stage dysphagia. Patients with 
shorter MPT may have reduced laryngeal elevation, lower sub-
glottic air pressure, have delayed triggering of pharyngeal swal-
low reflex and delayed pharyngeal transit time, and therefore at 
an increased risk of aspiration. However the overall correlation 
coefficient was from weak to moderate and MPT was not a sig-
nificant factor between the non-aspirator group and the aspira-
tor group (Table 2). 

Correlations with the presence of velopharyngeal reflux 
Table 3 showed that AMR (“pa”), AMR (“ta”), AMR (“ka”), 
SMR, and MPT had a significant weak correlation with the pres-
ence of velopharyngeal reflux. During the normal pharyngeal 
phase of swallowing, the soft palate is elevated by the contraction 
of levator veli palatine while the lateral and posterior pharyngeal 

walls contract medially and anteriorly to close the velopharyn-
geal port, separating the nasal cavity and oral cavity [11]. This 
process prevents the bolus from regurgitating into the nasal 
cavity. Velopharyngeal reflux can occur when the soft palate and 
pharyngeal walls are unable to form an effective seal. 

AMR and SMR utilize oral plosive sounds such as ‘pa’, ‘ta’, 
and ‘ka’. Oral plosive sounds are created when the air is stopped 
completely in the oral cavity and then suddenly explodes with 
its release. Air pressure needs to build up in the oral cavity up to 
5–7 mmHg in order to produce there oral plosive sounds [29]. 
Therefore, in order to perform AMR and SMR correctly, not 
only lingual movements but also adequate elevation of the soft 
palate and contraction of the pharyngeal wall are required. 

Also, MPT utilizes prolonged phonation process. During 
phonation, the air passes through the vocal folds and travels 
through the pharyngeal cavity and then through the oral and na-
sal cavities, where changes in the space occur due to the various 
movements of the articulatory organs, resulting in the produc-
tion of different types of sounds [9]. To make oral sounds, the 
pathway to the nose is usually blocked by the contraction of the 
levator veli palatine muscle that elevates the soft palate to attach 
to the back of the pharyngeal wall, blocking the path to the nasal 
cavity and allowing the airflow only to the oral cavity. On the 
other hand, when the soft palate is lowered, the airflow can pass 
through the nose, resulting in the production of nasal sounds. 
MPT utilizes the ‘a’ sound, which is produced without any ob-
struction in the middle part of the oral cavity, making it a vowel 
sound. To perform a longer MPT, a patient needs to be able to 
control their oropharyngeal structures in coordination. 

Therefore, we concluded that AMR, SMR, and MPT had sig-
nificant correlations with the presence of velopharyngeal reflux.  

Correlation between AMR, SMR, MPT, and PAS scores 
according to type of food 
The partial correlation analysis showed that AMR (“pa”), AMR 
(“ta”), AMR (“ka”), SMR, and MPT had significant correlations 
between PAS scores of 5 mL of liquid and cup drinking. Howev-
er, there were no significant correlations between the PAS scores 
of yogurt, rice porridge, and rice. 

Handling a liquid bolus requires very fast and elaborate move-
ments of the oral structures as well as pharyngeal structures 
due to its slippery consistency. Liquid has the most vulnerable 
consistency that increases risk of aspiration. Thus, patients with 
impaired coordination of oral structures can be more susceptible 
in handling liquid materials, resulting in premature bolus loss 



202 www.e-arm.org

Back Min Oh, et al. Associations Between Dysarthria and Maximum Phonation Time With Dysphagia

and, therefore, a higher risk of aspiration. The study results were 
consistent with a previous study that showed increasing viscosity 
of foods would decrease the aspiration for stroke patients [30]. 

Correlation between AMR, SMR, MPT, and type of aspi-
ration 
In Table 4, AMR (“pa”), AMR (“ta”), AMR (“ka”), and SMR 
were significantly lower in group A. Aspiration before the swal-
low is commonly caused by either the premature entry of liquids 
into the pharynx due to impaired containment in the oral cavity 
or by delayed onset of laryngeal closure after a bolus is propelled 
into the pharynx [11]. A previous study suggested that prema-
ture bolus loss is a sign of reduced tongue strength and motility 
in stroke survivors [31]. Unfortunately, our study did not assess 
the strength of the tongue. However, tongue motility is reflected 
by AMR (“pa”), AMR (“ta”), AMR (“ka”), and SMR. There-
fore, we could suggest that patients with impaired AMR (“pa”), 
AMR (“ta”), AMR (“ka”), and SMR were more susceptible to 
before-swallowing aspiration due to impaired tongue motility, 
incomplete bolus loss and premature spillage. 

MPT were not significantly different between the three groups. 
Impairments of airway protection can result from reduced la-
ryngeal elevation or inadequate vocal fold closure. These impair-
ments can lead to aspiration, usually during the swallow. Since 
MPT indirectly reflects laryngeal functions such as vocal cord 
vibration, bronchial airflow, subglottic air pressure, we expected 
that Group B would have a lower MPT compared to the other 
groups [16]. However, we could not find any difference between 
the tree groups. This may be partially due to some limitations 
of our study that did not measure intensity of vocalization, and 
there were no accurate criteria for the height of the voice or tone 
of the voice. Also, we did not assess vocal cord palsy. These lim-
itations require further studies that encompass all these parame-
ters and in more well-designed study. 

To our best knowledge, this is the first study to investigate 
the correlations of AMR and SMR with dysphagia in subacute 
stroke patients. There is a previous study that showed the cor-
relation between AMR, SMR, and dysphagia in amyotrophic 
lateral sclerosis (ALS) patients [32]. The study showed that ALS 
patients who aspirated in 10 mL liquid bolus had lower AMR 
(“ka”) compared to the ALS non-aspiration subjects. Also, SMR 
had a significant negative correlation with pharyngeal residue 
and aspiration. The authors suggest that alterations in speech 
production in ALS patients are due to decreased range, rate, and 
strength of the tongue, decreased oral pharyngeal musculature, 

decreased lingual coordination and impaired base of tongue 
movement, which increase the amount of pharyngeal residue 
and the risk of aspiration. The study suggested that AMR (“ka”) 
and SMR are related to bolus propulsion through the pharynx in 
the swallowing process as well as posterior lingual movements 
during the articulation of speech. Our study showed similar 
results that posterior lingual movements, represented by AMR 
(“ka”) and SMR, are important factors in dysphagia of subacute 
stroke patients. We further found out that the type of aspiration 
was mainly before-swallowing aspiration. 

AMR and SMR are simple to calculate, and they have minimal 
linguistic burden, which could allow patients with even severe 
dysarthria to complete the assessment [33]. AMR and SMR can 
also detect a subtle degree of dysarthria [34].  

This study has several limitations. First, for patients with se-
vere aphasia or severe cognitive dysfunction, their articulation 
ability and phonation ability can be underestimated. Therefore, 
our study results lack reliability and validity for patients with 
severe aphasia or severe cognitive impairment, and caution is 
needed for clinical application of the study result. 

Second, we did not evaluate other oral structure related pa-
rameters such as maximal tongue protrusion length or maxi-
mal tongue base pressure and area that can be assessed by high 
resolution manometry, which are known to be related with 
dysphagia [35,36]. Also, we did not evaluate the strength of oral 
structures such as lips and tongue. Therefore, we could not find 
the relationship between tongue strength and swallowing func-
tions. Previous studies used Iowa Oral Performance Instrument 
(IOPI Medical LLC, Woodinville, WA, USA) to measure tongue 
strength in a quantitative and objective manner. They found out 
that tongue strength is related with swallowing functions of the 
stroke survivors [37,38]. Another study found out that lingual 
strength training provides positive effects on lingual strength 
and articulator function, such as AMR and SMR, in stroke sur-
vivors [39]. We expect that our study results can be helpful in 
serving as a link to elucidate the relationship between tongue 
strength, AMR and SMR, and dysphagia of stroke survivors in 
more detail. 

Third, the onset time of stroke was less than six months. We 
did not enroll chronic stage stroke patients. 

Fourth, since this study was designed as a retrospective cross 
sectional chart review study, it was unable to find out the causal 
relationship or long-term relationship. 

Fifth, when evaluating PAS or VDS scores, we based the scores 
on the worst findings observed during the examination, regard-
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less of the food consistency. It should be noted that the results 
may differ depending on the consistency of the food. 

Lastly, when performing MPT, there were no strict criteria 
for the tone of the voice, height of the voice and intensity of 
the voice, which may have led to errors. It would have been 
more solid if other voice evaluation indices such as richness, 
roughness, breathiness, pitch, and voice instability were taken 
into account. Also, we did not assess for the vocal cord palsy or 
coughing function, such as peak cough flow, of patients [40]. 
Therefore, subsequent studies with prospective and long-term 
observation with well-designed studies are required. 

Long-term follow-up studies on changes of AMR, SMR, and 
MPT during speech therapy or pulmonary rehabilitation exer-
cise, in regard with the strength of the oral structures, could pro-
vide further information about relationships of AMR, SMR, and 
MPT with swallowing function in stroke patients. 

In conclusion, this study showed that AMR, SMR, and MPT 
had significant correlations with the severity of dysphagia. AMR 
(“ka”), SMR, and mRS were significant factors between the 
non-aspirator group and the aspirator group, while AMR (“pa”), 
AMR (“ta”), and MPT were not. Extra caution should be taken 
for dysphagia in patients with AMR less than 18.5 or SMR less 
than 7.5. Our study results suggest that articulatory diadochoki-
netic tasks that can be easily performed at the bedside would be 
particularly helpful in determining the oral feeding possibility of 
subacute stroke patients who cannot undergo VFSS, which is the 
gold standard for dysphagia assessment. 
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INTRODUCTION 

Stroke is well known to significantly impair motor and sensory 
functions, and the resulting gait disturbance persists even after 
three months [1]. Therefore, restoring gait ability is the most 
critical task in post-stroke rehabilitation [2]． 

In recent years, gait rehabilitation using robot-assisted gait 
training (RAGT) has been the focus of attention in gait recovery 
after a stroke. RAGT is a method of training a patient’s lower 
limbs to move in a gait-like movement using actuators attached 

Objective: To measure muscle activity before and after robot-assisted gait training (RAGT) in 
patients with stroke and examine the differences in muscle activity changes compared with 
conventional gait training (CGT). 
Methods: Thirty patients with stroke (RAGT group, n=17; CGT group, n=13) participated in 
the study. All patients underwent RAGT using a footpad locomotion interface or CGT for 20 
minutes for a total of 20 sessions. Outcome measures were lower-limb muscle activity and 
gait speed. Measurements were performed before the start of the intervention and after the 
end of the 4-week intervention. 
Results: The RAGT group showed increased muscle activity in the gastrocnemius, whereas 
the CGT group showed high muscle activity in the rectus femoris. In the terminal stance of 
the gait cycle, the gastrocnemius, the increase in muscle activity was significantly higher in 
the RAGT group than in the CGT group. 
Conclusion: The results suggest that RAGT with end-effector type is more effective than CGT 
to increase the gastrocnemius muscle activity. 
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to a walking device [3]. RAGT involves the actuator performing 
the movements of the patient’s lower limbs during walking, thus 
enabling intensive and repetitive gait practice necessary to re-
learn gait [4]. 

RAGT can be classified into exoskeletal and end-effector 
types according to how the lower limbs move [5], such as LO-
KOMAT (Hocoma AG, Volketswil, Switzerland) [6-10] and 
GaitMaster [11-14], respectively. In a previous report on RAGT 
for patients with stroke, Schwartz et al. [15] performed RAGT 
with LOKOMAT in patients with subacute stroke. They showed 
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that it was effective in restoring gait ability compared with usual 
physiotherapy. Tanaka et al. [16] also reported that gait rehabili-
tation using GaitMaster for patients with subacute stroke result-
ed in significantly higher gait speed and endurance improve-
ment than conventional gait rehabilitation. Thus, the benefits of 
RAGT for patients with stroke are promising [17-20]; however, 
some reports have found no significant difference when com-
pared with conventional gait rehabilitation [21-23]. Therefore, 
neurophysiological assessment is needed to further understand 
the effects of RAGT [24]. 

The neurophysiological effects of RAGT have been studied 
in lower-limb muscle activity. Hidler and Wall [25] measured 
muscle activity during RAGT with LOKOMAT and treadmill 
walking in healthy participants. They reported higher muscle 
activity in the rectus femoris and vastus lateralis during the free 
leg phase in RAGT because of pelvic restriction and lower ac-
tivity in the gastrocnemius and tibialis anterior muscles during 
the overall walking cycle as a result of passive walking in 
RAGT. Coenen et al. [26] also measured lower-limb muscle ac-
tivity during RAGT with LOKOMAT and overground walking 
in patients with chronic stroke and reported that lower-limb 
muscle activity in these patients was lower during RAGT than 
during overground walking. These studies have shown that 
RAGT reduces lower-limb muscle activity. However, reports so 
far have not shown how continuous training of RAGT changes 
muscle activity in patients with stroke. Thus, further studies 
are needed to assess changes in muscle activity before and after 
RAGT to improve understanding of the effects of RAGT on 
muscle activity. 

Therefore, this study aimed to measure changes in muscle 
activity pre- and post-RAGT in patients with stroke and inves-
tigate the differences between conventional gait training (CGT) 
and changes in muscle activity. Concretely, we hypothesized 
that RAGT with an end-effector-type device would induce an-
kle joint muscle activity and positively change the ankle muscle 
activity pattern more than CGT. 

METHODS 

Participants 
Patients with stroke within 6 months of onset and significant 
gait disorder (functional ambulatory category [27] of ≤3) on 
study entry were included. All participants were inpatients. Pa-
tients who could not walk independently before onset, patients 
with severe cardiovascular or pulmonary dysfunction (equiv-

alent to New York Heart Association Classification [28] III or 
IV), patients with osteoarthritic disease limiting movement, and 
patients with dementia and difficulty understanding instruc-
tions (mini-mental state examination [29] <20) were excluded. 

The Ethics Committee of the Tokyo Professional University 
of Health Sciences approved the study (Approval No. 21-0024). 
This study was conducted with the consent of all participants or 
their legal representatives to participate in the study. 

Study protocol 
The participants were assigned to the RAGT group (odd num-
bers) or CGT (even numbers) using a computer-generated 
random number table. In the RAGT group, RAGT using a foot-
pad-type locomotion interface was performed five times a week 
for 4 weeks, and CGT was not performed. The footpad-type 
locomotion interface used in this study was GaitMaster, which 
was developed by the Division of Intelligent Interaction Tech-
nologies, Faculty of Engineering, Information and Systems, 
University of Tsukuba [30]. GaitMaster is an end-effector type 
gait support device that can present gait-like movements by 
combining back-and-forth and up-and-down movements of the 
footpads. The participants place their legs on the footpads, and 
the footpads move along the gait trajectory, enabling the user to 
perform a gait-like movement [31]. 

The gait training conditions using the GaitMaster were as fol-
lows: the walking speed was the maximum walking speed pos-
sible for the participant to perform the gait movement, and the 
training time was 20 minutes, including rest time. A safety belt 
was attached to the weight-loading device during gait training 
to ensure safety, but no weight-unloading was performed. In 
addition, participants used handrails attached to the GaitMaster 
as necessary to ensure safety. Patients belonging to RAGT group 
did not use foot braces during training. 

In the CGT group, participants performed CGT to acquire 
independent gait five times a week for 4 weeks. CGT consisted 
of stepping exercises, parallel bars, and walking exercises on the 
floor. The CGT group did not use treadmills or other common-
ly used gait practice equipment. The physiotherapists modified 
the content of the gait training for the CGT group according 
to the patient’s ability and condition. Additionally, the physio-
therapist provided gait training in the CGT group using a met-
al-upright ankle–foot orthosis (n=7), a shoehorn-type ankle–
foot orthosis (n=1), and an off-the-shelf soft knee brace (n=1), 
depending on the patient’s gait ability. The gait training time for 
the CGT group was 20 min, including rest periods. Neither the 
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RAGT nor the CGT group had any restrictions on rehabilita-
tion other than walking exercises, such as occupational therapy 
or speech and language therapy.

Clinical outcomes 
Participants’ age, sex, time since onset, stroke type, paralysis 
side, lower-extremity Fugl–Meyer assessment (LE-FMA), func-
tional ambulation category (FAC), gait speed, and lower-limb 
muscle strength were baseline assessments. The primary out-
come measure was muscle activity in lower-limb muscles by 
surface electromyography. The electromyogram (EMG) was 
measured using the wireless electromyography sensor SS-
WS2911 (Sports Sensing; Fukuoka, Japan). Gluteus medius, 
rectus femoris, hamstrings, tibialis anterior, and gastrocnemius 
muscles on the paralyzed side were evaluated. The electrode 
attachment positions for each muscle followed the surface EMG 
for non-invasive assessment of muscles guidelines [32]. A foot 
switch was also affixed to the heel to measure pressure data．
EMG measurements were performed with floor walking. The 
participant’s muscle activity for ten walking cycles was recorded 
at a sampling frequency of 1,000 Hz. The acquired data were 
processed with a bandpass filter at 10–500 Hz and smoothed 
by root mean square (RMS) every 100 ms. The RMS-processed 
waveforms were normalized to 100% of the maximum myopo-
tential for each muscle. The normalized ten walking cycles of 
the waveform data were converted to one walking cycle (0%–
100%) by additive averaging using footswitch data. The con-
verted data for one gait cycle was divided into the initial contact 
phase (0%–1%), loading response phase (2%–12%), mid-stance 
phase (13%–31%), terminal stance phase (32%–50%), pre-
swing phase (51%–62%), initial swing phase (63%–75%), mid-
swing phase (76%–87%), and terminal swing phase (88%–100%) 
[33]. 

The secondary assessment outcome was the gait speed. Gait 
speed was defined as the maximum walking speed in floor 
walking. Gait speed was measured by having the participants 
walk as fast as possible on a 10-m walking path and calculating 
their walking speed using the number of seconds required to 
do the walk. Two measurements were made for the gait speed. 
The faster gait speed was adopted as the maximum gait speed. 
When measuring walking speed, the use of common walking 
aids was permitted, and walking assistance by a physiotherapist 
was allowed if necessary. These assessments were measured be-
fore the study began and at the end. 

Statistical analysis 
Comparisons between the RAGT and CGT groups for age, time 
since onset, LE-FMA, FAC, gait velocity, and lower-limb muscle 
strength at the baseline were made using an unpaired t-test for 
those following a normal distribution after conducting the Sha-
piro–Wilk test or the Mann–Whitney U-test for those not fol-
lowing a normal distribution. Comparisons were made for sex, 
stroke type, and paralyzed side using Fisher’s direct significant 
difference establishment. 

Pre- and post-comparisons of gait speed and muscle activity 
in each group were made using the Shapiro–Wilk test followed 
by a paired t-test for those following a normal distribution and 
the Wilcoxon signed rank test for those not following a normal 
distribution. The changes before and after the intervention were 
calculated for between-group comparisons of walking speed 
and muscle activity. After performing the Shapiro–Wilk test, 
those following a normal distribution were compared using an 
unpaired t-test, and those not following a normal distribution 
were compared using the Mann–Whitney U-test. All statistical 
analyses were performed using IBM SPSS Statistics version 25.0 
(IBM Corp., Armonk, NY, USA), with a statistical significance 
set at 0.05. 

RESULTS 

Participant characteristics 
We enrolled 32 participants in this study; however, 1 participant 
having FAC of ≥3 and 1 participant who could not perform 
gait training were excluded from the study, leaving a total of 30 
participants. The enrolled participants were divided into RAGT 
groups (n=17) for odd numbers and CGT groups (n=13) for 
even numbers, using a computer-generated random number 
table. All participants completed the study. However, five par-
ticipants in the RGAT group and five in the CGT group were 
excluded from the analysis because their muscle activity could 
not be measured. As a result, 12 patients in the RGAT group 
and 8 in the CGT group were included in the analysis (Fig. 1). 
The participant demographics at baseline showed no significant 
differences between the two groups (Table 1). 

Clinical outcomes after gait training 
Gait speed increased significantly in both groups (RAGT: pre, 
0.45±0.28 m/s vs. post, 0.73±0.55 m/s; p=0.027; CGT: pre, 
0.28±0.25 m/s vs. post, 0.56±0.47 m/s; p=0.017). 

Regarding muscle activity changes within the groups, the 
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Fig. 1. Consort flow chart. FAC, functional ambulation category.

Table 1. Demographic characteristics of the RAGT and CGT groups

Variable RAGT group (n=12) CGT group (n=8) p-value

Age (yr) 67.83±11.42 64.50±10.30 0.507a)

Sex

 Male 9 (75.0) 5 (62.5) 0.455  

 Female 3 (25.0) 3 (37.5)

Duration of stroke (day) 60.83±23.54 61.38±26.32 0.963a)

Stroke type

 Infarction 7 (58.3) 5 (62.5) 0.612

 Hemorrhage 5 (41.7) 3 (37.5)

Lesion side

 Left 6 (50.0) 7 (87.5) 0.106

 Right 6 (50.0) 1 (12.5)

LE-FMA 16.75±7.91 14.63±5.53 0.489a)

Initial FAC 2.08±0.79 1.63±0.52 0.179b)

Initial gait speed (m/s) 0.45±0.28 0.28±0.25 0.263b)

Initial muscle strength (kg/f) 

 Paretic side

  Hip extension 3.94±4.49 6.59±7.03 0.624b)

  Hip flextion 4.33±4.29 7.09±10.75 0.910b)

  Knee extension 8.12±9.53 9.23±16.22 0.678b)

  Knee flextion 3.02±5.70 3.18±6.81 0.678b)

 Non paretic side

  Hip extension 9.27±5.09 12.95±3.72 0.057b)

  Hip flextion 15.10±10.04 21.00±13.00 0.208b)

  Knee extension 18.09±12.31 23.63±10.37 0.238b)

  Knee flextion 10.23±6.07 12.40±4.53 0.270b)

Values are presented as mean±standard deviation or number (%).
RAGT, robt-assisted gait training; CGT, conventional gait training; LE-FMA, lower-extremity fugl–meyer assessment; FAC, functional ambulation category.
a)RAGT and CGT comparisons in unpaired t-tests and b)RAGT and CGT comparisons in Mann–Whitney U-test.

32 Assessment for eligibility
2 Excluded

1 Had score 4 or 5 on the FAC
1 A state where walking training is not 

possible 

17 Allocated to gait training with a footpad-
type locomotion interface 

17 Received allocated intervention

12 Analyzed 
5 Exuluded from analysis 
5 Failure to collect muscle potentials 

13 Allocated to conventional gait training 
therapy 

13 Received allocated intervention 

8 Analyzed 
5 Exuluded from analysis 
5 Failure to collect muscle potentials 

30 Randomized
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RAGT group showed a significant increase in muscle activity in 
the gastrocnemius throughout the gait cycle. In the CGT group, 
a significant increase in muscle activity was found in the early 
stance phase in the rectus femoris (Table 2). 

Group comparison of clinical outcomes 
The change in the walking speed between the RGAT and CGT 
groups before and after training showed no significant differ-
ences between the two groups (RAGT, 0.27±0.37 m/s vs. CGT, 
0.28±0.26 m/s; p=0.337). 

A comparison of muscle activity between the RAGT and 
CGT groups showed an increase in the muscle activity in the 
CGT group at the initial contact and terminal swing in the 
rectus femoris and a higher increase in muscle activity in the 
RAGT group at the terminal stance and an initial swing in the 
gastrocnemius (Table 2). 

DISCUSSION 

This study compared the changes in lower-limb muscle activity 
between gait rehabilitation with RAGT using GaitMaster and 
CGT in patients with stroke and gait disorders. To the best of 
our knowledge, no longitudinal study has examined changes 
in muscle activity following RAGT-based interventions. This 
study is probably the first study in that category. In the RAGT 
group, a significant increase in muscle activity in the gastroc-
nemius muscles was found, particularly in the terminal stance 
phase, after 4 weeks of RAGT intervention with GaitMaster. By 
contrast, after 4 weeks of intervention, the CGT group showed 
a significant increase in muscle activity in the early stance phase 
of the rectus femoris. 

In a previous study of the effects of RAGT on muscle activity, 
Hidler and Wall [25] reported that muscle activity during walk-
ing with an exoskeletal LOKOMAT was generally higher in the 
quadriceps and gluteus maximus than during treadmill walking 
but lower in the gastrocnemius, long adductor, and tibialis an-
terior. The results of the present study were inconsistent with 
those of previous studies. The disagreement is probably due to 
differences in the induction method of the skeletal and end-ef-
fector lower limbs. RAGT with GaitMaster differs from CGT 
in that the ankle joint is in a gait position with the ankle joint 
fixed to the footpad [31]. The plantar surface of the foot always 
touches the footpad, which means that the lower-limb is load-
ed proportionately, even during the swing phase. In addition, 
RAGT with GaitMaster can induce the terminal stance phase of 

the lower-limb on the stance side through the backward move-
ment of the footpad. Compared with CGT, this combined effect 
may have led to an increase in gastrocnemius muscle activity 
throughout the gait cycle, particularly in the terminal stance 
phase. In contrast, CGT significantly increased muscle activity 
in the early stance phase of the rectus femoris. As Prosser et al. 
[34] reported similar muscle activity patterns for ground and 
treadmill walking, so we consider that muscle activity during 
treadmill walking can be used as a reference. Regarding tread-
mill walking in stroke patients, van Kammen et al. [35] report-
ed higher muscle activity in the lateral vastus muscles during 
the early stance phase of treadmill walking compared with LO-
KOMAT and walking. Repeated CGT may have increased the 
muscle activity of the rectus femoris in the early stance phase. 
However, as described by Semaan et al. [36], the relationship be-
tween CGT and increased muscle activity in the rectus femoris 
should be further investigated, as treadmill walking and ground 
walking has similar muscle activity patterns differ in the ampli-
tude of muscle activity and kinematic measures. Moreover, the 
CGT group used foot braces during gait training. Further in-
vestigation into the relationship between foot braces and rectus 
femoris muscle activity is needed, as ankle joint immobilization 
with foot braces may have increased stability during the stance 
phase and influenced the activity of the rectus femoris muscles. 

Post-stroke gait disorders are affected by reduced propulsion 
from the paralyzed side [37], leading to reduced walking speed 
and asymmetry [38]. Therefore, propulsion improvement on 
the paralyzed side may be necessary for recovery from gait dis-
orders after a stroke [39]. The gastrocnemius muscles mainly 
generate the propulsive force of walking. Therefore, it is crucial 
to improve the strength of the gastrocnemius. Varoqui et al. [40] 
reported that repetitive gait movements with the LOKOMAT 
did not worsen the plantar flexor ankle muscles’ muscle tone 
but improved their strength. Therefore, here, the increase in 
gait speed of the RAGT group in this study can be attributed to 
increased muscle activity in the gastrocnemius due to repetitive 
gait movements using the GaitMaster, which increases mus-
cle strength. However, this study did not assess ankle plantar 
flexion muscle strength and gastrocnemius muscle tone. These 
factors should be assessed in future studies. Additionally, as this 
study only assessed the paralyzed side, future research on im-
proving symmetry is required. 

We observed no significant difference in the gait speed im-
provement between the RAGT and CGT groups. However, a 
previous report by Tanaka et al. [16] found that RAGT with 
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Table 2. Changes in muscle activity between pre- and post-training for each group

Variable
RAGT group CGT group

pre post pre post

Gluteus medius

 Initial contact 32.67±18.86 43.08±24.76 20.27±14.57 28.72±17.50

 Loading response 36.99±19.03 37.25±23.48 23.30±16.25 33.18±20.85

 Mid stance 34.91±19.51 25.46±16.24 24.70±13.66 24.97±14.67

 Terminal stance 23.42±15.05 14.46±9.48 17.77±10.35 21.55±10.52

 Pre-swing 17.55±9.95 12.81±9.59 14.61±10.79 19.94±9.91

 Initial swing 17.38±8.37 10.91±7.02b) 14.52±10.91 20.16±10.44

 Mid-swing 15.73±9.15 10.07±6.00b) 13.90±10.43 21.19±11.78

 Terminal swing 18.56±10.26 19.43±10.47 14.11±9.61 22.82±12.33

Rectus femoris

 Initial contacta) 39.47±13.04 37.60±17.53 24.09±10.75 35.37±13.54c)

 Loading response 36.49±13.63 36.64±17.34 26.83±14.60 38.62±14.31c)

 Mid-stance 30.48±16.22 24.84±17.75 22.57±13.77 23.99±8.56

 Terminal stance 22.79±13.00 18.82±14.00 17.39±10.22 19.55±9.65

 Pre-swing 16.95±8.95 13.83±8.80 15.82±9.83 22.90±14.50

 Initial swing 16.47±9.59 13.80±11.45 15.88±10.72 21.46±11.06

 Mid-swing 18.08±11.46 13.46±14.01c) 17.18±14.61 24.84±12.91

 Terminal swinga) 27.18±9.93 20.28±12.49 17.49±10.64 28.10±10.80

Hamstrings

 Initial contact 32.83±17.47 44.77±20.29 23.25±14.16 30.05±21.03

 Loading response 39.08±15.77 44.79±19.41 28.75±16.51 32.92±20.08

 Mid-stance 31.05±19.58 37.75±14.63 27.70±17.58 26.23±19.30

 Terminal stance 18.94±15.30 22.10±12.57 18.97±15.10 16.96±10.64

 Pre-swing 10.36±9.66 19.77±13.74 16.26±13.53 12.40±9.71

 Initial swing 8.79±6.84 14.79±11.42 11.40±8.02 11.61±7.90

 Mid-swing 11.36±7.28 14.99±10.86 12.07±6.68 16.45±10.89

 Terminal swing 20.90±13.66 31.94±13.94b) 16.12±8.27 22.64±14.02

Tibialis anterior

 Initial contact 27.14±20.90 35.12±20.21 23.34±14.57 27.54±13.65

 Loading response 21.53±12.58 30.08±16.42 21.51±15.33 30.70±15.22

 Mid-stance 17.22±10.38 20.54±11.13 21.74±17.95 24.31±14.39

 Terminal stance 16.39±13.83 15.05±8.60 16.60±15.76 24.81±17.60

 Pre-swing 17.13±10.76 24.95±18.00 16.88±13.15 22.99±15.25

 Initial swing 23.45±13.44 32.62±19.37 20.17±11.10 27.79±15.80

 Mid-swing 20.62±11.87 25.01±16.06 24.13±12.55 29.28±13.49

 Terminal swing 20.40±11.22 24.20±13.73 20.98±9.74 25.03±14.60

Gastrocnemius

 Initial contact 25.31±20.49 37.85±17.51b) 32.16±16.43 40.29±18.90

 Loading response 21.82±15.92 35.63±12.41b) 28.52±14.43 35.44±13.34

 Mid-stance 23.34±18.07 35.63±12.42b) 29.41±18.14 30.40±10.99

 Terminal stancea) 29.92±21.87 35.63±12.43b) 27.07±17.66 21.43±11.02

 Pre-swing 20.93±17.11 35.63±12.44 22.16±15.83 13.73±5.89

 Initial swinga) 14.38±10.56 35.63±12.45b) 18.19±13.75 12.27±6.52

 Mid-swing 14.62±10.15 35.63±12.46 16.89±13.89 18.63±13.40

 Terminal swing 18.86±12.92 35.63±12.47c) 20.17±10.19 24.70±11.93

Values are presented as mean±standard deviation.
RAGT, robot-assisted gait training; CGT, conventional gait training.
a)p<0.05, RAGT and CGT comparisons in unpaired t-tests; b)p<0.05, pre- and post-training comparisons in paired t-test; and c)p<0.05, pre- and post-
training comparisons in Wilcoxon signed rank test.



Ann Rehabil Med 2023;47(3):205-213

211www.e-arm.org

GaitMaster had greater gait speed improvement than that in 
the CGT group. In this study, lower-limb muscle strength in the 
CGT group tended to be higher than that in the RAGT group 
at the beginning of the study, although this difference was not 
significant. However, it is possible that this difference in muscle 
strength could have influenced the increase in gait speed. 

This study found that RAGT and CGT elicit muscle activities 
in different regions. This finding indicates that RAGT and CGT 
have different mechanisms of gait disorder recovery. Many 
previous RAGT studies have focused on improving gait ability; 
however, very few have focused on the mechanism of gait re-
covery. Therefore, future studies should examine the effects of 
RAGT from the aspect of gait recovery mechanisms.  

This study has several limitations. First, the statistical power 
was low because of the small number of participants and analy-
sis because of errors in EMG measurements. Second, the results 
are limited to RAGT using GaitMaster and therefore cannot 
be generalized to all robot gait devices, as many robot gait de-
vice types perform RAGT, and the mechanism for performing 
RAGT differs from one type to another. Therefore, future stud-
ies should generalize the effects of RAGT on muscle activity by 
increasing the number of participants and identifying differenc-
es in the results on muscle activity among robotic gait devices.  

In conclusion, the results suggest that RAGT with GaitMaster 
is more effective than CGT in increasing muscle activity in the 
gastrocnemius muscle, which is involved in the propulsive force 
of the gait. 
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INTRODUCTION 

Traumatic brain injury (TBI) is defined as an alteration in brain 
function and consciousness that results in physical and cogni-
tive impairments caused by an external force [1]. TBI is now 
perceived as a global public health epidemic and is expected 
to become the world’s leading cause of neurological disability 
across all age groups, according to the World Health Organiza-
tion. It has been reported that on average 1.7 million traumatic 
brain injuries occur annually in the United States, approximate-
ly 275,000 are on admission, 52,000 die, and approximately 76 
billion dollars in annual costs arise directly or indirectly from 
TBI. It can lead to both short- and long-term cognitive func-
tional decline, with a subsequent burden on patients and their 
relatives. 

Objective: To examine (1) the location of brain lesion that would predict post-traumatic de-
lirium and (2) the association between volume of brain lesion and occurrence of delirium in 
patients with traumatic brain injury (TBI). 
Methods: A retrospective study was conducted by reviewing medical records of 68 TBI pa-
tients, categorized into two groups: the delirious group (n=38) and non-delirious group 
(n=30). The location and volume of TBI were investigated with the 3D Slicer software. 
Results: The TBI region in the delirious group mainly involved the frontal or temporal lobe 
(p=0.038). All 36 delirious patients had brain injury on the right side (p=0.046). The volume 
of hemorrhage in the delirious group was larger by about 95 mL compared to the non-deliri-
ous group, but this difference was not statistically significant (p=0.382). 
Conclusion: Patients with delirium after TBI had significantly different injury site and side, 
but not lesion size compared to patients without delirium. 
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One of the common early cognitive dysfunction is post-trau-
matic delirium (PTD). Delirium is an acute disturbance of con-
sciousness and cognition that can occur after a traumatic event 
such as TBI. Nakase-Thompson et al. [2] revealed delirium in 
69.4% of patients with TBI. The cardinal features of delirium 
include a rapid onset or fluctuating course, inattention, distur-
bance in the sleep-wake cycle, disorientation, altered level of 
consciousness, disorganized thoughts with perceptual distur-
bances, and incoherent speech [3]. Currently, the evaluation 
of delirium in patients adheres to the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-5) classifica-
tion, and its diagnostic criteria consist of manifestations such as 
sleep-wake cycle disturbance, abnormal motor behavior, lability 
of mood, perceptual disturbance, delusions, and hallucinations 
[4]. 
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Despite the prevalence of TBI and the significant impact 
that delirium can have on patient outcomes, the association 
between the site or severity of brain lesions as a result of trauma 
and the PTD is not well understood. Delirium in TBI can be 
derived from several anatomical and functional disruptions, 
such as altered interregional connectivity among large-scale 
brain networks for higher cognitive functions, such as attention, 
emotional integration, and behavioral coherence [4]. Thus, 
structural brain changes after TBI, which result in cognitive and 
physical performance following injury, should be considered 
in the evaluation of PTD. However, there is a lack of research 
that has systematically explored the relationship between brain 
lesions and the development and progression of delirium in pa-
tients with TBI. 

Therefore, this study aimed to determine the correlation be-
tween the location and size of brain lesions after TBI and the 
clinical course of PTD. The following hypotheses were consid-
ered: (1) the location of brain lesions would be predictive of di-
agnosing delirium and (2) the volume of brain lesions would be 
correlated with the degree of cognitive or physical dysfunction 
in delirious patients with TBI. 

METHODS 

Subjects 
Medical records of patients with TBI admitted to the rehabil-
itation unit of Ewha Womans University Mokdong Hospital, 
Seoul, Korea from March 2011 to October 2021 were retrospec-
tively collected. All included patients were older than 18 years 
and were diagnosed with intracranial hemorrhage after trauma 
using computerized tomography. The exclusion criteria were 
the presence of a history of previous stroke or brain injury and 
a disorder of dementia or mental illness that would confound 
delirium. We also excluded patients who were not eligible for 
estimating intellectual ability due to their remaining minimally 
conscious status. A total of 88 patients with TBI were recruited, 
and 68 patients who met the criteria were reviewed. The char-
acteristics of these patients, such as age, sex, years of education, 
trauma type, and brain surgery, were evaluated. 

Prior to the start of the study, ethical approval was obtained 
from a Institutional Review Board (IRB) of Ewha Womans Uni-
versity Mokdong Hospital, Seoul, Korea (IRB No. 2022-03-013) 
and informed consent was waived due to the retrospective na-
ture of the medical record review. This study was conducted in 
accordance with the Declaration of Helsinki of the World Med-

ical Association Declaration. It was performed in accordance 
with the approved guidelines. 

Clinical assessments 
In this retrospective study, the presence of delirium in patients 
with TBI was investigated from transfer to the rehabilitation 
unit until discharge. An experienced rehabilitation medicine 
physician evaluated the cases and sorted them into two groups 
based on the DSM-5 criteria: the delirious group and the 
non-delirious group. Additionally, in the delirious group, De-
lirium Rating Scale-Revised-98 (DRS-R-98) was used to assess 
delirium severity and track its progression, dependent on each 
TBI patient’s medical records including hospitalization course, 
nursing chart, application of physical restraint, and history of 
antipsychotics use. The DRS-R-98 non-cognitive (items 1–8) 
and cognitive (items 9–13) subscale scores were computed. 
Eight symptoms of the DRS-R-98, which belong to the non-cog-
nitive domain, were sleep–wake cycle disturbance, perceptual 
disturbances and hallucinations, delusions, lability of affect, lan-
guage, thought process abnormalities, motor agitation, and mo-
tor retardation. The five symptoms of the DRS-R-98 cognitive 
domain were orientation, attention, short-term memory, long-
term memory, and visuospatial ability. The DRS-R-98 scale 
consisted of these 16 items, including three diagnostic item 
scores (e.g., temporal onset, physical disorder and fluctuation 
of symptom severity), and a maximum total scale score of 46, 
where each symptom ranged from 0 to 3, normal to severe, or 
the most disturbed behaviors [5]. 

The comparison between the delirious and non-delirious 
groups among patients with TBI was routinely performed using 
the Mini Mental State Exam (MMSE), Clinical Dementia Rating 
(CDR), Modified Barthel Index (MBI), to determine the cog-
nitive and Medical Research Council (MRC)-sum score. These 
measures were used to determine the cognitive and physical 
functional outcomes of each group from transfer to discharge, 
based on trauma date. Two physical therapists with more than 5 
years of experience evaluated the MMSE, CDR, and MBI. Four 
physical therapists with more than 5 years of experience evalu-
ated the MRC-sum score. All enrolled patients underwent these 
examinations, and there was no missing data. 

The location of traumatic brain lesions is divided into frontal, 
temporal, parietal, and occipital lesion derived from the brain’s 
four basic lobes. And the volume of TBI were demarcated using 
the 3D Slicer software (Fig. 1). 3D Slicer is a free open-source 
software platform for biomedical research (http://www.slicer.

http://www.slicer.org
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org). We measured intracranial hemorrhage volume with the 
3D Slicer, which could count all pixels compromising the hem-
orrhage beyond the configuration of the hematoma, in compar-
ison with the traditional planimetric method. Hemorrhage was 
automatically identified pixel-by-pixel in each slice after setting 
a threshold range of 50–100 Hounsfield units. In this manner, it 
went beyond the limits of the size-dependent and shape-depen-
dent estimation errors of the Tada (ABC/2) formula [6,7]. The 
validity of 3D Slicer has been demonstrated in other studies 
[8,9]. 

Statistical analysis 
We performed statistical analysis using IBM SPSS Statistics 
version 22.0 (IBM Corp., Armonk, NY, USA), using parametric 
methods. The distribution of continuous outcomes was evalu-
ated using the Shapiro–Wilk test, while the Student’s t-test or 
Mann–Whitney U-test were employed when necessary. Mean±-
standard deviation or median (1st quartile–3rd quartile) was 
reported for parametric and non-parametric data, respectively. 
The categorical data was expressed as frequency and percentage 
and the chi-square test was conducted to compare categorical 
variables. If the number of cells with an expected frequency of 

less than 5 was over 20%, we used Fisher’s exact test. 

RESULTS 

In this study, 68 patients with TBI were recruited. These pa-
tients were classified into two groups according to the DSM-5 
criteria: the delirious group (n=38) and the non-delirious group 
(n=30). We found a statistically significant difference between 
the two groups in the TBI site and side (Table 1). Most TBI le-
sions in the frontal or temporal lobe revealed delirious features 
(p=0.038). Thirty-seven patients with delirious TBI had frontal 
or temporal lobe lesion, whereas 13 patients had non-delirious 
TBI lesions. In addition, all 36 delirious patients after TBI had 
brain injury on the right side (p=0.046). Six delirious patients 
had pure right-sided TBI, and 30 delirious patients had TBI on 
both sides. Meanwhile, in the non-delirious group, only two 
patients had right-sided TBI, 10 patients had it on left side, and 
18 patients had injury on both sides. There were no statistical 
differences in age, sex, education, trauma type, brain surgical 
procedure, CDR, MBI, MMSE, and MRC-sum score between 
the two groups (Table 1). 

The TBI volume in delirious group was expected to be 

Fig. 1. (A) Brain hemorrhage after trauma shown in computerized tomography. (B) Traumatic brain injury volume assessment with 
3D Slicer.

BA
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Table 1. Comparison between the characteristics of delirious group and non-delirious group after TBI

Delirious group (n=38) Non-delirious group (n=30) p-value

Age (yr) 65.84±10.98 66.82±13.48 0.688

Age group 0.516

 <65 yr 12 (31.6) 10 (33.3)

 ≥65 yr 26 (68.4) 20 (66.7)

Sex 0.063

 Male 29 (76.3) 17 (56.7)

 Female 9 (23.7) 13 (43.3)

Education (yr) 10.41±4.38 10.67±3.74 0.878

Trauma type 0.773

 Traffic accident 14 (36.8) 12 (40.0)

 Fall 17 (44.7) 12 (40.0)

 Unknown 7 (18.5) 6 (20.0)

Surgical procedure 0.383

 Brain surgery 24 (63.2) 17 (56.7)

 No brain surgery 14 (36.8) 13 (43.3)

TBI site 0.038*

Frontal lobe 20 (52.6) 7 (23.3)

Temporal 17 (44.7) 6 (20.0)

Parietal 3 (7.9) 8 (26.7)

Occipital 2 (5.3) 7 (23.3)

Others 4 (10.5) 2 (6.7)

TBI side 0.046*

 Right 6 (15.8) 2 (6.7)

 Left 2 (5.3) 10 (33.3)

 Both 30 (78.9) 18 (60.0)

TBI volume (mL) 495.90±220.62 400.81±210.98 0.382

Clinical Dementia Rating 2 (1–2) 1 (1–3) 0.421

MBI score 38.66±22.40 40.44±28.69 0.779

MMSE score 13.04±8.14 15.05±8.48 0.248

MRC-sum score 46.01±7.13 42.14±10.88 0.065

Values are presented as mean±standard deviation, number (%), or median (1st quartile–3rd quartile).
TBI, traumatic brain injury; MBI, Modified Barthel Index; MMSE, Mini Mental State Exam; MRC, Medical Research Council.
*p<0.05.

larger than that in non-delirious group. The TBI volume was 
495.90±220.62 mL in the delirious group and 400.81±210.98 
mL in the non-delirious group in brain computed tomography 
obtained within one day after trauma via 3D Slicer; the hemor-
rhage volume of the delirious group was larger by about 95 mL 
than that of the non-delirious group, but the relationship was 
not statistically significant (p=0.382; Table 1). 

As brain hemorrhage resolved, there were statistically signifi-
cant improvements in DRS-R-98 total, cognitive, and non-cog-
nitive scores in delirious patients with TBI (p=0.014, 0.008, and 
0.015, respectively; Table 2). Orientation, attention, and long-
term memory were enhanced in the cognitive domain in delir-
ious patients with TBI other than non-delirious patients with 

TBI from transfer until discharge, based on injury date (Table 2). 
The medications used for delirium in the delirious patients 

with TBI included quetiapine (n=29), trazodone (n=8), risper-
idone (n=7), paroxetine (n=6), triazolam (n=4), lorazepam 
(n=5), peridol (n=2), alprazolam (n=2), and benzatropine (n=2). 
The most commonly used drug was quetiapine, with an average 
daily dose of 25.34 mg, and the second most commonly used 
drug was trazodone, with an average daily dose of 15.13 mg. On 
average, these two drugs were used for 45 days. The use of these 
drugs might have affected the clinical course of delirium in pa-
tients with TBI. There were no adverse or side effects reported 
during the administration period of antipsychotics in these pa-
tients. 
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Table 2. Comparison between the initial and follow-up DRS-R-98 scores in the delirious group after traumatic brain injury

Delirious group (n=38)
p-value

Initial score Follow-up score ∆Score

DRS-R-98

 Total (n=38) 20.67±8.43 13.55±2.85 5.10 0.014*

 Cognitive 13.68±5.51 6.33±4.22 3.44 0.008*

 Non-cognitive 4.88±2.75 4.83±0.82 0.31 0.015*

Cognitive domain

 Orientation 2.13±0.74 1.23±0.84 1.03 0.014*

 Attention 2.51±0.78 1.60±0.76 1.04 0.010*

 Short-term memory 0 (0–0) 0 (0–0) 0.07 0.322

 Long-term memory 2.43±0.52 1.72±1.60 0.71 0.011*

 Visuospatial ability 2.10±1.39 1.83±1.02 0.68 0.482

Non-cognitive domain

 Sleep–wake cycle disturbance 2.35±1.14 0.98±0.68 0.14 0.009*

 Perceptual disturbances 0 (0–0) 0 (0–0) 0.11 0.284

 Delusions 1 (1–2) 0 (0–1) 1.01 0.118

 Lability of affect 1 (1–2) 0 (0–2) 0.73 0.192

 Thought process abnormalities 0 (0–0) 0 (0–0) 0.01 0.543

 Motor agitation 2 (1–3) 1 (1–2) 0.50 0.098

 Motor retardation 0.38±0.88 0.25±0.41 0.10 0.453

Values are presented as mean±standard deviation or median (1st quartile–3rd quartile).
DRS-R-98, Delirium Rating Scale-Revised-98.
*p<0.05.

DISCUSSION 

Understanding the pathophysiology of delirium in TBI is cru-
cial for improving patient outcomes and reducing the burden 
of TBI on individuals and society as a whole. We found that 
damage to the frontal or temporal lobe was frequently found in 
delirious patients with TBI. The frontal lobe and limbic system 
are closely linked structures that are involved in attention, emo-
tional regulation, and stress response. Limbic structures, such as 
the hippocampus, modulate attention and conscious awareness, 
which helps organisms maintain arousal [10,11]. The temporal 
lobe including hippocampus and parahippocampal gyrus have 
been implicated in awareness specifically with respect to oper-
ations supporting declarative memory [12]. Abnormalities in 
these areas can paint the clinical picture of a delirious patient: 
disturbance in attention and awareness with changed cognition 
or the development of perceptual disturbance [12,13]. The lo-
cation of the brain injury could have a significant prognostic 
value in predicting delirium. Indeed, the delirious patients with 
TBI in this study had damage in orientation and attention, 
which improved as delirium resolves, as shown in the results of 
DRS-R-98. 

Furthermore, delirious features were observed in patients 
with TBI, particularly in those with lesions in the right hemi-
sphere. Previous studies have analyzed the odds ratio of deliri-
um in patients with brain lesions, but these studies were mainly 
limited to patients with stroke rather than trauma. While there 
were more stroke patients who did not develop delirium among 
all stroke patients, patients with TBI had a higher rate of delir-
ium, with more than half of them developing delirium in other 
studies [14]. This study is noteworthy because it specifically 
focused on patients with TBI, where delirium is common. Ac-
cording to our study outcomes, the presence of delirium in TBI 
is not related to age, sex, education, trauma type, brain surgery, 
or size of brain injury, but rather to the location and side of the 
brain injury. These clinical characteristics, including TBI vol-
ume, have not offered a plausible explanation for delirium in 
patients with traumatic brain hemorrhage, whereas the site of 
hemorrhage may provide an attractive explanation. 

In TBI, focal hemorrhagic contusions have preference sights 
in the frontal and temporal lobes [15]. A study by van der Naalt 
et al. [16] suggests that twice as many lesions were seen in pa-
tients with restlessness and agitation, mainly localized in the 
frontotemporal region after head injury. These previous studies 
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investigated the delirious features of patients with TBI and the 
location of the TBI site, but they did not measure the TBI vol-
ume or differentiate the TBI side, unlike our study. Moreover, 
the delirious features were described using the Glasgow Coma 
Scale, which is a traditional tool to measure consciousness, 
rather than a screening tool for delirium. In contrast, our study 
examined the presence of delirium by using the DSM-5 criteria 
and evaluated the severity of delirium in patients with TBI in 
detail, using the DRS-R-98. 

The susceptibility of certain anatomical regions to stroke or 
of certain types of neurological deficits to delirium has been re-
ported in several studies and case reports. Previous studies have 
revealed that post-stroke delirium may correlate with issues 
in the right hemisphere, right frontal straight gyrus, or medial 
occipitotemporal lobe [14]. Specific brain structures involved 
in delirium are elucidated, like the prefrontal cortex, thalamus, 
and basal ganglia, especially in the non-dominant hemisphere 
[17]. Oldenbeuving et al. [18] suggested that post-stroke delir-
ium is more frequent in patients with right hemispheric stroke 
than in those with left. Our study concluded that right-hemi-
spheric TBI has a stronger association with delirium. Attention, 
the impairment of which is an important feature of delirium, is 
predominantly right hemisphere-dependent [19]. Identifying 
TBI lesion site and side could contribute to predicting a higher 
risk for delirium. 

Existing studies have addressed delirium by measuring the 
volume of the remaining brain volume or intracerebral hema-
toma (ICH) volume. The ABC/2 formula has been widely used 
for volume assessment of ICH; nonetheless, it cannot analyze 
other types of intracranial hemorrhages, such as epidural hem-
orrhage, subdural hemorrhage, and subarachnoid hemorrhage, 
which are linked to the possibility of delirium in TBI. Further-
more, the ABC/2 formula is crude for irregularly shaped hema-
tomas, and hematomas are often irregular rather than ellipsoid. 
Its accuracy decreases with large, irregular or lobar hematomas 
that are more likely to occur in traumatic conditions [7]. 

Accurate measurement of hemorrhage volume is a chief 
concern since hematoma volume alters treatment strategy, 
functional outcome, and mortality. In our study, various hem-
orrhage types and volumes were included and calculated using 
radiologic 3D Slicer, which is different from other studies. 

Other studies have reported no significant difference between 
hematoma volumes in ever-delirious and never-delirious pa-
tients [11,20]. A study reported that delirious patients had an 
ICH volume approximately twice that of non-delirious patients 

[21]. However, the above-mentioned studies merely dealt with 
ICH and did not consider other types of intracranial hemato-
mas. Our study suggests that the degree of hematoma volume, 
including all types of cerebral hemorrhage, is independent of 
delirious symptoms. 

If delirium is present, it is difficult to proceed with rehabilita-
tion treatment and TBI patients with delirium are often exclud-
ed from rehabilitation treatment. In this study, orientation, at-
tention, and long-term memory were enhanced in the cognitive 
domain in delirious patients with TBI other than non-delirious 
patients with TBI. All patients included in this study underwent 
rehabilitation treatment. In previous study, delirium and physi-
cal function are closely related, since disability, immobility and 
declined function are identified as risk factors of delirium [22]. 
In this study, the improvement in cognition of TBI patients with 
delirium could be the effect of active rehabilitation treatment. 
Therefore, it would be helpful to include TBI patients with de-
lirium in active rehabilitation to improve prognosis. 

Limitations 
We have several limitations in this study. First, our study results 
cannot be generalized to all patients with TBI because the study 
population was derived from a single ward that met the selec-
tion criteria. Second, there were variations in the risk factors 
for delirium such as alcohol use, comorbidities, hospital length 
of stay, that were not included. Therefore, further study with a 
larger sample size or a longer period of survey is recommended 
to understand the pathophysiology of PTD. Due to its retro-
spective manner, this study lacked various evaluation tools. 

In conclusion, patients with TBI developed delirium, most 
of whom had frontal or temporal lobe lesion and right-sided 
brain injury. Compared with non-delirious group, the delirious 
group after TBI had significantly different injury site and side 
without a difference in lesion size. The findings of this study 
have the potential to improve understanding of the pathophys-
iology of delirium in TBI. In this study, orientation, attention, 
and long-term memory were enhanced in the cognitive domain 
in delirious patients with TBI other than non-delirious patients 
with TBI. Therefore, it would be helpful to include patients with 
PTD in active rehabilitation to improve prognosis. 
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INTRODUCTION 

Pes planus (flatfoot) and pes cavus (high-arched foot) are types 
of foot deformity that may cause foot or ankle injury [1]. Pa-
tients with pes planus have a collapse of the medial longitudinal 
arch, foot abduction at the talonavicular joint, and hindfoot val-

Objective: To determine the diagnostic accuracy and reliability of the Harris imprint index 
(HII), Chippaux-Smirak index (CSI), and Staheli index (SI) compared with the talar-first meta-
tarsal angle. 
Methods: Data was reviewed from the medical record at the orthotic and prosthetic clinic, 
Thammasat University Hospital from January 1, 2016 to August 31, 2020. The three footprints 
were measured by the rehabilitation physician and the orthotist. The talar-first metatarsal 
angle was measured by the foot and ankle orthopaedist. 
Results: The data from 198 patients with 274 feet was analyzed. The diagnostic accuracy of 
the footprint triad showed that CSI was the most accurate in pes planus prediction, followed 
by HII and SI (area under the receiver operating characteristic curve [AUROC]=0.73, 0.68, 
0.68, respectively). In pes cavus, HII was the most accurate, followed by SI and CSI (AU-
ROC=0.71, 0.61, 0.60, respectively). For pes planus, the intra-observer reliability by Cohen’s 
Kappa was 0.92 for HII, 0.97 for CSI, and 0.93 for SI, the inter-observer reliability 0.82, 0.85, 
and 0.70, respectively. For pes cavus, the intra-observer reliability was 0.89 for HII, 0.95 for 
CSI, and 0.79 for SI, inter-observer reliability of 0.76, 0.77, and 0.66, respectively. 
Conclusion: The accuracy of HII, CSI, and SI was fair in screening of pes planus and pes ca-
vus. The intra- and inter-observer reliability were in the moderate to almost perfect range by 
Cohen’s Kappa. 
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gus. By contrast, patients with pes cavus have a midfoot cavus, 
prominence of lateral midfoot, forefoot adduction, and hindfoot 
varus. Patient symptoms include foot or ankle pain, foot or an-
kle deformity, gait instability, and frequent falling etc [2,3].  

Pes planus and pes cavus are usually diagnosed by physical ex-
amination, radiographic evaluation, and footprint measurement 
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by individual physicians. The physical examinations include 
a medial longitudinal arch height measurement, foot-ankle 
alignment especially forefoot abduction angle and heel angle 
measurements [1,4,5]. The radiographic evaluation includes 
measurements of lateral talar-first metatarsal angle, a talocalca-
neal angle, a calcaneal pitch, and a metatarsus adduction angle 
[4-6]. Among these, a lateral talar-first metatarsal angle defined 
by Meary, is the most widely used for pes planus and pes cavus 
evaluation using a weight-bearing lateral radiograph [7]. The 
talar-first metatarsal angle is highly sensitive and specific to 
describe the arch of the foot [4,8]. However, radiographic mea-
surement needs an experienced physician for interpretation. 

Footprint measurement can include the Harris imprint index 
(HII), Chippaux-Smirak index (CSI), Staheli index (SI), Clarke’s 
angle, footprint index, arch index, arch length index, and trun-
cated arch index. The HII, CSI, and SI measure a distance or 
calculate a distance ratio by using a simple measuring instru-
ment such as a vernier caliper [5,9-11]. 

In the orthotic and prosthetic clinic, rehabilitation depart-
ment, Thammasat University Hospital, the rehabilitation physi-
cian and the orthotist usually use physical examination and the 
footprint measurement to diagnose pes planus and pes cavus. 
The footprint measurements for HII, CSI, and SI are frequently 
performed in our clinic because of ease-of-use, rapidity, low 
cost and low tech in terms of instruments [12]. Furthermore, 
the footprint shows not only a foot shape but also reveals a 
high-pressure area of the foot that is useful in making a cus-
tomized foot orthosis. However, a foot shape determined from 
the footprint measurement sometimes dose not relate with the 
patient’s symptoms or radiographic evaluation. Therefore, this 
study aims to determine the diagnostic accuracy and reliability 
of the footprint measurements expressed as HII, CSI, and SI 
compared with the radiographic measurement of the talar-first 
metatarsal angle for screening the arch of the foot. 

METHODS 

This retrospective study was approved by the Human Research 
Ethics Committee of Thammasat University (Medicine) (ap-
proval number: MTU-EC-RM-2-205/63), on October 17, 
2020 and registered in the Thai Clinical Trials Registry (TCTR 
20220919003). 

Participants 
Patients were referred to the orthotic and prosthetic clinic, 

rehabilitation department, Thammasat University Hospital be-
tween January 1, 2016 and August 31, 2020. Data was collected 
from the medical record. Inclusion criteria were (1) age be-
tween 18–80 years and (2) the footprint measurement and the 
radiographic evaluation in lateral foot weight-bearing position 
were recorded. Patients with history of fracture and/or surgery 
in ankle and foot were excluded. 

Data from all patients who had undergone the footprint 
measurement and the radiographic evaluation in lateral foot 
weight-bearing position was recruited and dedicated to this 
study. 

Test methods 
The reference method used the talar-first metatarsal angle in 
lateral foot weight-bearing radiograph. This angle has been used 
to identify the foot deformity in patients with pes planus and 
pes cavus. The talar-first metatarsal angle is formed between a 
line drawn along the longitudinal axis of the talus and the first 
metatarsal bone (Fig. 1A). The arch of foot is classified as pes 
cavus when convex upward angle >4 degrees, a normal arched 
foot has convex upward to downward angle within 4 degrees, 
and pes planus has convex downward angle >4 degrees [7,13]. 
The talar-first metatarsal angle compared with symptoms of 
the patient shows sensitivity and specificity of 88% and 94% 
respectively in pes cavus, and 100% and 87% respectively in pes 
planus [14]. This angle has a good intra-observer reliability (in-
traclass correlation coefficient [ICC]=0.96) and inter-observer 
reliability (ICC=0.69) [8]. The talar-first metatarsal angle in ra-
diograph was measured at a single time using a goniometer by 
the one experienced foot and ankle orthopaedist who blinded 
for the clinical diagnosis. 

The footprints were performed by the Harris mat footprint 
method and documented in the medical record. The 3 index 
tests of HII, CSI, and SI were conducted with computer-assisted 
program. (1) The HII measured a distance from the origin of 
two perpendicular lines in centimeter. The y-axis is a midline 
foot axis from tip of 2nd toe to the midpoint of hindfoot and 
the x-axis is a perpendicular line drawn medially and laterally at 
the widest and narrowest point of the arch (Fig. 1B). HII score 
is based on distance from the origin of the x-axis where the lat-
eral side of arch is negative and medial side of arch is positive. 
HII score defined as pes cavus is (-4, -3, -2), normal arched foot 
is (-1, 0, +1), and pes planus is (+2, +3, +4) [5,9]. (2) The CSI is 
the ratio between the narrowest width of the midfoot (line b) 
to the widest width of the forefoot (line a) (CSI=b/ a×100;  Fig. 
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1C). CSI≤24% is classified as pes cavus, 25% to 45% as normal 
arched foot and ≥46% as pes planus [9]. (3) The SI is the ratio 
between the narrowest width of the midfoot (line b) to the 
widest width of the hindfoot (line c) (SI=b/c; Fig. 1C). SI≤0.4 is 
categorized as pes cavus, 0.5–0.7 normal arched foot and ≥0.8 
as pes planus [9,15]. All 3 index tests were measured two times 
with an interval of 2 weeks to determine the intra-observer reli-
ability by the rehabilitation physician. Furthermore, the ortho-
tist who blinded to the results of the other tests measured the 
index tests at one time to calculate the inter-observer reliability. 

Statistical methods 
Categorical data is presented as frequency and percentages. 
Continuous data is presented as mean, median, standard devia-
tion, and minimal-maximal values dependent on nature of data. 
The sensitivity, specificity, likelihood ratio of a positive test 
and a negative test (LR+, LR-), positive and negative predictive 
values (PPV, NPV), and the area under the receiver operating 
characteristic curve (AUROC) with 95% confidence interval 
(95% CI) of the index tests were calculated by 2×2 table. The in-
tra-observer and inter-observer reliability were determined by 
Cohen’s Kappa [16]. The data was analyzed via STATA version 
15.1 (Stata, College Station, TX, USA). 

RESULTS 

One hundred and ninety-eight patients with 274 feet were in-
cluded. The average age was 60.7±14.5 years. Female and male 
were 79.3% and 20.7% (Table 1). Foot type classified by radio-
graphic evaluation and footprint measurements were divided 

into pes planus, normal arched foot, and pes cavus (Fig. 2). 
The diagnostic accuracy of HII, CSI, and SI compared to 

talar-first metatarsal angle for pes planus diagnosis is shown in 
Table 2. The frequency of pes planus was 82.8%. Table 3 shows 
the diagnostic accuracy of HII, CSI, and SI compared to ta-
lar-first metatarsal angle for pes cavus diagnosis. The frequency 
of pes cavus was 4.7%. 

In pes planus, the intra-observer reliability of HII, CSI, and 
SI shown by Cohen’s Kappa were 0.92, 0.97, and 0.93, respec-
tively. In addition, the inter-observer reliability of HII, CSI, 
and SI were 0.82, 0.85, and 0.70, respectively. In pes cavus, the 
intra-observer reliability of HII, CSI, and SI shown by Cohen’s 
Kappa were 0.89, 0.95, and 0.79, respectively, and the inter-ob-
server reliability of HII, CSI, and SI were 0.76, 0.77, and 0.66, 
respectively (Table 4). 

DISCUSSION 

The diagnostic accuracy of the footprint showed that CSI was 
the most accurate in pes planus prediction, followed by HII 
and SI (AUROC=0.73, 0.68, 0.68, respectively). In pes cavus 
prediction, HII was the most accurate, followed by SI and CSI 

Fig. 1. Talar-first metatarsal angle (A), Harris imprint index (B), Chippaux-Smirak index (b/a×100), and Staheli index (b/c) (C).

Table 1. Demographic data of patients

Variable Value (n=198)

Age (yr) 60.7±14.5

Sex

 Female 157 (79.3)

 Male 41 (20.7)

Values are presented as mean±standard deviation or number (%).

A B C
Pes planus

Pes planus

Pes cavus

Pes planusPes cavus Pes cavus
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Fig. 2. Foot type classified by radiographic evaluation and footprint measurement (%).

Table 2. The diagnostic accuracy of HII, CSI, and SI for pes planus

Footprint AUROC 
(95% CI)

Sensitivity 
(95% CI)

Specificity 
(95% CI)

LR+ 
(95% CI)

LR- 
(95% CI)

PPV 
(95% CI)

NPV 
(95% CI)

HII 0.68 (0.64–0.71) 37.4% (31.1–44.1) 97.9% (88.7–99.9) 17.6 (2.5–123.2) 0.6 (0.6–0.7) 98.8% (93.7–100.0) 24.5% (18.5–31.3)

CSI 0.73 (0.69–0.77) 47.6% (40.9–54.3) 97.9% (88.7–99.9) 22.4 (3.2–156.2) 0.5 (0.5–0.6) 99.1% (95.0–100.0) 27.9% (21.2–35.4)

SI 0.68 (0.61–0.75) 61.7% (55.0–68.0) 74.5% (59.7–86.1) 2.4 (1.5–3.9) 0.5 (0.4–0.7) 92.1% (86.6–95.9) 28.7% (20.9–37.6)

At frequency 82.8%.
HII, Harris imprint index; CSI, Chippaux-Smirak index; SI, Staheli index; AUROC, area under the receiver operating characteristic curve; 95% CI, 95% 
confidence interval; LR+, likelihood ratio of a positive test; LR-, likelihood ratio of a negative test; PPV, positive predictive value; NPV, negative predictive 
value.

Table 3. The diagnostic accuracy of HII, CSI, and SI for pes cavus

Footprint AUROC 
(95% CI)

Sensitivity 
(95% CI)

Specificity 
(95% CI)

LR+ 
(95% CI)

LR- 
(95% CI)

PPV 
(95% CI)

NPV 
(95% CI)

HII 0.71 (0.57–0.85) 61.5% (31.6–86.1) 80.8% (75.5–85.4) 3.2 (1.9–5.3) 0.5 (0.2–0.9) 13.8% (6.1–25.4) 97.7% (94.7–99.2)

CSI 0.60 (0.48–0.72) 23.1% (5.0–53.8) 96.9% (94.1–98.7) 7.5 (2.3–25.1) 0.8 (0.6–1.1) 27.3% (6.0–61.0) 96.2% (93.1–98.2)

SI 0.61 (0.49–0.73) 23.1% (5.0–53.8) 98.1% (95.6–99.4) 12.1 (3.2–45.0) 0.8 (0.6–1.1) 37.5% (8.5–75.5) 96.2% (93.2–98.2)

At frequency 4.7%.
HII, Harris imprint index; CSI, Chippaux-Smirak index; SI, Staheli index; AUROC, area under the receiver operating characteristic curve; 95% CI, 95% 
confidence interval; LR+, likelihood ratio of a positive test; LR-, likelihood ratio of a negative test; PPV, positive predictive value; NPV, negative predictive 
value.

(AUROC=0.71, 0.61, 0.60, respectively). For pes planus, the 
intra-observer reliability was almost perfect by Cohen’s Kappa 
(HII=0.92, CSI=0.97, SI=0.93) and the inter-observer reliability 
was moderate to strong (HII=0.82, CSI=0.85, SI=0.70). For pes 
cavus, the intra-observer reliability was moderate to almost 
perfect (HII=0.89, CSI=0.95, SI=0.79) and the inter-observer 

reliability was moderate (HII=0.76, CSI=0.77, SI=0.66). 
The diagnostic accuracy of HII shows an overall useful test 

by AUROC (0.68 in pes planus and 0.71 in pes cavus). HII 
displayed low sensitivity but high specificity in diagnosis of 
both pes planus and pes cavus. Previous research showed HII 
has a medium correlation with the talar-first metatarsal angle 

Pes planus

Pe
rc

en
t 

31.39

12.41

47.45

56.20

41.61

21.17

4.74 4.01 2.92

39.78

55.47

82.85

Normal arched foot

■ Film ■ Harris imprint index ■ Chippaux-Smirak index ■ Staheli index

Pes cavus
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(r=0.485) and heel valgus (r=0.462) in pes planus [5]. The vul-
nerabilities that might affect the diagnostic accuracy of HII are, 
firstly, a y-axis is usually drawn from tip of 2nd toe to the mid-
point of hind foot. If a patient had varus or valgus of 2nd toe, it 
might change the position of the y-axis. Then the HII distance 
from the center to the narrowest or widest of arch is changed. 
Secondly, forefoot deformity hallux valgus with 2nd toe over-
riding, or claw toe might cause a 2nd toe float which would 
not be imprinted on the Harris mat. Therefore, a tip of 2nd toe 
could not be exactly aligned as y-axis of HII. The HII revealed 
(1) almost perfect intra-observer reliability and strong inter-ob-
server reliability in pes planus, and (2) strong intra-observer 
reliability and moderate inter-observer reliability in pes cavus. 
The rehabilitation physician and the orthotist returned differing 
measurements of the hollowed arch, and that may be the reason 
for moderate inter-observer reliability. 

The diagnostic accuracy of CSI showed an overall useful test 
by AUROC (0.73 in pes planus and 0.60 in pes cavus). The 
CSI displayed low sensitivity but high specificity in diagnosis 
both pes planus and pes cavus. Previous research found CSI 
compared with pes planus symptoms showed high sensitivity 
(94.2%) but low specificity (56.1%) [6], confirming that correla-
tion between CSI and pes planus condition was high (r=-0.663) 
[4]. In addition, CSI was influenced by obesity and calcaneal 
alignment [17,18]. CSI measures the ratio of the narrowest 
width of the midfoot to the widest width of the forefoot. The 
prominence of lateral midfoot in pes cavus may increase the 
narrowest width of the midfoot distance to the point that CSI 
might not be in a pes cavus range [2]. This CSI revealed (1) al-
most perfect intra-observer reliability and strong inter-observer 
reliability in pes planus, and (2) almost perfect intra-observer 
reliability and moderate inter-observer reliability in pes cavus. 
Previous work in pes planus revealed excellent intra-observer 

and inter-observer reliability by ICC (>0.9) [19,20]. Measure-
ment of the narrowest width of the midfoot point returned un-
equal distances between rehabilitation physician and orthotist 
which may possibly have caused moderate inter-observer reli-
ability. 

The diagnostic accuracy of SI shows an overall useful test by 
AUROC (0.68 in pes planus and 0.61 in pes cavus). The sensi-
tivity (61.7%) and specificity (74.5%) of SI for pes planus (cut 
point≥0.8) are close to that of Plumarom et al. [21] (sensitivi-
ty=70.2%, specificity=73%, cut point≥0.77). Nevertheless, the 
work of Pita-Fernández et al. [6] showed high sensitivity (81.8%) 
but low specificity (58.7%) in relation to pes planus symptom, 
probably because the correlation between SI and pes planus 
symptom was high (r=-0.662) [4]. Overweightness and exces-
sive foot soft tissue may likely cause a false positive pes planus 
symptom [21]. In contrast, this study shows SI in pes cavus to 
have low sensitivity but high specificity. SI measures the ratio 
of the narrowest width of the midfoot to the widest width of 
the hindfoot. The prominence of lateral midfoot in pes cavus 
may increase the narrowest width of the midfoot distance to the 
point that SI might not be in pes cavus range in a similar way 
to CSI [2]. This SI reveals (1) almost perfect intra-observer reli-
ability and moderate inter-observer reliability in pes planus, and 
(2) moderate intra-observer reliability and inter-observer reli-
ability in pes cavus. The previous studies in pes planus revealed 
excellent intra-observer and inter-observer reliability (ICC>0.9) 
[19,20]. The rehabilitation physician and orthotist returned 
unequal measurements of the narrowest width of the midfoot 
which may possibly have caused moderate inter-observer reli-
ability. 

There are several limitations to this study. First, this study was 
a retrospective study in which the prevalence of pes planus and 
pes cavus were unequal. Second, some patients were excluded 
because the footprint or radiographic evaluation were not done. 
Future studies will be designed in a prospective study and will 
attempt to recruit every patient passing through the clinic.  

In conclusion, the accuracy of the HII, CSI, and SI was fair in 
screening of pes planus and pes cavus. The intra- and inter-ob-
server reliability of the three footprints were in the moderate to 
almost perfect range by Cohen’s Kappa. 
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Table 4. Intra-observer reliability and inter-observer reliability

Cohen’s Kappa Intra-observer 
reliability

Inter-observer 
reliability

Pes planus

 HII 0.92 0.82

 CSI 0.97 0.85

 SI 0.93 0.70

Pes cavus

 HII 0.89 0.76

 CSI 0.95 0.77

 SI 0.79 0.66

HII, Harris imprint index; CSI, Chippaux-Smirak index; SI, Staheli index.
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pendix 3 section.

Before correction:
Kyunghyun Lee, et al.

88 www.e-arm.org

Appendix 3. Korean version of the Duchenne muscular dystrophy Functional Ability Self-Assessment Tool

뒤셴 근이영양증 자가 기능 검사 

아래는 팔 기능, 보행 및 자세 변환의 기능 수준과 폐 기능을 파악하는 설문입니다. 활동은 쉬운 동작에서 어려운 동작 순으로 나열
되어 있으니 본인의 현재 상태에 가장 적합한 선택지를 표기해 주십시오.

팔 기능 선택지 중 1개 선택

책 등을 어깨 높이 위에 있는 선반 등에 놓을 수 있음
한 팔 이상을 머리 위까지 들 수 있음

●
●

한 팔 이상을 어깨 높이까지 들 수 있음
도움 없이 음식을 먹을 수 있음

●
●

음식을 자르는 데는 도움이 필요하나 스스로 먹고 마실 수 있음
먹고 마시는 데 도움이 필요함

●
●

물건을 집어 올릴 수 있음(예, 펜이나 돈)
손가락을 움직일 수 있음(예, 휴대폰이나 다른 전자기기 다루기)

●
●

손가락을 움직일 수 없음 ●

보행 선택지 중 1개 선택

야외에서 먼 거리 스스로 걷기(1 km 이상)
야외에서 중간 거리 스스로 걷기(1 km 미만)

●
●

야외에서 승차 등을 비롯한 짧은 거리를 스스로 걸을 수 있음(예, 차까지)
야외에서 다른 사람의 도움을 받아 걸을 수 있음

●
●

실내에서는 스스로 걸을 수 있으나 야외에서는 휠체어가 필요함
실내에서는 다른 사람의 도움을 받아 걸을 수 있으며 야외에서는 휠체어가 필요함 

●
●

실내와 야외에서 휠체어를 사용함
휠체어를 사용하지만 추운 날씨를 비롯한 특정 상황에서는 제한적임

●
●

도움 없이는 휠체어를 제어할 수 없음 ●

이동 스스로 할 수 있음 도움이 필요함 견인이 필요하거나 불가능함

바닥에서 일어나기/바닥에 앉기 ● ● ●

의자에서 일어나기/의자에 앉기 ● ● ●

침대 오르내리기 ● ● ●

변기에서 일어나기/변기에 앉기 ● ● ●

계단 오르내리기 ● ● ●

호흡 보조 호흡 보조 장치를 사용하지 않음 밤에 호흡 보조 장치를 사용함 낮과 밤 모두 호흡 보조 장치를 사용함 

호흡 상태 ● ● ●

https://doi.org/10.5535/arm.23013.e


Ann Rehabil Med 2023;47(3):228-229

229www.e-arm.org

The original article has been modified also.
We sincerely apologize for any confusions that we may have caused.

The Appendix 3 should be corrected as follows:
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Appendix 3. Korean version of the Duchenne muscular dystrophy Functional Ability Self-Assessment Tool

뒤셴 근이영양증 자가 기능 검사 

아래는 팔 기능, 보행 및 자세 변환의 기능 수준과 폐 기능을 파악하는 설문입니다. 활동은 쉬운 동작에서 어려운 동작 순으로 나열
되어 있으니 본인의 현재 상태에 가장 적합한 선택지를 표기해 주십시오.

팔 기능 선택지 중 1개 선택

책 등을 어깨 높이 위에 있는 선반 등에 놓을 수 있음
한 팔 이상을 머리 위까지 들 수 있음

●
●

한 팔 이상을 어깨 높이까지 들 수 있음
도움 없이 음식을 먹을 수 있음

●
●

음식을 자르는 데는 도움이 필요하나 스스로 먹고 마실 수 있음
먹고 마시는 데 도움이 필요함

●
●

물건을 집어 올릴 수 있음(예, 펜이나 돈)
손가락을 움직일 수 있음(예, 휴대폰이나 다른 전자기기 다루기)

●
●

손가락을 움직일 수 없음 ●

보행 선택지 중 1개 선택

야외에서 먼 거리 스스로 걷기(1 km 이상)
야외에서 중간 거리 스스로 걷기(1 km 미만)

●
●

야외에서 승차 등을 비롯한 짧은 거리를 스스로 걸을 수 있음(예, 차까지)
야외에서 다른 사람의 도움을 받아 걸을 수 있음

●
●

실내에서는 스스로 걸을 수 있으나 야외에서는 휠체어가 필요함
실내에서는 다른 사람의 도움을 받아 걸을 수 있으며 야외에서는 휠체어가 필요함 

●
●

실내와 야외에서 휠체어를 사용함
휠체어를 사용하지만 추운 날씨를 비롯한 특정 상황에서는 제한적임

●
●

도움 없이는 휠체어를 제어할 수 없음 ●

이동 스스로 할 수 있음 도움이 필요함 견인이 필요하거나 불가능함

바닥에서 일어나기/바닥에 앉기 ● ● ●

의자에서 일어나기/의자에 앉기 ● ● ●

침대 오르내리기 ● ● ●

변기에서 일어나기/변기에 앉기 ● ● ●

계단 오르내리기 ● ● ●

호흡 보조 호흡 보조 장치를 사용하지 않음 밤에 호흡 보조 장치를 사용함 낮과 밤 모두 호흡 보조 장치를 사용함 

호흡 상태 ● ● ●

아래는 팔 기능, 보행 및 자세 변환의 기능 수준과 폐 기능을 파악하는 설문입니다. 활동은 어려운 동작에서 쉬운 동작 순으로 나열 
되어 있으니 본인의 현재 상태에 가장 적합한 선택지를 표기해 주십시오.



Instructions for authors

1. AIMS & SCOPE

Annals of Rehabilitation Medicine (ARM) is the official journal of 
the Korean Academy of Rehabilitation Medicine. It is an interna-
tional, peer-reviewed open access journal, which aims to be a 
global leader in sharing up-to-date knowledge dedicated to the 
advancement of care and enhancing the function and quality of 
life of persons with various disabilities and chronic illnesses. As 
the official journal of one of the largest societies of rehabilitation 
medicine in Asia and Oceania, nearly 8,000 physiatrists receive 
this journal every two months as a member benefit. This journal 
is endorsed by the International Society of Physical and Rehabili-
tation Medicine (ISPRM) and the Asia-Oceanian Society of Phys-
ical and Rehabilitation Medicine (AOSPRM). International mem-
bers comprise approximately half the editorial board and conduct 
peer-review of submitted manuscripts.

The journal encompasses all aspects of physical medicine and 
rehabilitation, including clinical practice, experimental and ap-
plied research, and education. Research areas covered by this 
journal include rehabilitation of brain disorders and spinal cord 
injury; electrodiagnosis; musculoskeletal disorders and pain; pe-
diatric, geriatric, cardiopulmonary, sports, cancer, cognitive, and 
robotic rehabilitation; neuromodulation; neuroimaging; orthotics 
and prosthetics; physical modalities; clinical trials; quality of life 
issues; and basic research, as well as other emerging fields in reha-
bilitation medicine.

2. COPYRIGHTS AND CREATIVE COMMONS 
ATTRIBUTION LICENSE

The Korean Academy of Rehabilitation Medicine is the owner of 
all copyright to papers published in ARM, and has the right to 
publish, reproduce, distribute, and print the contents in other 
types of media. Authors of accepted papers must complete the 
Copyright Transfer Form. A letter of permission is required for 
any and all material that has been published previously. It is the 
responsibility of the author to request permission from the pub-
lisher for any material that is being reproduced. This requirement 
applies to text, illustrations, and tables. This is identical to the 

Creative Commons (Attribution-Noncommercial) license avail-
able at http://creativecommons.org/.

3. GENERAL GUIDELINES

The manuscript guidelines for ARM are based on the “Recom-
mendations for the Conduct, Reporting, Editing, and Publication 
of Scholarly work in Medical Journals” published by the Interna-
tional Committee of Medical Journal Editors (http://www.icmje.
org), and instructions which are not mentioned in the present 
guidelines are referred to the guidelines stated in the Recommen-
dations. There are no fees payable to submit in this journal.

1) CATEGORIES OF MANUSCRIPTS
Manuscripts include original articles, review articles, brief reports, 
case reports, images in this issue, and letters to the editor.

(1) Original articles
This form of publication represents original research articles re-

porting the results of basic and clinical investigations that are suf-
ficiently well documented to be acceptable to critical readers.

(2) Review articles
Invited review articles provide a comprehensive review of a 

subject of importance to clinicians and researchers and are com-
missioned by the editorial board to an invited expert in the field.

(3) Brief reports
These manuscripts are short but important reports to provide 

preliminary communications with less complete data sets than 
would be appropriate for original contributions that present novel 
and impactful clinical and basic research of a more preliminary 
nature.

(4) Case reports
Case reports are considered for publication when at least one of 

the following criteria is met: (a) a rare condition is reported, (b) 
atypical symptoms and signs are observed, (c) new diagnostic or 
therapeutic methods are introduced, (d) atypical clinical and lab-
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oratory findings for populations residing in Asia and the Pacific 
Rim. Descriptions of clinical cases (individual or a series) should 
be unique, should deal with clinical cases of exceptional interest 
or innovation and should preferably be a first-time report.

(5) Images in this issue
This form of publication represents images (e.g., radiographs, 

CT, MRI, electrodiagnostic tracings, pathology, physical examina-
tion findings, photos of a patient or medical device) that are inter-
esting and unique and have relevance to the field of brain or spi-
nal cord and musculoskeletal system.

(6) Letters to the editor
Critical comments are welcomed for providing alternative in-

terpretations or views about articles published in ARM. Letters 
should be directly related to the published article on which it 
comments. Letters being considered for publication ordinarily 
will be sent to the authors, who will be given the opportunity to 
reply. Letters will be published at the discretion of the editors and 
are subject to abridgement and editing for style and content.

2) LANGUAGE OF MANUSCRIPT
All manuscripts must be written in clearly under-standable En-
glish. Authors whose first language is not English are requested to 
have their manuscripts checked for grammatical and linguistic 
correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided. Use of abbrevia-
tions should be minimized and restricted to those that are gener-
ally recognized. When using an abbreviated word, it should be 
spelled out in full on first usage in the manuscript followed by the 
abbreviation in parentheses. Numbers should be written in Arabic 
numerals, but must be spelled out when placed in the beginning 
of a sentence. Measurements should be reported using the metric 
system, and hematologic and biochemical markers should be re-
ported in International System (SI) of Units. All units must be 
preceded by one space except percentage (%), temperature (°C), 
and degree (°).

4. RESEARCH AND PUBLICATION ETHICS

All manuscripts should be written with strict adherence to the 
“Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals” (http://www.
icmje.org/recommendations/, updated December 2019) and the 
“Good Publication Practice Guidelines for Medical Journals, 3rd” 
(https://www.kamje.or.kr/board/view?b_name = bo_publica-
tion&bo_id = 13&per_page = ). For all studies involving human 

subjects, the principles embodied in the Declaration of Helsinki 
(https://www.wma.net/policies-post/wma-declaration-of-helsin-
ki-ethical-principles-for-medical-research-involving-human-sub-
jects/) should be upheld, informed consent must be obtained 
from all participants, and must be approved by a recognized Insti-
tutional Review Board (IRB) or research ethics committee. The 
editor may request submission of copies of informed consents 
from human subjects in clinical studies or IRB approval docu-
ments. Experiments involving animals should comply with the 
NIH guidelines for the use of laboratory animals (https://www.
nlm.nih.gov/services/research_report_guide.html) and/or be re-
viewed by an appropriate committee (e.g., Institutional Animal 
Care and Use Committee, IACUC) to ensure the ethical treatment 
of animals in research. ARM will follow the guidelines by the 
Committee on Publication Ethics (COPE, http://publicationeth-
ics.org/) for settlement of any misconduct.

1) ORIGINALITY AND DUPLICATE PUBLICATION
All submitted manuscripts should be original and should not be 
considered by other scientific journals for publication at the same 
time. No part of the accepted manuscript should be duplicated in 
any other scientific journal without the permission of the editorial 
board. If duplicate publication related to the papers of this journal 
is detected, the manuscripts may be rejected, the authors will be 
announced in the journal, and their institutes will be informed. 
There will also be penalties for the authors.

2) AUTHORSHIP
ARM follows the “Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical Journals” 
(http://www.icmje.org/recommendations/, updated December 
2019) and the “Good Publication Practice Guidelines for Medical 
Journals, 3rd” (https://www.kamje.or.kr/board/view?b_name = -
bo_publication&bo_id= 13&per_page= ). Authorship is credited 
to those who have direct involvement in the study and have made 
significant contributions to (a) substantial contributions to the 
conception or design of the work; or the acquisition, analysis, or 
interpretation of data for the work; AND (b) drafting the work or 
revising it critically for important intellectual content; AND (c) fi-
nal approval of the version to be published; AND (d) agreement 
to be accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved as recommended by 
ICMJE. The primary investigator is designated the first author of 
the study, unless contested by the other authors. The correspond-
ing author is directly responsible for communication and revision 
of the submitted manuscript. All persons who have made substan-
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tial contribution, but who are not eligible as authors should be 
named in the acknowledgments. In the case of change of author-
ship, a written explanation must be submitted. Change in either 
the first author or the corresponding author requires approval by 
the editorial board, and any changes in the other authors require 
approval by the editor-in-chief.

3) CONFLICT OF INTEREST
The corresponding author of an article is asked to inform the edi-
tor of the authors’ potential conflicts of interest possibly influenc-
ing their interpretation of data. A potential conflict of interest 
must be disclosed during the online submission process on the 
appropriate web page. Such conflicts may be financial support or 
private connections to pharmaceutical companies, political pres-
sure from interest groups, or academic problems based on the 
“ICMJE Uniform Disclosure Form for Potential Conflicts of In-
terest” (http://www.icmje.org/coi_disclosure.pdf). The editor will 
decide whether the information on the conflict should be includ-
ed in the published paper. Before publishing such information, 
the editor will consult with the corresponding author. In particu-
lar, all sources of funding for a study should be explicitly stated.

4) REGISTRATION OF CLINICAL TRIAL
Clinical trial defined as “any research project that prospectively 
assigns human subjects to intervention and comparison groups to 
study the cause-and-effect relationship between a medical inter-
vention and a health outcome” is recommended to be registered 
to the primary registry to be prior publication. ARM accepts the 
registration in any of the primary registries that participate in the 
WHO International Clinical Trials Portal (http://www.who.int/ic-
trp/en/), NIH ClinicalTrials.gov (http://www.clinicaltrials.gov/), 
ISRCTN Resister (www.isrctn.org), University Hospital Medical 
Information Network (www.umin.ac.jp/ctr/index/htm), Nether-
lands Trial Register (http://www.trialregister.nl/trialreg/index.asp) 
or The Clinical Research Information Service (http://cris.nih.
go.kr/). The clinical trial registration number will be published at 
the end of the abstract.

5) PROCESS FOR MANAGING RESEARCH AND PUBLI-
CATION MISCONDUCT
When the journal faces suspected cases of research and publica-
tion misconduct such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, an 
undisclosed conflict of interest, ethical problems with a submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, complaints against editors, and so on, the resolution process 
will follow the flowchart provided by the Committee on Publica-

tion Ethics (http://publicationethics.org/resources/flowcharts). 
The discussion and decision on the suspected cases are carried 
out by the Editorial Board.

6) PROCESS FOR HANDLING CASES REQUIRING COR-
RECTIONS, RETRACTIONS, AND EDITORIAL EXPRES-
SIONS OF CONCERN

Cases that require editorial expressions of concern or retraction 
shall follow the COPE flowcharts available from: http://publica-
tionethics.org/resources/flowcharts. If correction needs, it will 
follow the ICMJE Recommendation for Corrections, Retractions, 
Republications and Version Control available from: http://www.
icmje.org/recommendations/browse/publishing-and-editorial-is-
sues/corrections-and-version-control.html as follows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections 
are needed for errors of fact. Minimum standards are as follows: 
First, it shall publish a correction notice as soon as possible detail-
ing changes from and citing the original publication on both an 
electronic and numbered print page that is included in an elec-
tronic or a print Table of Contents to ensure proper indexing; Sec-
ond, it shall post a new article version with details of the changes 
from the original version and the date(s) on which the changes 
were made through CrossMark; Third, it shall archive all prior 
versions of the article. This archive can be either directly accessi-
ble to readers; and Fourth, previous electronic versions shall 
prominently note that there are more recent versions of the article 
via CrossMark.

5. MANUSCRIPT SUBMISSION

All submissions are made online at the journal’s online manu-
script submission site (http://www.e-arm.org/submission) by the 
corresponding author. Submitted manuscripts are initially exam-
ined for format, and then appointed a submission number. For 
nonbiased peer review, authors’ names and institutional affilia-
tions should not be mentioned in the text. The revised manuscript 
should be submitted through the same web system under the 
same identification numbers. The date of final review for the 
manuscript will be the date of acceptance for publication. If you 
have any questions about the online submission process, contact 
the Editorial Office by e-mail at edit@e-arm.org.

1) COPYRIGHT TRANSFER
All submitted manuscripts must be accompanied by the official 
Submission Application & Copyright Transfer Form of the Kore-
an Academy of Rehabilitation Medicine. The form must contain 
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the title of the manuscript, date of submission, names of all au-
thors, authors’ affiliations, and written signatures. Note the corre-
sponding author and provide his/her affiliation, e-mail, telephone 
and fax numbers, and mailing address.

2) ARTICLE PROCESSING CHARGES
Annals of Rehabilitation Medicine is an open access journal. To 
publish in Annals of Rehabilitation Medicine, authors are asked to 
pay an article processing charge (APC) on acceptance of their re-
search paper. The APC for all published papers is as follows, plus 
VAT or local taxes where applicable. The currency KRW will be 
applied to the submissions from South Korea.
• Original article/ Unsolicited review article: 400 USD or 400,000 

KRW
• Solicited article: Free
• Case report: 200 USD or 200,000 KRW
• Image in this issue: 170 USD or 170,000 KRW / (color print) 200 

USD or 200,000 KRW
• Correspondence / erratum: 100 USD or 100,000 KRW
• Color figure print: 200 USD or 200,000 KRW per figure
• Off-print: 25 (150 USD or 150,000 KRW); 50 (200 USD or 

200,000 KRW); 100 (230 USD or 230,000 KRW)

6. PEER REVIEW PROCESS

1) DESK REJECT POLICY
Conformity of the submitted manuscript to the submission in-
structions is examined upon submission. The Editorial Board 
may reject the manuscript or request the author to resubmit in the 
following cases: 1) Topic clearly out of scope / insufficient percep-
tual content 2) Work clearly does not meet sufficient standards of 
novelty or quality 3) Manuscript incomplete or incorrectly for-
matted 4) Suspected plagiarism in the manuscript.

2) PEER REVIEW PROCESS
Submitted manuscripts will be reviewed by two or more peer re-
viewers selected from the board’s database of expert reviewers. In 
addition, if deemed necessary, a review of statistics may be re-
quested. Following review, the editorial board will decide whether 
the manuscript will be 1) accepted for publication, 2) subject to 
minor revision, 3) subject to major revision, or 4) denied publica-
tion. For manuscripts which are either subject to minor revision 
or subject to major revision, the corresponding author must re-
submit the revised manuscript online. The revised manuscript 
should have the changes highlighted by using the Track Changes 
tool in Microsoft Office Word. In addition, the corresponding au-
thor must reply to both reviewers’ comments point by point, and 

explain in detail what changes were made in the manuscript. 
When considered necessary, the editorial board may make chang-
es to the structure and phrases of the manuscript without com-
promising the integrity of the original paper. After completion of 
the peer review process, the editorial board will determine accep-
tance for publication and notify the corresponding author by 
e-mail. Manuscripts which do not comply with the present guide-
lines will be notified for correction or withheld from publication.

When a manuscript is not resubmitted within 2 months of no-
tification, it will be considered that the authors have withdrawn 
the manuscript from submission. Manuscripts accepted for publi-
cation are generally published in order of submission, depending 
on the category of the manuscript and the date of acceptance for 
publication.

7. PREPARATION OF THE MANUSCRIPT

Use Microsoft Office Word (versions after 2003) and ensure cor-
rect spelling and grammar. Setup the MS Word document for 
1-inch margins on letter or A4-sized paper. The manuscript must 
be written in 12-point font and the sentences must be dou-
ble-spaced, including tables and figure legends. Each page should 
be numbered in the middle of the lower margin, and all sentences 
must be numbered sequentially throughout the entirety of the 
manuscript, starting with the title page. All papers must be ac-
companied by a title page. The title page should contain the title 
of the manuscript, the authors’ names, academic degrees, respec-
tive affiliations, and ORCID. The corresponding author must be 
identified, and his or her contact information (postal address, 
e-mail, telephone and fax numbers) should be listed. The title 
should clearly describe the objective of the study and contain less 
than 20 words. All the words in the title should be in capital letters 
except for prepositions, articles, and conjunctions. Provide a short 
running title containing less than 10 words.

1) ORIGINAL ARTICLES
Original papers should be structured in the following order: Ab-
stract, Introduction, Methods, Results, Discussion, Acknowledg-
ments (when applicable), References, Tables, Figure legends, and 
Figures. Maximum word count is limited to 5,000 words.

(1) Abstract
A structured abstract with the headings of Objective, Methods, 

Results, and Conclusion must succinctly describe the paper in 250 
words or less. Use complete sentences and do not number the re-
sults. At the end of the abstract, list up to 5 relevant keywords 
which are in accordance to the Medical Subject Headings (MeSH) 
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in the Index Medicus (http://www.nlm.nih.gov/mesh).

(2) Introduction
Clearly present the objective of the study and its relationship to 

earlier work in the field. A brief background to inform the readers 
of the relevance of the study may be necessary. However, avoid 
extensive review of the literature.

(3) Methods
Describe the participants or research materials of the study, and 

explain in detail the inclusion and exclusion criteria for both the 
experimental and control groups. Describe the experimental 
methods in a logical and systematic manner so that they can be 
reproducible by another investigator. Experimental drugs should 
be stated in the generic name. When proprietary brands are used, 
include the brand name and the name of the manufacturer in pa-
rentheses after the first mention of the generic name. When using 
experimental devices or other products, state the brand name 
then follow with the name of the manufacturer, city (state), and 
country in parentheses, e.g., Flow Cytometer (Coulter Electronic 
Inc., New York, NY, USA). To ensure anonymity during the peer 
review process, the authors’ affiliations or institutional setting of 
the study should not be revealed. Statistical analysis and criteria 
for determining significance should be described in enough detail 
to allow the knowledgeable reader with access to the original data 
to verify the reported results.

Ensure correct use of the terms sex (when reporting biological 
factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex and/or gender of study 
participants, the sex of animals or cells, and describe the methods 
used to determine sex and gender. If the study was done involving 
an exclusive population, for example in only one sex, authors 
should justify why, except in obvious cases (e.g., prostate cancer). 
Authors should define how they determined race or ethnicity and 
justify their relevance.

(4) Results
Summarize and describe logically the significant findings and 
trends observed in the results using text, figures and tables. Avoid 
extensive repetition of contents of the tables and figures in the text.

In statistical expression, mean and standard deviation should 
be described as mean ± SD, and mean and standard error as 
mean± SE. In general, p-values larger than 0.01 should be report-
ed to two decimal places, those between 0.01 and 0.001 to three 
decimal places; p-values smaller than 0.001 should be reported as 
p< 0.001.

(5) Discussion
Interpret the results in respect to the objective of the study, and 

describe differences with previous studies and significant findings 
which lead to the deduction of the conclusion. Refrain from ex-
cessive review of historic studies, textbook facts, or irrelevant ref-
erences. Accentuate newly obtained observations from the study, 
and include significant limitations of the study.

(6) Acknowledgments
Persons who have made contributions to the study, but who are 

not eligible for authorship can be named in this section. Their 
contribution must be specified, such as data collection, financial 
support, statistical analysis, or experimentation. The correspond-
ing author must inform the named contributor of the acknowl-
edgment, and acquire consent before manuscript submission.

(7) References
- Cite only references which are quoted in the text. Limit the 

number of references 40.
- When quoting a reference in the text, refrain from stating the 

author’s name, and identify references with Arabic numerals 
in brackets such as [1], [2-4], and [5,7,9].

- The references should be listed in order of citation in the text.
- List all authors when there are 6 or fewer; when there are 7 or 

more, list the first 6, followed by “et al.”
- Journal names should be abbreviated according to the format 

listed in the Index Medicus. If the journal is not listed in the 
Index Medicus, refer to the list of title word abbreviations by 
the ISSN network (http://www.issn.org/2-22660-LTWA.php).

- For more on references, refer to the NLM Style Guide for Au-
thors, Editors, and Publishers (http://www.nlm.nih.gov/cit-
ingmedicine).

Journals
1. Jeon JH, Jung YJ, Lee JY, Choi JS, Mun JH, Park WY, et al. The 

effect of extracorporeal shock wave therapy on myofascial pain 
syndrome. Ann Rehabil Med 2012;36:665-74.

2. Geraud G, Spierings EL, Keywood C. Tolerability and safety of 
frovatriptan with short- and long-term use for treatment of mi-
graine and in comparison with sumatripan. Headache 2002;42 
Suppl:S93-9.

Book & Chapter of book
3. Frontera W, Silver JK, Rizzo TD. Essentials of physical medicine 

and rehabilitation. 2nd ed. Philadelphia: Saunders; 2008. p. 579-
82.

4. Esquenazi A. Upper limb amputee rehabilitation and prosthetic 
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restoration. In: Braddon RL, editor. Physical medicine and re-
habilitation. 2nd ed. Philadelphia: Saunders; 2000. p. 263-78.

Proceedings of academic conference
5. Harnden P, Joffe JK, Jones WG. Germ cell tumours V. Proceed-

ings of the 5th Germ Cell Tumour Conference; 2001 Sep 13-15; 
Leeds, UK. New York: Springer; 2002.

Thesis (Dissertation)
6. Borkowski MM. Infant sleep and feeding: a telephone survey of 

Hispanic Americans [dissertation]. Mount Pleasant, MI: Cen-
tral Michigan University; 2002.

(8) Tables
Tables should be submitted separately from the text, and each 

table should be created in MS Word on separate pages, using dou-
ble space throughout. They should be simple, self-explanatory, 
and not redundant with the text or the figures. Limit 5 tables per 
manuscript. The title of the tables should be written in phrases, 
and capitalized the first letter of the first word. The title should be 
placed above the table, and abbreviations and footnotes should be 
placed under the table. Number the tables in order of appearance 
in the text (e.g., Table 1, Table 2). All abbreviations used in the ta-
ble must be spelled-out in full under the table in the following or-
der: abbreviation, comma, full word (e.g., RM, rehabilitation 
medicine;). Table footnotes should be indicated in superscripts in 
the following order: a), b), c)… but p-values should be indicated by 
asterisk (e.g., *p< 0.05, **p< 0.01. ***p< 0.001).

(9) Figure legends
Legends should be submitted separately from the text, and each 

legend should be typed on separate pages. They should be written 
in full sentences to describe the content of the figure, and only the 
first letter of the legend should be capitalized. For lengthy legends 
continuing beyond one line, the left margin of the following lines 
should start at the same point as the first line. Any symbols, marks 
or abbreviations made in the figure must be explained in the leg-
end. Figures containing histologic slides should be accompanied 
by legends explaining tissue origin, stain method, and microscop-
ic amplification.

(10) Figures
Figures should be uploaded online as separate files and num-

bered in order of appearance in the text (e.g., Fig. 1). When a sin-
gle numbered figure contains 2 or more figures, the figure should 
be numbered with an alphabet letter following the number (e.g., 
Fig. 1A, Fig. 1B). Indicate focus points in the figures with markers 

such as arrows and arrowheads, etc. Image files must be of resolu-
tions higher than 300 dpi, and less than 3 MB, in JPEG, GIF, TIFF, 
or Microsoft PowerPoint format. A single numbered figure con-
taining more 2 or more figures such as Fig. 1A and Fig. 1B should 
be uploaded as a single file.

2) REVIEW ARTICLES
The invited review is a focused review of a specific topic written 
by an expert in the field nominated by the editorial board. The 
abstract should contain no more than 250 words and 5 keywords. 
The text is structured in the order of Introduction, Main text, 
Conclusion, Acknowledgments (when applicable), References, 
Tables, Figure legends, and Figures.

3) BRIEF REPORTS
General guidelines are the same as for the original article. The 
manuscript is structured in the order of Abstract, Main text, Ac-
knowledgments (when applicable), References, Tables, Figure leg-
ends, and Figures. A structured abstract is required and limited to 
150 words, with no more than 3 keywords attached. Manuscripts 
should be limited to 1,500 words of text including references and 
figure legends (not including abstract, tables, and figures), and no 
more than 10 references. The total number of figures and/or ta-
bles is limited to 3.

4) CASE REPORTS
General guidelines and order of manuscript preparation are the 
same as for the original article. Case reports are considered for 
publication only if they report rare conditions, atypical symptoms 
and signs, novel diagnostic or therapeutic approaches, or describe 
atypical findings for populations residing in Asia and the Pacific 
Rim. The editorial board will determine whether the case report 
fulfills the above criteria for acceptance of publication. The manu-
script is structured in the order of Abstract, Introduction, Case 
report, Discussion, Acknowledgments (when applicable), Refer-
ences, Tables, Figure legends, and Figures. The abstract should be 
nonstructured and limited to 150 words, with no more than 3 
keywords attached. The introduction should briefly state the 
background and significance of the case. The actual case report 
should describe the clinical presentation and the diagnostic and 
therapeutic measures taken. The discussion should focus on the 
uniqueness of the case and should not contain extensive review of 
the disease or disorder. The combined number of tables and fig-
ures is limited to 5, and the number of references is limited to 10. 
Maximum word count is limited to 1,500 words including refer-
ences and figure legends.
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5) IMAGES IN THIS ISSUE
All images should be accompanied by a short description of the 
image and a brief and concise clinical review of the specific pa-
tient or clinical issue of no more than 500 words (excluding refer-
ences) with references limited to 5. Image files must be of resolu-
tions higher than 300 dpi for photographs, and 900 dpi for line 
art, waveforms, and graphs, in JPEG, GIF, TIFF, or Microsoft 
PowerPoint format. Images should make up a single figure, al-
though they may contain more than one frame. The manuscript 
does not have an abstract.

6) LETTERS TO THE EDITOR
Letters should not have an abstract, tables, figures, and data sup-
plements. Letters must be limited to roughly 500 words of text 
and no more than 5 references, 1 of which should be to the recent 
ARM article. Letters may have no more than 3 authors.

7) REPORTING GUIDELINES FOR SPECIFIC STUDY 
DESIGNS
For the specific study design, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational stud-
ies, and non-randomized studies, it is recommended that the au-
thors follow the reporting guidelines listed in the following table.

8. SUBMISSION APPLICATION & 
COPYRIGHT TRANSFER

All submitted manuscripts must be accompanied by the official 
Submission Application & Copyright Transfer Form of the Kore-
an Academy of Rehabilitation Medicine. The Submission Applica-
tion & Copyright Transfer Form must contain the title of the 
manuscript, date of submission, names of all authors, authors’ af-
filiations, and written signatures. Note the corresponding author 
and provide his/her affiliation, e-mail, telephone and fax numbers, 
and mailing address.

For the copyrights of the contributions published in ARM, see 
Creative Commons (Attribution-Noncommercial) at http://cre-
ativecommons.org.

9. MANUSCRIPTS AFTER ACCEPTANCE

ARM is published in English bi-monthly on the last days of Feb-
ruary, April, June, August, October, and December.

All submitted manuscripts must be accompanied by the official 
Submission Application & Copyright Transfer Form of the Kore-
an Academy of Rehabilitation Medicine. The Submission Applica-
tion & Copyright Transfer Form must contain the title of the 
manuscript, date of submission, names of all authors, authors’ af-
filiations, and written signatures. Note the corresponding author 
and provide his/her affiliation, e-mail, telephone and fax numbers, 
and mailing address. For the copyrights of the contributions pub-
lished in ARM, see Creative Commons (Attribution-Noncom-
mercial) at http://creativecommons.org.

1) FINAL VERSION UPLOAD
When accepted for publication, the authors’ institutional affilia-
tions should be inserted into the text of the final revised manu-
script and uploaded to the online submission system. Files con-
taining figures should be of the highest resolution (at least 300 dpi 
for color figures, and 900 dpi for line art and graphs) should be 
also be uploaded in JPEG, GIF, or TIFF format, and must be 
named according to the figure number (e.g., Fig. 1.jpg).

2) GALLEY PROOF
Galley proofs will be sent to the corresponding author for final 
corrections. Corrections should be kept to a minimum, must be 
returned within 2 days, otherwise publication may be delayed. 
Any fault found after the publication is the responsibility of the 
authors. We urge our contributors to proofread their accepted 
manuscripts very carefully. After the publication, if there are criti-
cal errors, they should be corrected as Corrigendum or Erratum.

3) PUBLICATION
The editorial board retains the right to request minor stylistic and 
major alterations that might influence the scientific content of the 
paper. The final manuscript will be published following final ap-
proval by the editor-in-chief.
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General
☐ All elements of the manuscript are printed in English and double-spaced with 1-inch margins at top, bottom, and sides. Right margins 

are unjustified.
☐ All pages are numbered in the following order: title page, structured or standard abstract, body of the text, acknowledgments, refer-

ences, legends, and tables.
☐ The text is consecutively line numbered.
☐ The Submission Application & Copyright Transfer Form is signed by the guarantor at original submission.

Abstract (applied to original articles, review articles, brief reports, and case reports)
☐ A structured abstract with the headings of Objective, Methods, Results, and Conclusion (A nonstructured abstract for case reports) 

must succinctly describe the paper.
☐ At the end of the abstract, relevant keywords are listed.

References
☐ All references have been checked for accuracy and completeness.
☐ Cite only references which are quoted in the text. Limit the number of references 40 for original articles, 10 for brief reports and case 

reports, and 5 for images in this issue and letters to the editor.
☐ Are numbered consecutively in the order they are cited in the text; all listed references have been cited in the text.
☐ Do NOT parenthesize the superscript numerals, and hyphenate (-) when citing 3 or more references in consecutive order.
☐ The format prescribed by the “Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical 

Journals (ICMJE Recommendations)” has been followed. Examples provided under Instructions for Authors have been uploaded.
☐ List all authors when there are 6 or fewer; when there are 7 or more, list the first 6, followed by “et al.”
☐ Journal names should be abbreviated according to the format listed in the Index Medicus. If the journal is not listed in the Index 

Medicus, refer to the list of title word abbreviations by the ISSN network (http://www.issn.org/2-22660-LTWA.php).

Figure Legends
☐ Figure legends are provided for each figure.
☐ Figure legends are numbered and presented together in numeric order following reference page(s).

Tables
☐ Each table is headed by a title and numbered in Arabic numerals on a separate page.
☐ The title of the tables should be written in phrases, and capitalized the first letter of the first word.
☐ There are less than 5 tables in the text of original articles.
☐ Tables are cited in numeric sequence in the text.

Figures
☐ Each is numbered with an Arabic numeral and cited in numeric sequence in the text.
☐ Photographs of recognizable persons should be accompanied by a signed release from the patient or legal guardian authorizing publi-

cation. Masking eyes to hide identity is not sufficient.

Checklist for Authors
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Credits & Permissions
☐ In addition to the notice of informed consent and releases to publish photographs of recognizable persons, submit with the manu-

script written permission to use non-original material (quotations exceeding 100 words, any table or illustration) from copyright hold-
er of the original. No article will be accepted as a submission to Archives without all required permissions. Credit the source in a text 
or table footnote or in a legend.

A more complete description of each item that must be checked is provided under the appropriate heading in the Instructions for Au-
thors.
I have reviewed this Checklist and have complied with its requirements.
Every author took a certain role and made contribution to the study and the manuscript. In case of publication, I agree to transfer all 
copyright ownership of the manuscript to the Korean Academy of Rehabilitation Medicine to use, reproduce, or distribute the article.
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