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Abstract

Background: One of the fundamental factors in infants’ readiness to discharge from the Neonatal Intensive Care Unit (NICU) is
attaining full oral feeding. Determining the infants’ development requires instruments to comprehensively assess the infants’ oral
skills and the process of feeding.

Objectives: This study aimed to measure the validity and reliability of Early Feeding Skill assessment (EFS) and the subscales of the
cue-based feeding (Oral Feeding Readiness scale (OFRS) and Oral Feeding Quality scale (OFQS)).

Methods: Participants consisted of 30 preterm infants born at gestational age (GA) < 34 weeks in Dr. Shariati Hospital, Tehran
University of Medical Sciences, Tehran, Iran. Infants were enrolled by convenience sampling. Intraclass correlation coefficients
(ICC) and Weighted Kappa were used to measure reliability, and Spearman and Pearson’s correlation coefficient were used to test
convergent and discriminant validity.

Results: The inter-and intra-rater reliability of all dimensions of EFS were good (ICC ranged from 0.77 to 0.95) except intra-rater reli-
abiltiy for the ability to maintain physiologic stability and ability to coordinate swallowing was moderate. The inter-rater reliability
of the cue-based feeding scales was excellent (Weighted Kappa of > 0.74). The intra-rater reliablity indicated good agreement for
OFRS (Weighted Kappa = 0.73) and excellent agreement for OFQS (Weighted Kappa = 0.75). There was an inverse correlation between
most subscales of EFS and cue-based feeding scales (P < 0.05), except the ability to maintain physiologic stability and ability to coor-
dinate swallowing dimensions (P> 0.05). There was a significant correlation between the ability to maintain physiologic stability
dimension and post menstrual age (PMA) (r =38, (P < 0.05) and between the oral feeding recovery assessment and GA (r = 0.37, (P <
0.05). OFQS was inversely correlated with GA and PMA (P < 0.05).

Conclusions: EFS and cue-based feeding scales are valid and reliable scales to assess the oral feeding skills of preterm infants; how-
ever, using only one of these scales solely to evaluate infants’ feeding process is not enough.

Keywords: Feeding Behavior, Infant, Premature, Psychometrics

1. Background ment, respiratory status, weight, activity level, and coordi-
nation of sucking, swallowing, and breathing (4). Facilita-
tion of transition to independent oral feeding is one of the
most important aims of the speech-language pathologist

in the neonatal field (9).

One of the most important concerns for preterm in-
fants’ discharge is the achievement of oral feeding skills
(1, 2). The immaturity of neurological, cardio-respiratory,

and gastrointestinal functions in preterm infants leads to
delay in oral feeding (3-5). Approximately, 40% to 70% of
infants with comorbidities and 3% to 10% of other infants
require tube feeding after discharge (6). One of the most
difficult tasks for preterm infants is making a decision for
starting oral feeding (7, 8). The evaluation should be per-
formed based on the maturity of infants’ neurodevelop-

Assessment instruments are required to objectively
evaluate infants’ oral feeding skills before and during feed-
ing (10, 11). If tools do not provide enough detail to guide
therapists for decision-making about the starting time of
oral feeding, they are not able to identify deficient areas of
infants’ oral skills to select the best method for interven-
tion, and more importantly, tools do not determine the ef-
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fects of feeding interventions precisely. In this situation,
it is possible to start infants’ oral feeding before readiness
for feeding, which has negative effects on infants and fam-
ilies, such as prolonged hospitalization, increase in health
costs, and low interaction between infant and parents (6,
12).

There are some available scales to assess the infants’
oral feeding skills (10). LATCH is one of the scales devel-
oped to assess oral feeding skills during breastfeeding (L,
latches; A, audible swallowing; T, nipple type; C, level of
comfort; H, holding infant) (13). Another scale is Preterm
Oral Feeding Readiness scale (POFRS) that is only for assess-
ing preterm infants’ oral feeding readiness. The subscales
of this scale include corrected age, behavioral organiza-
tion, oral posture, oral reflexes, and nonnutritive sucking
(14, 15). Moreover, Neonatal Oral Motor Assessment scale
(NOMAS) is one of the primary tools to assess infants’ oral
motor function and sucking. NOMAS is a 28-item scale that
evaluates the infants’ jaw and tongue movements to clas-
sify their sucking patterns as normal, disorganized, or dys-
functional. It solely assesses the movements of tongue and
jaw (6,16,17).

The above-mentioned scales assess oral motor skills be-
fore feeding and only the LATCH scale assesses during feed-
ing, which is not used for evaluation during bottle feeding
and before starting oral feeding. Oral feeding progress in
preterm infants is evaluated based on neurodevelopmen-
tal evolution, the avoidance of stresses during feeding, and
positive experience (18). Early Feeding Skill Assessment
(EFS)and cue-based feeding are the only scales which evalu-
ate infants’ oral feeding readiness before feeding, feeding
tolerance, and feeding quality during their feeding.

Evidence demonstrates that the cue-based feeding ap-
proach is based on the recognition of ready cues and stress
cues to help preterm infants to attain an independent oral
feeding that is safe and efficient. In the cue-based feeding
protocol, infants’ feeding behaviors are assessed based on
the Oral Feeding Readiness scale (OFRS) which investigates
infants’ oral feeding cues such as infant’s state, rooting be-
havior, muscle tone, physiological instability before feed-
ing, and Oral Feeding Quality scale (OFQS) that considers
oral feeding behavior during feeding such as sucking, co-
ordination between sucking, swallowing, and breathing,
and duration of feeding (19-21).

Early Feeding Skill assessment (EFS) is another scale
that evaluates oral feeding skills before, during, and after
feeding. EFS measures infants’ feeding skills from first oral
feeding until 52 weeks of post-conceptional age. The sub-
scales of EFS indicate areas of strength, areas of some clin-
ical concerns, and areas of major clinical concerns (22-24).

Early identification of infants with feeding disorders is
necessary to receive appropriate treatment, optimize their
feeding, and improve oral feeding skill. However, since in-

fants are not able to communicate during feeding, confus-
ing feeding behaviors might appear inconsistently. It is
difficult to distinguish between confusing feeding behav-
iors and usual feeding behaviors. Under this condition,
some instruments are required to objectively and compre-
hensively assess the infants’ oral skills and process of feed-
ing (10, 11). EFS and cue-based feeding scales are the only
scales which not only assess infants’ feeding readiness be-
fore starting oral feeding but also their oral feeding quality
during feeding. Using these scales, speech and language
pathologists are able to identify and resolve infants’ oral
feeding problems early and recognize the best time for in-
fants to attain independent oral feeding, which positively
affectinfants’ growth (6, 25). In addition, one of the most
important feeding methods over the world is cue-based
feeding, and since this method has been recently used in
Iran, the validated scale of this method is required.

2. Objectives

Thereisno studyin Iran on concurrent investigation of
EFS and cue-based feeding scales and inter- and intra-rater
reliability of these scales; the present study aimed to mea-
sure the validity and reliability of the EFS and cue-based
feeding scales.

3. Methods

A cross-sectional study was carried out. The study
protocol was approved by the Institutional Review
Board, School of Rehabilitation, and the Ethics Com-
mittee of Tehran University of Medical Sciences (code:
IR TUMS.VCR.REC.1398.042). The consent form was com-
pleted by the infants’ parents.

3.1. Participants

Participants consisted of preterm infants with gesta-
tional age (GA) < 34 weeks born in the Neonatal Intensive
Care Unit of Shariati Hospital, Tehran University of Med-
ical Sciences, Tehran, Iran, from December 2017 to Febru-
ary 2018. The infants were enrolled based on convenience
sampling, and the restriction of enrollment method was
used for minimizing confounding variables (26). Term in-
fants and preterm infants over the gestational age of 34
weeks were the confounding variables. To control these
confounders, the study population was limited to preterm
infants aged < 34 weeks. Infants who received a score
more than 30 in Preterm Oral Feeding Readiness scale in
a primary assessment performed by the speech-language
pathologist, infants who did not have neurological disor-
ders and congenital anomalies, and infants with Apgar
score of 3 or more in the first minute and Apgar score of

Middle East | Rehabil Health Stud. 2021; 8(3):e110973.
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5 or more in the first 5 minutes were included in the study.
Dead infants, infants with reluctant families to participate,
and a sudden change in infants’ nutritional status, such
as cerebral hemorrhage or intestinal problems were ex-
cluded from the study.

According to Bonet’s study, with & = 0.05, power = 95%,
and minimum ICC = 0.65, the minimum sample size was
calculated for two raters and 23 preterm infants (27, 28). To
prevent attrition, 30 preterm infants were enrolled in the
research to determine psychometrical properties.

3.2. Instruments

Early feeding skill Assessment is a 28-item scale that
evaluates feeding skills in infants in three parts, including
before starting oral feeding to demonstrate readiness for
oral feeding by four items, during feeding consisting of
four dimensions: the ability of engagement maintenance
in feeding (four items), the ability of oral-motor skills orga-
nization (four items), the ability of swallow coordination
(six items), and the ability of physiological stabilization
(nine items), and after feeding assessment (two items). The
score range of items was 1- 3; score 1indicates the presence
of a problem and score 3 represents the absence of a prob-
lem. The content validity of EFS was affirmed by neonatal
nurses and feeding experts. The inter-rater reliability and
intra-rater reliability of EFS were reported 0.85 and 0.81, re-
spectively (6, 22, 23).

Oral Feeding Readiness scale (OFRS) has five options re-
lated to preterm infants’ oral feeding cues including in-
fant state, rooting behavior, muscle tone, and physiologi-
cal instability. Feeding readiness ranged from 1to 5. Score 1
indicates drowsy or alert state, rooting behavior, and good
tone. Score 5 means that an infant’s physiological condi-
tionis not stable, and the infantis not ready for feeding (19,
21).

Oral Feeding Quality scale (OFQS) evaluates the quality
of preterm infants’ oral feeding. This scale considers an
infant’s sucking, coordination between sucking, swallow-
ing, and breathing, and feeding duration. The scale con-
sists of five items ranging from1to 5. Scores 1and 2 demon-
strate thatoral feeding quality is satisfactoryand the infant
is able to feed all milk volume by bottle or breast (19, 21).

3.3. Translation and Face Validity

Initially, the researcher had permitted the scales’ de-
signer to use the EFS and the cue-based feeding. The for-
ward and backward translation method was utilized to
translate the English version of the scales into Persian (29).
According to this method, two Iranian translators, who
were expert in English, translated the original version of
scales into Persian. Then, the translators and two SLPs par-
ticipated on a panel to synthesize two translated versions.

Middle East ] Rehabil Health Stud. 2021; 8(3):e110973.

The synthesized Persian version of scales was back trans-
lated into English by two translators and was sent to the
scales’ developers. In the next step, the expert panel (an ex-
pert methodologist in the validation of instruments, two
SLPs, a neonatologist, and a translator) investigated the
original version and the Persian version in terms of con-
ceptual, semantic, and clinical equivalence. Then, the pre-
final version of the scales was approved. The Persian ver-
sion of the scales was investigated by 10 speech and lan-
guage pathologists to determine face validity. Finally, the
Persian version of EFS and the cue-based feeding scales was
constructed.

3.4. Construct Validity

Convergent validity and discriminant validity were
used to examine construct validity. To assess the conver-
gent validity, the subscales of EFS were correlated with the
subscales of cue-based feeding. To test the discriminant va-
lidity, known-group validity was used, testing the correla-
tion between EFS and the cue-based feeding scales in terms
of GA and post-menstrual age (PMA).

3.5. Reliability

To measure the inter-rater reliability of the scales, two
speech-language pathologists with 3 years experience in
infants’ feeding in NICU assessed each infant before and
during feeding. Therapists accomplished the assessment
for each infant without consulting each other. Both thera-
pists observed the infants’ behaviors concurrently.

To test the intra-rater reliability, while the infants’ be-
haviors were video recorded, each infant was assessed once
by one of the therapists. After 1week, the infants’ oral feed-
ing skills on the recorded videos were re-evaluated by the
therapist.

3.6. Statistical Analysis

Intraclass Correlation Coefficients were used to test
the inter-rater and intra-rater reliability of EFS. Coefficients
less than 0.5 indicate poor reliability, between 0.51and 0.75
moderate reliability, and more than 0.75 good reliability
(29). Weighted Kappa was used to measure the inter-rater
and intra-rater agreement of the cue-based feeding scales.
Evaluation criteria for kappa, using guidelines described
in Cicchetti and Sparrow (30) and Fleiss et al. (31), are as fol-
lows: Fair =k of .40 - 0.59; Good =k of .60 - 0.74; and Excel-
lent=k> 0.74. Spearman’s correlation coefficient was used
to test the convergent validity of EFS and the subscales of
the cue-based feeding. The correlation between EFS and the
cue-based feeding scales regarding GA and PMA were mea-
sured by Pearson’s correlation coefficient. All data were an-
alyzed with SPSS version 23.
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4. Results

The demographicand clinical characteristics of infants
areillustrated in Table 1. Thirty Infants aged 28 - 34 weeks of
gestaion and weighted 1000 - 2290 gram were enrolled in
the study. The majority of infants used breast feeding and
bottle feeding (26.5%).10.3% of infants used bottle feeding,
and 7.2% of infants used breast feeding.

Table 1. Demographic and Clinical Characteristics of Infants®

Characteristics Values (N=30)
Female 17(56.7)
Gestational age, wk 3193 £1.71
<28 2(2.9)
28-32 10 (14.7)
32-34 18(26.5)
Post menstrual age, wk 32.40 145

Birth weight, g 1642.00 £ 320.54

1000-1500 10 (14.7)

1500-2000 17(25)

2000 < 3(4.4)
Apgar score 1 min 6.26 £1.98
Apgar score 5 min 833 £ 0.95

*Values are expressed as No. (%) or mean = SD.

4.1. Inter- and Intra-Rater Reliability of EFS

According to Table 2, the inter-rater reliability of all
dimensions of EFS was good (ICC ranged from 0.77 to
0.95). The ability to organize oral-motor function dimen-
sion showed the most agreement (ICC: 0.95; 95% CI: 0.89 -
0.97) and the ability to coordinate swallowing dimension
had the least agreement (ICC: 0.80; 95% CI: 0.58-0.90). The
intra-rater reliability (ICC ranged from 0.82 to 0.94) of all
dimensions of EFS was good, except the ability to maintain
engagement in feeding (ICC: 0.69; 95% CI: 0.38 - 0.85) and
the ability to coordinate swallowing (ICC: 0.65;95% CI: 0.28
- 0.83) dimensions were moderate.

4.2. Inter- and Intra-Rater Reliability of the Cue-Based Feeding
Scales

Table 3 demonstrates the inter- and the intra-rater re-
liability of the cue-based feeding scales. Weighted Kappa
for both scales revealed a high range of agreement be-
tween the two examiners (Weighted Kappa of OFRS = 0.88,
Weighted Kappa of OFQS = 0.95). The intra-rater reliabil-
ity indicated a good agreement for OFRS (Weighted Kappa
= 0.73) and an excellent agreement for OFQS (Weighted
Kappa=0.75).

4.3. Convergent Validity of EFS and the Cue-Based Feeding
Scales

Table 4 indicates Spearman’s correlation between the
subscales of EFS and the cue-based feeding. There was an
inverse correlation between the subscales of EFS (readiness
before feeding, the ability to maintain engagement in feed-
ing, the ability to organize oral-motor functioning, and
oral feeding recovery) and the subscales of the cue-based
feeding (OFRS and OFQS) (P < 0.05). However, there was
no correlation between the subscales of the ability to main-
tain physiologic stability (P = 0.07, P = 0.13) and the ability
to coordinate swallowing (P =0.27, P=0.07) with OFRS and
OFQS (P> 0.05).

4.4. Correlation Between EFS and the Cue-Based Feeding Scales
Regarding GA and PMA

Table 5 shows the correlation between the subscales of
EFS and the subscales of the cue-based feeding, consider-
ing infants’ GA and PMA. There was a meaningful correla-
tion between the ability to maintain physiologic stability
dimension and PMA (r = 0.38, P = 0.03) and between the
oral feeding recovery assessment subscale and GA (r = 0.37,
P =0.04). There was an inverse correlation between OFQS
and GA (r =-0.36, P = 0.04); later GA and lower OFQS score
(higher feeding quality) were correlated. In addition, more
PMA was associated with lower OFQS score (r =-0.39, P =
0.03).

5. Discussion

Thisresearch investigated the reliability and validity of
EFS and the cue-based feeding scales. There was no notice-
able change in terms of translation and face validity. A pro-
fessional group consisted of 10 speech-language patholo-
gists who approved the clarification and relevance of the
items. This was in agreement with the study that Ludwig
and Waitzman (32) performed to investigate the content
validity of the Cue-Based Feeding scales. Furthermore, it
was consistent with the studies conducted by dos Santos
Curado (11) in Brazil on the validation of EFS for the Por-
tuguese population, including 698 infants with GA of 24 -
37 weeks. In addition, Abarzua et al. (24) and Thoyre et al.
(6) confirmed the face and content validity of EFS.

The inter-rater reliability of all subscales of EFS was
good. ICC greater than 0.75 represented good reliability
for a tool. The results indicated that EFS had a high level of
agreement. The ability to organize oral-motor function di-
mension showed the mostagreement, and the ability to co-
ordinate swallowing dimension had the least agreement.

In addition, the intra-rater reliability of all dimensions
of EFS was good (ICC ranged from 0.82 to 0.94) except
for maintenance and coordination dimensions that were

Middle East | Rehabil Health Stud. 2021; 8(3):e110973.



Uncorrected Proof

Kamran Fet al.
Table 2. Inter- and Intra-Rater Reliability of EFS
Inter-Rater Reliability Intra-Rater Reliability

Dimensions

Mean (SD) ICC CI SEM Mean (SD) ICC a SEM
Oral Feeding Readiness assessment 2.50(0.43) 0.94 0.87-0.97 0.16 2.33(0.54) 0.82 0.63-0.91 0.22
Ability to maintain engagement in feeding 2.73(0.31) 0.89 0.77-0.94 0.10 2.54(0.36) 0.69 0.38-0.85 0.20
Ability to organize oral-motor functioning 2.47(0.47) 0.95 0.89-0.97 0.10 2.38(0.47) 0.94 0.87-0.97 0.1
Ability to coordinate swallowing 2.95(0.08) 0.80 0.58-0.90 0.03 2.86(024) 0.65 028-083 0.4
Ability to maintain physiologic stability 2.8(0.37) 0.77 0.26-0.91 0.17 2.57(0.41) 0.88 0.77-0.94 0.14
Oral Feeding Recovery assessment 2.66(0.44) 0.86 0.70-0.93 0.6 2.61(0.53) 0.83 0.64-0.92 0.21

Table 3. Inter- and Intra-Rater Reliability of Cue-Based Feeding Scales

Inter-Rater Reliability Intra-Rater Reliability
Cue-Based Feeding Scales

Weighted Kappa  Standard Error ~ Weighted Kappa  Standard Error

Oral Feeding Readiness scale 0.88 0.09 0.73 0.10
Oral Feeding Quality scale 0.95 0.04 0.75 0.1
Table 4. Convergent Validity of EFS and Cue-Based Feeding Scales moderate. The findings demonstrated that EFS had a high

intra-rater reliability.

. . Previous studies used the internal consistency method
Oral Feeding Readiness . T .
assessment to determine reliability. In a study by Bahrami et al. (33),
Cronbach’s alpha coefficient was 0.88. Thoyre et al. (6)
tested the psychometric properties of the EFS, which in-
cluded 142 32-50-week PMA infants; the internal consis-
tency of the total EFS was good (Cronbach « = 0.81). To ex-

Dimensions Cue-Based Feeding Scales  P-Value

OFRS 0.000 -0.77
OFQS 0.000 -0.68

Ability to maintain engagement

in feeding . i .
amine the internal consistency of the subscales, they mea-
OFRS 0.002 053 sured interiterm correlation mean, ranged from 0.28 to
OFQs 0.052 035 0.47. The interiterm correlation mean ranged from 0.15 to
Ability to organize oral-motor 0.50 are acceptable (6). In the Portuguese version, the over-
fi all Cronbach’s alpha of EFS was 0.85. In this version, the re-
OFRS 0.000 -0.71 liability of the ability to organize oral-motor functioning
OFQS 0098 @5 (av = 0.79) and the ability to coordinate swallowing (o =
. . 0.65) dimensions were acceptable, and the ability to main-
Ability to coordinate . i . . . . i
swallowing tain physiologic stability dimension (« = 0.81) was reliable
s . ,
OFRS 0o 020 (1). Th.e standard rellab.lhty fora Fool is .Cronbach s alpha
coefficient of 0.7 and higher. Previous literature has con-
OFQS 0.078 -0.32

firmed the reliability of EFS (11, 33).
At"illji_?t? At El The inter- and intra-rater reliability of the cue-based
stabulr

feeding scales revealed a high agreement between the

OFRS 0-073 033 two examiners (Weighted Kappa of OFRS = 0.88, Weighted
OFQS 0.136 -0.27 Kappa of OFQS = 0.95). The intra-rater reliability indicated
Oral Feeding Recovery a good agreement for OFRS (Weighted Kappa = 0.73) and
assessment an excellent agreement for OFQS (Weighted Kappa = 0.75).
OFRS 0.003 -051 Good to moderate intra-rater reliability represented the
OFQS 0.006 -0.49 acceptable stability of the cue-based feeding scales over
Abbreviations: OFQS, Oral Feeding Quality scale; OFRS, Oral Feeding Readiness time. Davidson et al. performEd a StUdy to adapt the
scale. cue-based feeding scales with the chronic conditions of

preterm infants such as bronchopulmonary dysplasia; the
Cronbach’s alpha coefficient was 0.51 (21).
There was no correlation between the ability to main-
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Table 5. Correlation Between the EFS and Cue-Based Feeding Scales Regarding GA and PMA

GA PMA
P-Value R P-Value r

EFS

Oral Feeding Readiness assessment 0.26 0.20 0.68 0.07

Ability to maintain engagement in feeding 0.06 0.73 038 0.16

Ability to organize oral-motor functioning 0.24 0.21 0.25 0.21

Ability to coordinate swallowing 0.90 0.02 0.72 0.06

Ability to maintain physiologic stability 0.66 0.08 0.03 038

Oral Feeding Recovery assessment 0.04 0.37 0.53 0.1
Cue-Based Feeding

OFRS 0.41 -0.15 0.53 -0.11

OFQS 0.04 -0.36 0.03 -0.39

Abbreviations: GA, gestational age; OFQS, Oral Feeding Quality scale; OFRS, Oral Feeding Readiness scale; PMA, post menstrual age.

tain physiologic stability and the ability to coordinate
swallowing dimensions regarding OFRS and OFQS (P >
0.05). Thoyre et al. (6) demonstrated a significant in-
verse correlation between all subscales of EFS and OFQS.
The lower score of OFQS (high feeding quality) indicated
the higher score of the EFS subscales (higher oral feeding
skills). This difference can be due to the difference between
infants’ PMA in the present study and Thoyre’ (6). Infants’
PMA in this research was lower.

In the present study, only the higher ability to main-
tain physiologic stability score correlated with later PMA
(P < 0.05), while in Thoyre’s study (6), only the ability
to maintain engagement dimension was associated with
PMA. In this study, the infants with later PMA were a more
healthy group, and the ability to maintain engagement in
the study of Thoyre et al. (6) was consistent with brain mat-
uration and wake and sleep developments. Moreover, the
higher oral feeding recovery assessment score was associ-
ated with later GA (P < 0.05), and according to Thoyre et
al. (6), the ability to maintain physiologic stability score
was correlated with more GA. Difference in the skills of ob-
servers in two studies can be the reason for variations in
the results. Later GA was correlated with lower OFQS score
(higher feeding quality). In addition, more PMA was asso-
ciated with lower OFQS score.

5.1. Conclusions

The EFS and cue-based feeding scales are valid and reli-
able scales to assess the oral feeding skills of preterm in-
fants. Not only most EFS subscales were correlated with
the cue-based feeding scales but also some subscales of
EFS and OFQS were associated with GA and PMA; however,
using one of these scales is not solely enough to evalu-
ate infants’ feeding process. One of the limitations of

the study wasinfants’ different behavioral patterns during
feeding, causing observers’ confusion. Another limitation
was the small sample size of preterm infants. Assessing EFS
and cue-based feeding scales with larger samples involving
preterm and full-term infants are recommended.
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