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ABSTRACT
Purpose: The study aimed to report within-session reliability, estimate the reference values for
the Modified Timed Up and Go (mTUG) test in typically developing (TD) Saudi children aged
4–12 years old, develop a reference equation for the estimated mTUG, and compare the meas-
ured mTUG in the present study with the predicted mTUG obtained from the previous regres-
sion equation.
Methods: In this cross-sectional observational study, anthropometric measurements and mTUG
test were investigated in 805 child. The association between the mTUG test and predictive varia-
bles was studied.
Results: Average mTUG speed was 4.63±0.68 s. Within-session reliability was excellent with
intraclass correlation coefficient of 0.90. The test was significantly and negatively correlated with
age, height, and weight (r¼�0.66, p¼ .00), (r¼�0.54, p¼ .01), and (r¼�0.33, p¼ .01) respect-
ively. According to the stepwise regression analysis, age and weight were the predictors and
explained 47% of total variance of mTUG scores.
Conclusion: This study provided the mTUG reference values that can be used clinically to evalu-
ate functional mobility and dynamic balance in TD Saudi children aged 4–12 years. The mTUG
scores can be predicted as a function of age and weight.

KEY MESSAGES

� Modified Timed Up and Go test used to assess the functional mobility and dynamic balance
for children with or without developmental abnormalities.

� Availability of reference values according to age is helpful to compare the performance of
children at same ages.
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Introduction

The Timed Up and Go (TUG) test assesses the func-
tional mobility and dynamic balance, which are
important requirements for daily activities. The test
was categorised as activity by the International
Classification of Functioning, Disability, and Health
(ICF) [1]. It is applicable and affordable; moreover, it
does not require specific training. Hence, it is widely
used as a tool to assess the alteration of functional
mobility in people of different ages with various med-
ical conditions [2].

Initially, the TUG test was established in 1991 by
Podsiadlo and Richardson [3] as a tool for assessment
of older adults based on the original adaptation called
Get-up and Go which was suggested by Mathias et al.

in 1986 [4]. The duration of the test is calculated in
seconds when the person stands up from a chair and
walks three metres, turns around, walks back to the
chair, and sits on it once more [3]. The factors that
may impact the outcomes of the test must be consid-
ered when performing it. These factors are age, sex,
height, weight, and body mass index (BMI) [5].

Over the past years, the TUG test was modified to
be utilised with children. In the modified TUG (mTUG)
test, children are asked to touch a target on a wall. To
make the test more understandable to the children,
the instructions were repeated whenever they needed
[6]. Verbal encouragements can be given to children
by the investigator, but they should be walking spon-
taneously. The chair used in the mTUG test should be
carefully chosen, so the child’s hips and knees are
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flexed 90� [5]. The mTUG test is valid and reliable for
assessing functional mobility among children aged
from 3 to 14 age old [5]. Moreover, it was effectively
applied on typically developing (TD) children and chil-
dren with medical conditions such as spina bifida,
traumatic brain injury, cerebral palsy, and Down syn-
drome [6–10]. Currently, the mTUG test is broadly uti-
lised as a screening instrument for TD children [11].
The minimal equipment and space needed to apply
the test make it an attractive and simple tool for
school-based therapists. However, current age-based
reference data are needed.

Earlier studies assessed the TD children in Pakistan,
Australia, United States, Belgium, Brazil, and Hong
Kong to obtain the reference values for TUG test and
investigate the impact of probable predictive factors
in exact populations [2,6,10–14]. Only one of those
studies was conducted by Nicolini-Panisson and
Donadio, 2013 to establish a predictive equation for
Brazilian children aged 3–18 years. Since ethnicity is
one of the strongest predictors for TUG scores, this
equation is not valid to predict the TUG scores in
other populations [2,10,15]. Although the TUG test is
an important clinical assessment test, there is a lack of
studies regarding the estimation of reference values
and the impact of probable predictive factors on the
mTUG test for TD Saudi children. Given this gap in the
literature, the current study was conducted to report
within-session reliability, estimate the reference values
for the Modified Timed Up and Go (mTUG) test in typ-
ically developing (TD) Saudi children aged 4–12 years
old, develop a reference equation for the estimated
mTUG, and compare the measured mTUG in the pre-
sent study with the predicted mTUG obtained from
the previous regression equation.

Methods

Participants

A total of 805 participants were included in this study.
They were divided according to the chronological age
into 8 groups in 1-year increments [16].

The participants were included in this study if they
were TD Saudi children aged 4–12 years, able to follow
the instructions [11], did not have orthopaedic sur-
geries or fracture in the last 6months [10,13,14]. On
the other hand, they were excluded if they are using
assistive aids (except glasses) such as orthosis and/or
cochlear implants [2], complain of cardiorespiratory/
neuromuscular disorders or musculoskeletal injuries
[10,13,14], with severe visual or hearing impairment
[2], and if there is any intellectual disability [10,11].

Sample size

The calculation of sample size followed the steps. (1)
Using the “rule of thumb method” (n� 104 þ k) [17]
in which n¼ sample size and k¼ the number of inde-
pendent variables [age, sex, height, weight, and BMI
percentile] the sample size was 104þ 5¼ 109. The
expected withdrawal rate was 30% [18] therefore, at
least 140 participants were required. (2) As suggested
for stepwise regression analysis, the proper sample
size must to be �200 participants [19]. (3) To have an
excellent sample, size the number of participants in
each sub-group must be more than 30 or 40 partici-
pants per sex [20]. According to these steps 891 par-
ticipants were recruited.

Ethical considerations

The ethical approvals were obtained from the
Institutional Review Board (IRB), King Saud University
(KSU), ethics number (CAMS No. E-19-3876), and by
the Ministry of Education, ethics number (No. 5821).

Design and setting

In this cross-sectional observational study, the TD
Saudi children were recruited from Riyadh, Saudi
Arabia (SA) using the stratified random sampling
method from 10 schools and 5 kindergartens repre-
senting the five regions of Riyadh (centre, north,
south, west, and east). The schools should be either
private or governmental to have a varied and citywide
representative sample. The data were collected from
September to November 2019.

Procedures

Prior to participants enrolment, parents/legal guardi-
ans were requested to sign a consent form that clari-
fied the objectives and procedures of the research.
They were requested to fill in a screening sheet with
demographic information such as date of birth, sex,
and school grade. Meanwhile, the sheet included gen-
eral health questions such as if children have medical
issues, balance abnormality, recent musculoskeletal
injury, or abnormal hearing or vision to detect any
exclusion criteria. More details were obtained from the
parents by telephone if needed. In addition, face to
face evaluation were carried out with all participants
to confirm their eligibility for the study.
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Anthropometric measurements
The weight in kilogram (kg) and the height in centi-
metre (cm) were measured using a calibrated weight
and height scale (Cardinal Detecto ProDoc Series
Physician Digital Scale). The participants were asked to
remove their shoes, stand with minimum clothing in
erect position. The calculation of BMI percentile for
each participant was completed as stated by the
Centres of Disease Control Prevention with the follow-
ing categories: obese (�95th percentile), over weight
(85th to <95th percentile), healthy weight (5th to
<85th percentile), and underweight (<5th percent-
ile) [10].

Procedure of mTUG test
The mTUG test was performed following the protocol
of Nicolini-Panisson and Donadio, 2013 [21]. This
protocol would be the best protocol for the paediatric
population because it has an excellent score according
to COSMIN [20]. The administration of the mTUG test
took around 5–10min. The test was performed thrice
in a quiet room. The participants could rest between
the trials if needed. The mTUG test was explained
once, and the researcher explained the instructions
before starting the test and throughout the test if the
participant is confused. The data were collected by
one researcher.

All participants performed the test individually. The
participant was inquired to sit on the chair, stand,
walk 3-m distance as quick as possible, touch a target
on the wall after the therapist says “Go”, return to the
chair, and sit down once more. Time started when the
participant stood up from the chair and stopped
when the participant’s bottom touched the chair. The
three successful trials per participant were docu-
mented and the within-session reliability was investi-
gated. The test was repeated if the participant ran.
The shortest time of the three trials was taken as a
final result [21].

Statistical analysis

Data were analysed using the statistical package for
social sciences (IBM SPSS version 21). Confidence inter-
val 95% was assigned therefore p-value �.05 was con-
sidered. Data distribution was examined prior to
analysis using Shapiro–Willk test. The data were statis-
tically treated to show the mean and standard devi-
ation (SD) of age, height, weight, BMI percentile, and
mTUG duration for all participants. Categorical data
were expressed as frequency and percentage.

Independent samples t-test was calculated to compare
the anthropometric characteristics between the sexes.

Within-session reliability was examined using 2-way
mixed-effects intraclass-correlation (ICC) model in
which values greater than 0.90 indicate excellent
reproducibility [22]. The two-way ANOVA with two fac-
tors (age and sex) was used to test the effect of age,
sex, and the interaction effect of age and sex on
mTUG scores. Post hoc analysis (Tukey HSD test) was
utilised to determine the difference in every pair-wise
condition. Pearson correlation coefficient (r) was calcu-
lated to test the correlation between the mTUG and
independent variables (age, height, weight, and BMI
percentile). Eta (g) was utilised to investigate the cor-
relation between mTUG and sex. Linear regression
model was utilised to assess the independent data
explained the mTUG variance. The process of adding
the independent factors to the model at each step
was continued until no additional significant factors
could be added. Variables entered and removed from
the model depended on whether p> .05. The collin-
earity between the multivariate was detected by vari-
ance inflation factors at a cut-off point of 10 [23]. The
measured mTUG was compared with the times pre-
dicted from the Brazilian equation [21] using Bland
and Altman plot.

Results

Out of 1500 consent forms and screening sheets
received by parents/guardians, 891 participants were
evaluated for this study with a response rate of 59.4%.
Eighty-six children were excluded because of musculo-
skeletal injuries (n¼ 7), cochlear implant (n¼ 5),
absent on the day of examination (n¼ 35) or refuse to
participate in the study (n¼ 18). Totally, 805 children
(373 boys and 432 girls) were eligible and completed
the study.

Demographic, anthropometric characteristics

All the data were normally distributed and homogen-
ous. Table 1 demonstrates the anthropometrical attrib-
utes of the participants. The participants’ ages ranged
from 4–12 years. The mean of age was 8.33 ± 2.30 year,
and the mean of BMI percentile was 57.68 ± 34.03
(range, 1st to 99th percentile). Generally, there were
no significant differences between boys and girls in
respect to weight, height, and BMI percentile in most
age groups (p > .05). For the entire sample, boys
were significantly taller than girls (129.47 cm vs.
126.57 cm, p¼ .01) with no significant differences

ANNALS OF MEDICINE 1907



between boys and girls in all age groups except in 6
to <7 and 8 to <9 years (p < .05) in favour to boys.
On the other hand, girls were significantly taller and
heavier than boys in the age group 11–12 years
(p< .05). The sample was classified as 8.4% under-
weight, 59.5% healthy weight, 13.5% overweight and
18.9% obese.

Reproducibility and within-session reliability of
mTUG test

The mean of time± SD to perform the first trial was
4.63 ± 0.68 s, the second trial was 4.83 ± 0.76 s, and the
third trial was 5.10 ± 0.83 s. Evaluating the reproducibil-
ity, the within-session reliability was excellent with ICC
of 0.94.

mTUG test score by age and sex

Average mTUG speed was 4.63 ± 0.68 s. The results of
the two-way ANOVA showed a statistically high signifi-
cant effect of age (F(7, 789)¼ 120.08, p¼ .00) and a
low significant main effect of sex (F(1, 789)¼ 4.26,
p¼ .04) on mTUG. Furthermore, significant age� sex
interaction was noted (F(7, 789)¼ 2.89, p¼ .01). Age
has greater influence on mTUG (g2¼ 0.52) compared
to sex (g2 ¼0.005) while the effect size of age� sex
interaction was 0.025 (Table 2). The post hoc analysis
results demonstrated that children older than
7–12 years were significantly faster than younger
ones (p< .05).

Figure 1 illustrated age� sex interaction; significant
difference (P< 0.05) was found among children aged
4 to <5 years where boys were faster than girls by
about 0.27 s. On the other hand, girls aged 9 to <10
and 10 to <11 years were significantly faster by 0.22
and 0.24 s respectively. In addition, girls aged 11 to
<12 years were faster than boys by 0.10 s. These differ-
ences did not exceed the 2-s clinically important dif-
ference [21]. Generally, girls aged 6 years and above
performed better than boys (Figure 1). The simple
effect analysis revealed that the effect of age on
mTUG performance was higher in girls compared to
boys (partial g2¼ 0.43 and 0.28 respectively).

Factors affecting the performance of mTUG

There was a significant and negative correlation
between the mTUG and age, height, and weight,
(r¼�0.66, p¼ .01), (r¼�0.54, p¼ .01), and (r¼�0.33,
p¼ .01) respectively but not with BMI percentileTa
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(r¼ 0.05, p¼ .17). Based on Eta (g), the association
between mTUG and sex was very weak (g¼ 0.05).

Predicting factors of mTUG

The significantly associated factors (age, weight, and
height) were involved in stepwise regression analysis
to define the mTUG predictors, and develop the
regression equations. The findings reported that age
and weight were the foremost noteworthy and signifi-
cant predictors. They explained 47% of total variance
of mTUG scores (Table 3). The equation which includes
both age and weight as predictors is as follow:

mTUG Secondsð Þ ¼ 6:27� ½0:25� Age yearsð Þ	
þ ½0:01�Weight Kgð Þ	:

Comparison between the measured mTUG time in
this study with the previous studies

The mean of mTUG for Saudi boys and girls over eight
successive ages from 4 to 12 years compared to six
previously published studies is illustrated in (Figure 2).
The mean of mTUG is close to values of American chil-
dren (California) [24] and lower than the values
reported for Pakistani, American (New York City),
Brazilian, Belgian, and Australian children [2,6,10–14].

Figure 3 illustrated the Bland and Altman compari-
son between the measured mTUG and mTUG pre-
dicted from the Brazilian regression equation [10].
There was a systematic bias between the measured

and the predicted values from this equation. The cor-
relation between mean difference (Y-axis) and mean
value (X-axis) is significant (r¼ 0.81, p¼ .01), represent-
ing a proportional error of mTUG predicted with the
corresponding reference equation. The mean± SD of
measured mTUG was also significantly lower by
1.82 ± 0.53 s than the Brazilian norms.

Discussion

The aims of this study were to report within-session
reliability, estimate the reference values for the mTUG
test in a sample of TD Saudi children aged 4–12 years
old, develop a reference equation for the estimated
mTUG, and compare the measured mTUG in the pre-
sent study with the predicted mTUG obtained from
the previous regression equation. The results imply
that the mean of mTUG test was 4.63 ± 0.68 s
(4.67 ± 0.66 s for boys and 4.61 ± 0.70 s for girls). Based
on regression analysis, the age and weight were the
most significant and important predictors of the
mTUG test. They were accounted for 47% of the total
variance of mTUG test.

In line with the previous studies [2,6,10–14] the
mean age was 8.33 ± 2.30 year. However, a Belgian
study included only pre-school children [2] and the
Brazilian study had a wider age range (3–18 years)
[10]. In this study, the means of height and weight
were 127.89 ± 1.46 cm and 29.98 ± 11.92 kg respect-
ively. They are slightly less than those reported in Butz
et al., study (131.6 ± 7.06 cm and 31.70 ± 7.78 kg) [24].
In agreement with Itzkowitz et al., 2016, most of our
children have a healthy weight (59.5% vs 63.83%) [13].

Within-session reliability of mTUG test was excellent
(ICC¼ 0.93, p< .05). This result is supported by a
Nicolini-Panisson and Donadio study with ICC¼ 0.95
[10]. Furthermore, the ICC value was greater than the
values reported by Lie et al. and Williams et al. studies
(ICC¼ 0.74 and 0.80� 0.89 respectively) [6,11].

By testing 805 children, the mTUG test scores can
be used as reference values for Saudi children aged
4–12 years. Younger children demonstrated longer
mTUG test time than older ones. The mTUG test is
highly influenced by age [24–28]. The performance

Table 2. Two-way ANOVA for the influence of age and sex in mTUG.
Source of Variation Type III sum of squares Df Mean square F Sig Partial g2

Main effect of age 186.80 7 26.69 120.08 0.00 0.52
Main effect of sex 0.95 1 0.95 4.26 0.04 0.005
Interactive effect (age� sex) 4.50 7 0.64 2.89 0.01 0.025
Error 175.34 789 0.22
Total 17661.74 805
Corrected total 373.72 804

df: degrees of freedom, F: F-value, Sig.: significant level (<0.05), g2: eta-squared.

Figure 1. The mTUG test score by age and sex.
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was significantly improved and the speed of mTUG
test increased as age progressed. This finding is con-
sistent with the previous studies [2,12,13,24].

Williams et al. conveyed that the improvement in
the child’s performance over age may be attributed to
the development in body strength and size [6].
Besides, the child’s balance improved with age; chil-
dren aged 9 and above have better balance than
younger children [29,30]. In consequence, the child’s
speed increases as age progresses [21]. Futhermore,
the child’s gait is developed towards a mature gait
with increasing the age or because of the child’s cog-
nitive functions such as concentration and attention
may play a role [20]. Therefore, the score of mTUG
test is sensitive to child’s age due to the maturation
of balance during walking [20].

The results found that sex significantly affects the
mTUG test performance. Besides, significant age� sex
interaction was noted. Overall, girls aged 6 years and
above performed better than boys. In agreement with
these results, Izkowtiz et al. reported significant non
clinically important differences between boys and girls
[13] while the Pakistani study demonstrated that boys
were significantly faster due to cultural issues, this dif-
ference could be due to wearing a chador [12].
Otherwise, the findings disagreed with the previous
studies [6,10,24] which reported non-significant infelu-
ence of sex on TUG test.

The influence of sex on mTUG performance can be
explained according to Steindl et al.’s study [31]. Their

results displayed those girls showed a greater rate of
improvement in stability until the age of 11–12 years.
Younger boys under the age of 10 years appeared to
be less mindful and agitated. Riach and Hayes and
Odenrick and Sandstedt noted that boys younger than
10 years swayed more than girls of the same age
[32,33]. Moreover, Hirabayashi and Iwasaki reported
that hyperactivity in young boys lead to delay their
rate of maturation in posture control [34].

Sex differences in balance ability have been docu-
mented earlier. Girls demonstrated higher capability to
control the direction of the centre of gravity than
boys aged 9 and 10 years old which led to greater bal-
ance ability [25]. Moreover, girls showed earlier devel-
opment of the integrated systems between their
vestibular, ocular and proprioceptive senses that make
smaller muscular reactions and results in more stable
balance than boys [35,36]. More integration of these
systems and righting response appears in boys
between the age of 15 and 16 years [25].

Similar to the previous studies, our results showed
that mTUG was significantly correlated with age,
weight, and height but not with BMI [10,13].

The predictors for TUG time were examined by
many studies. In Pakistani children, age accounted for
18% of the TUG test values [37]. In a sample of
American children when permitting self-selected walk-
ing speed, age accounted for 24.3–49% of the TUG
test values [13,24]. On the other hand, age and weight
accounted for 25% of the variation of the TUG values
in children from South Brazil, when they walked fast
during the test [10]. In Belgium, ethnicity explained
28% of the variance in TUG time for pre-schoolers
who walk fast [2]. Several authors reported that BMI
[10,13] and body height [2,10,24] did not account for
the variance in TUG time.

Interestingly, one study conducted by Nicolini-
Panisson and Donadio in 2013 established a prediction
equation to predict the value of TUG test in TD chil-
dren [10]. This study offers an equation to predict
mTUG value, where age and weight represent the pre-
dictive factors with a power of 47%. Only one study
conducted by Nicolini-Panisson and Donadio estab-
lished a prediction equation to predict the value of

Table 3. Linear regression analysis for predicting mTUG.

Model Independent variable R R2

Unstandardised coefficient Standardised coefficient

Sig.B SE b

1 (Constant) 6.27 0.07 0.00
Age 0.66 0.44 �0.20 0.01 �0.66 0.00

2 (Constant) 6.27 0.07 0.00
Age �0.25 0.01 �0.84 0.00
Weight 0.69 0.47 0.01 0.00 0.25 0.00

SE: standard error; Sig.: significant; B: unstandardised regression coefficient; b: standardised coefficient.

Figure 2. Comparison of mTUG scores measured in this study
(Saudi) with previous studies.
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TUG test in TD children. They reported that age and
weight accounted for 25% of the values of TUG in TD
children [10].

Nowadays, TUG test has been used widely for chil-
dren with or without development abnormality [21].
The most imprtant issue is the standardisation of the
procedures, which has not been fully established,
especially the type of verbal instructions [10,12] and
turning-point markers [10,12,13]. The variations in the
instructions and turning-point marker may affect the
speed of the TUG in TD children with different sexes
and ages. Recently, Bustam et al. reported that differ-
ent protocols may influence the outcome [38].

Compared to the previous studies, the children in
this study needed an average of 4.63 s to complete
the test. In literature, the time needed for children to
complete the TUG test was ranged from 4.5 s [24] to
7.19 s [2]. The variation in TUG time was due to several
adjustments in the protocols for the paediatric popula-
tion, such as walking speed, using varying verbal
instructions, and different turning-point.

The difference in mTUG scores between this study
and Belgian study (4.63 and 7.19 s respectively) can be
attributed to turning-point (grasping and transporting
task) which could slow the walking speed. In addition,
they enrolled younger children aged 3–6 years [20].
Further, in this study the scores of the mTUG were
comparable to the American study [24]. The turning-
point was the same (touching a target on the wall),
but the walking instructions were different.

Although this study and Nicolini-Panisson and
Donadio’s study [10] followed the same protocol, the
mTUG reference values varied. This may be a result of
data presentation and how the age was reported. In
this study, we reported the age chronologically (1-year
increments) while the other study described the age
as age band. Moreover, the mean of mTUG was lower
than the values reported in Pakistani (5.2 s), Australian
(5.9 s), and American (6.63 s) studies. In these studies,
the slow performance could be explained by instruc-
tion given to the child to walk in normal speed
[2,12,13,24] and the type of turning point (a tape
placed on the floor) [13].

To the best of authors’ knowledge this is the first
study conducted in SA. It was the first that used a
randomised sample method with large sample size
within each age group. Nevertheless, the study has
some limitations. It did not include children over 12
years and was performed only in one city of SA.
However, Riyadh is the first-largest city that attracts
citizens from different provinces. Since data were
gathered from different regions of the city, the results
may be valid for other Saudi children too. However,
further studies including different geographic regions
are needed. Meanwhile, it is strongly recommended
that the regression equation should be validated in
other regions of SA. Further studies including children
with different medical health conditions are recom-
mended. Finally, other possible variables that may
impact the mTUG performance for example the

Figure 3. Bland and Altman plot, of measured and predicted mTUG determined from the reference equation of Brazilian children
[10]. r2: determination-coefficient; r: correlation-coefficient; p: probability. Upper confidence interval value (CI) ¼ Mean þ1.96 SD.
Lower confidence interval value (CI) ¼ Mean � 1.96 SD.
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biological maturity, peripheral muscle strength, leg
length, cognitive status, and psychological factors
were not evaluated in this study. Thus, further studies
to evaluate the effect of these factors on the values of
mTUG are warranted.

Conclusion and clinical implications

This study establishes the reference values of mTUG
for TD Saudi children aged 4–12 years old, from the
largest city of SA. Significant influences of age, sex,
and age� sex interaction were found and significant
negative correlations between mTUG speed and age,
height, and weight were also reported. Age and
weight represent 47% of the variation of the mTUG
values which lead then to be the most significant pre-
dictors for the test. The variation in the methodology,
data presentation, and characteristics of the sample
between the current study and the previous studies
could be the reasons for the inconsistence of the TUG
test values.

The predicted mTUG values may be helpful for
comparing individual children to age-matched norms.
It helps in the evaluation of interventions for patients
with impaired functional mobility and dynamic bal-
ance. School-based physical therapists can use the
mTUG as part of their assessment to govern whether
students are functioning slower than age-matched
peers when moving between their seats and other
classroom locations.
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