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Timed motor function tests capacity in healthy

children
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ABSTRACT

Objective Motor function tests are used clinically and
in research in children, particularly in those with
neuromuscular disorders. Timed function tests are
recommended in the follow-up of patients with
neuromuscular disorders. This study was designed to
know how healthy children perform on simple timed
motor function tests.

Material and methods In a cross-sectional
observational study, 345 children aged 2—12 years,
followed at the Federal University of Rio de Janeiro's
Institute of Paediatric, were evaluated. To be eligible
they had to have acquired independent walking before
the age of 14 months, be able to cope and willing to
participate in the study. Anthropometric and vital signs
were verified, as well as contact with smokers. The
following timed motor function tests were measured:
time to rise from the floor (TRF), time to walk 10 meters
(TOMWT) and time to run 10 meters (10MRT).

Results Improvement in time to perform those motor
functions was found to occur in healthy preschool
children. Stabilisation of mean times for those motor
functions was seen thereafter: TRF of 1.2's, TOMWT of
10 s and 1T0MRT of 5.

Conclusions Walking and rising speed improve with
age in preschoolers, as expected, and is shown to occur
up to a plateau level. Our findings for the T0MWT,
10MRT and TRF are in line with those published in 2008
for the 6 minute walk test (6MWT). The motor functions
used in the present study require less time and space
than the ones in the 6MWT. They should be considered
more universally applicable. Those tests could be used in
childcare clinics as a screening for motor disorders such
as the neuromuscular diseases.

Trial registration number 1.098.302.

INTRODUCTION
Motor function tests are used clinically and in
research in children with neuromuscular diseases
among other health problems. Those tests deter-
mine the progression of the disease in the individ-
ual patient and guide the best treatment approach
on the follow-up of the disease. Regarding
research, those measures help us to understand the
natural history of the neuromuscular disorders and
are used as end points in clinical trials.'~
Standardised timed function tests are available,
and the most used ones in the neuromuscular dis-
eases are time to walk 10 meters (10MWT) or time
to run 10 meters (10MRT), 6 minute walk test
(6MWT), time to rise from the floor (TRF), time
to rise from a chair and time to climb four stairs.® ’
There are two of the aforementioned timed func-
tion tests that measure walking velocity, the

» Standardised time to perform motor functions
following measures is recommended for
patients with neuromuscular diseases.

» There are studies evaluating the 6 minute
walking test (6MWT) in healthy children.

» No normal values have been published for the
more easy timed motor function tests as the
time to walk 10 meters (10MWT), time to run
10 meters (10MRT) and time to rise from the
floor (TRF).

» We observed that in normal children the
maximum motor capacity is reached at the age
of 6 years with subsequent stabilisation until
adolescence.

» All timed motor function tests show
improvement over the years in healthy
preschool children.

» The simple motor tests might be useful as a
motor evaluation tool for development
deviations.

10MWT and the 6MWT. Of these, the last one is
of more research relevance while the first one is of
more clinical relevance.

There are studies evaluating the 6MWT in
healthy children.” '© Nevertheless, the 6MWT is
more time consuming and needs a large corridor,
with >25 m, than the 10MWT, 10MRT and the
TRE. However, no normal values have been pub-
lished for those three motor tests.! 3 ° 11714

Our aim is to measure how healthy children

perform on the simple timed motor function tests,
TRE, 10MWT and 10MRT.

PATIENTS AND METHODS

From July 2011 to July 2012, a cross-sectional
observational study was undertaken at the child
health outpatient clinics of the Institute of
Paediatrics from the Federal University of Rio de
Janeiro to measure the capacity on timed motor
function tests in children from 2 to 12 years of age.
Those children come to have their health moni-
tored and for prevention of common childhood
disorders. This is a Paediatric Unit with open access

BM]

Pereira AC, et al. Arch Dis Child 2016;101:147-151. doi:10.1136/archdischild-2014-307396

RCPCH 147


http://crossmark.crossref.org/dialog/?doi=10.1136/archdischild-2014-307396&domain=pdf&date_stamp=2015-11-13
http://adc.bmj.com
http://www.rcpch.ac.uk/

for children from the city of Rio de Janeiro. On the same day of
their visit to this unit they were invited for the present study.

Eligibility criteria were age 2-12 years, normal motor inde-
pendent walking development having achieved this ability by
the age of 14 months, without any orthopaedic, pulmonary,
cardiac or other chronic disorder, with no cognitive impairment
and willing to participate in the study.

A total of 350 children participated in this study, and the final
sample had 345 children (figure 1). We excluded two for being
unable to perform the timed motor tests (aged 2 years old) and
the rest because they were already 13 years old. The choice to
include 2 year olds in the study was due to the possibility of
testing children whose motor ability was the most recent
acquisition.

An attending room of the child health clinic with a 15 m cor-
ridor with a marked 10 m course was used for the motor tests.
All the children were tested by one of the authors (PAC) with
the help of medical school students enrolled in the scientific
programme (responsible for the notes and the demonstration to
the children).

Gender was noted clinically. Height (cm) and weight (kg)
measured, body mass index (BMI) was calculated and classified
according WHO 2006 and 2007 references for their status
(Z-score). Children were classified into BMI groups ‘healthy
weight’ (eutrophic), ‘overweight’ and ‘obese’."” Vital signs and
arterial blood pressure were measured before the motor tests,
with patient lying and relaxed, on the left arm with the appro-
priate cuff (occupying 2/3 of the arm) and classified as normal
(<P95 for child’s age, gender and height) or abnormal (>P95
for child’s age, gender and height).'® '” The second measure-
ment was taken in another visit. Also, smoking habits of those
living in the same house as the child were recorded because chil-
dren are the most susceptible for harmful effects of passive
smoke exposure and this could have an influence on functional
abilities, as described in the 6MWT!® (table 1).

The timed motor function tests were explained to the chil-
dren and their parents by one of the authors (ACP) and demon-
strated by the medical students. All tests were done with
barefoot children wearing light clothes in a calm environment
under 22-26°C. Simple stimulating verbal commands were used
during the tests. For instance, “Go!”, “Go on!” and “Go
ahead!”. Children received the explanation for each test in
advance, as well as the commands that would be given.

When a misunderstanding occurred, the test was repeated
up to three times and the best performance then registered.
Children <5 years of age have difficulty understanding the
motor tests and are less cooperative. As mentioned, only two
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Figure 1 Sample number of age 2 years=2 years to 2 years and

11 months, and the same interval for the other ages.

Table 1 Sample features for age, gender, family smoking habits
and anthropometry
Feature Variables Sample number Percentage
Gender
Female 177 51.3
Male 168 48.7
Family smoking habits
Passive 98 284
Absent 247 71.6
Anthropometry
Eutrophic 194 56.2
Overweight 78 225
Obesity 73 213
Age (years)
2 23 6.7
3 35 10.1
4 43 125
5 34 9.9
6 35 10.1
7 32 9.3
8 33 9.6
9 45 13.0
0 27 7.8
1" 21 6.1
12 17 4.9

children did not perform all tests and were therefore excluded

from the study. Another six children (age 2-5) performed two

out of three tests, and their obtained measures were consid-
ered in the results. The description of the motor tests
follows:

1. TRF: The time in seconds taken to stand up from seated on
floor to a straight standing position without help.

2. The children were placed in a seated position with their legs
flexed and arms on their side. On the command “One, two,
three and Go” the child should start, as well as the stop-
watch, when saying “Go”. The timer was stopped when the
children assumed an upright position with their arms by
their side.

3. 10MWT: The time in seconds for the child to walk barefoot
and without any help the marked distance of 10 m. This
should be done in a normal pacing walking (like walking in
a shopping mall). The stopwatch was pressed when saying
“Go”. Continuously encouraged the children until they
crossed the finish line and stopped the timer when the
second foot came across the finish line.

4. 10MRT: The same as above but as fast as possible (running
as if the child were after a ball). Started the stopwatch when
saying “Go”. Continuously encouraged the children until
they crossed the finish line and stopped the timer when the
second foot came across the finish line.

5. In all timed tests, a stopwatch was used and measurements
recorded to 1/100th of a second. Data were stored on for-
mularies and inserted on electronic file (Microsoft Office
Excel V2007) right after collection. Data were analysed for
mean values with SD and presented in tables and graphs.
Since the dispersion graph had a normal presentation, t test
was used for statistical analyses (significant if <0.05) com-
paring for gender, family smoking habits (yes or no) and
obesity (obese and not obese).
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Table 2 Mean time of motor function tests according to age

Age (years)

Motor tests (s) 2 3 4 5 6 7 8 9 10 1" 12
TRF

Maximum 2.32 2.57 2.78 1.54 1.87 1.53 2.03 1.74 1.8 1.52 1.77
Minimum 1.05 0.69 0.8 0.72 0.47 0.83 0.71 0.82 0.74 0.62 0.81
Mean 1.7 1.63 1.79 1.13 1.17 1.18 1.37 1.28 1.27 1.07 1.29
SD 0.62 0.94 0.99 0.41 0.7 0.35 0.66 0.46 0.53 0.45 0.48
10MWT

Maximum 15.2 13.91 13.46 12.12 12.47 1.9 11.79 12.03 12.35 10.83 11.05
Minimum 11.08 10.19 8.68 8.58 7.75 7.8 8.11 7.79 8.63 7.81 7.79
Mean 13.14 12.05 11.07 10.35 10.11 9.85 9.95 9.91 10.49 9.32 9.42
SD 2.06 1.86 2.39 1.77 2.36 2.05 1.84 2.12 1.86 1.51 1.63
10MRT

Maximum 9.43 7.99 7.38 6.3 5.63 5.47 5.53 5.48 5.39 5.44 5.6
Minimum 6.47 5.79 4.98 4.46 4.35 4.25 423 4.08 4.05 3.82 418
Mean 7.95 6.89 6.18 5.38 4.99 4.86 4.88 4.78 4.72 4.63 4.89
SD 1.48 1.1 1.2 0.92 0.64 0.61 0.65 0.7 0.67 0.81 0.71
BMI (mean) 16.28 16.68 17.33 16.52 16.78 17.43 17.96 18.82 19.53 18.68 20.14
SD 1.70 1.75 2.69 2.07 2.19 2.33 2.7 3.45 2.93 2.58 3.50

10MRT, time to run 10 meters; 10MWT, time to walk 10 meters; BMI, body mass index; TRF, time to rise from the floor.

RESULTS

A total of 345 healthy children, almost equally represent by
gender (51.3% of females) aged 2-12 years, had their motor
capacity measured using the 10MWT, 10MRT and TRFE. Most
of them were of normal weight (56.29%), but some were over-
weight (22.5%) and obese (21.3%). Most came from homes
free of tobacco (71.6%). Sixteen children had a first arterial
blood pressure measure above the 95th centile for age, gender
and height. Nonetheless, on a second measure during another
routine child health care visit, eight had a normal second
measure.

The mean time for each of the motor function tests, accord-
ing to each age, is shown in table 2. Figures 2—4 show the evolu-
tion of the capacity.

The TRF declines up to the age of 5 years and remains below
1.5 s from there on (figure 2).

The 10MWT also decreases with age, from 13 s to 10 or
below after the age of 6 years (figure 3).

The 10MRT also decreases with age to below 5 s after the age
of 6 years (figure 4).

T test was applied to evaluate the independent variables. As a
whole, no significant difference was found among gender in
general. However, boys tend to have a better capacity in the
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Figure 2 Mean of time to rise from the floor and SD.

older age groups. Only for those aged 7, 10 and 11 years a stat-
istical significant value has been found (p=0.032, 0.011 and
0.006, respectively). For obese children (Z-score >+3),
10MWT and 10MRT did not differ significantly, but the TRF
was significantly lower in this subgroup (p=0.0024). Finally, no
significant difference was found in those tests whether there
were tobacco users in the children’s home or not.

DISCUSSION
The present study has shown that healthy children from the age
of 2 years reduce the time taken to perform motor function
tests until they reach a plateau at the age of 6 years. This finding
does agree with what should be expected regarding motor
development.

Variability as shown by SD is in general similar among age
groups for TRF (except for 3 and 4 year olds), and T0OMWT. As
for T0MRT, there is a less variability from age 2 to 5. This
might be explained by better motor capacity or better
comprehension.

The variability as shown in table 2 by SD on each age for
each test shows that only in 1T0MRT does a clear decrement on
variability occur before the age of 6 years. Lifting from the floor
is the function test most related to pelvic girdle motor strength,

Mean of Timed 10 Meter Walk
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Figure 3 Mean time to walk 10 meters and SD.
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Figure 4 Mean time to run 10 meters and SD.

and this test does not show greater SD before the age of 6 years.
Running requires not only greater strength but also better col-
laboration. Therefore, for the 10MRT both motor development
and collaboration can explain our findings.

Our findings for the 10MWT, 10MRT and TRF are in line
with those published in 2008 for the 6MWT.*® For children
aged 4-11 years, the 6MWT reached a plateau at the age of
7 after a gradual increase of the distance walked from the age
4-6 years in this test. Therefore, they had a better capacity, as
also shown in our sample up to the age of 6 on 10MWT,
10MRT and TRE Thus, those objective motor tests show
similar behaviour regarding the developmental aspect. Since the
10MWT, 1T0MRT and TREF require less time and space, they also
are less influenced to motivational aspects and should be consid-
ered more universally applicable.

In our study, the T0MRT had the least variability (SD 0.61-
1.48) for the whole sample regardless of the age. In comparison
to the 10MWT, a greater homogeneity for running could be
explained because of maximal motor function requirement in
this task. Step distance and speed can vary on walking, more
than on running, and this could justify more variability on
10MWT than on 10MRT.

As for the TRF the very short timespan for this test could be
responsible for the greater variability observed, particularly for
the preschool children. The accuracy of the manual chronom-
eter may be a limiting factor. To analyse the influence of time
measure, a photoelectric equipment could be used in future
studies comparing the times with that of a manual chronometer.

The peak motor capacity in the present timed motor function
tests reflects what is already known for the general motor devel-
opment. Gross motor function is already achieved in early pre-
school age, but all general motor tasks are better performed
with age. Kakebeeke and collaborators, in 2013, studied the
hopping ability of children. The children aged 3 years were
unable to hop more than three times on one leg, but those
>S5 years were able to do it."?

On timed tests, Denckla in 1973 and 1994 had shown that
speed of tasks was slower in younger children and gradually
improved up to the age of 8-10 years of age. There are age-
specific fine motor abilities, as the ones found for repetitive,
alternating, sequenced movements.>°

We have found that the mean time for the motor function
tests from the age of 6 years remained stable up to the age of 12
and their values were as follows: TRF of 1.2 s, 10MWT of 10 s
and 10MRT of 5 s. As such, those times could be a reference for
the motor development evaluation and for the follow-up of
children with neuromuscular disease as the two most common
of them, Duchenne muscular dystrophy and spinal muscular
atrophy. In these two progressive disorders, natural history

studies show that children’s capacity in the motor function tests
gets worse over time.>! Treatment modalities can be followed
better with objective measures and those function tests have
been main end points in the research in current clinical studies.
There is also a possibility that those tests might in the early
stage of those diseases show a difference that could help the
clinicians and other health professions to screen for children
with motor development deviations. Those three tests are easy
to undertake and require less resources and space compared
with the 6MWT. Furthermore, although the ability to rise from
the floor is usually lost sooner than that to ambulate in neuro-
muscular diseases, the ability to walk 10 m is expected to be lost
later than that to walk for 6 min. The 6MWT measured the dis-
tance a patient can walk over a 6 min period, usually including
cardiac and pulmonary measurement. Used for prognosis, diag-
nosis and response to therapy, this motor test is more difficult to
be concluded in neuromuscular disease patients. When neuro-
muscular patients lose their walking ability, all those tests cannot
be used and should be changed to measure of other functions.
Nevertheless, it is probable that losing the ability to walk during
6 min should be lost before the ability to walk 10 m.

Our sample, a hospital-based one, but within from a healthy
group of children attending the outpatient department, showed
that preschool children seem not to have a difference in motor
capacity when gender is compared; obese children tend to have
a worse capacity; and family members’ smoking habits seem not
to affect test results. It is important to mention that this study
was not designed to prove or not differences on those variables,
which were only explored in the present study for their theoret-
ical or shown influence in other motor function tests.

A gender difference in motor capacity can be expected in
older children, as it is as well in longer motor tests.”’ >* We
only found a significant difference in the 10MRT above the age
of 7 years, with shorter time for the boys. The male hormones
are known to influence muscle mass and height; this effect is
apparent as puberty approaches.”” ** Others, although using the
6MWT, did not find a difference in gender in younger age
groups either.!”

In our sample, we had 43.8% overweight and obese children
(22.5% of overweight and 21.3% of obese); this distribution
reflects recent national survey findings for weight classification.
In 2008-2009, excess weight reached 33.5% (males 34.8% and
females 32%) and obesity reached 14.2% (males 16.6% and
females 11.8%) of children aged 5-9 years of the Brazilian
population (Brazilian Institute of Geography and Statistics).
Excess weight is associated with less motivation to participate in
active motor tasks.>* Weight is a variable related to final distance
and walking speed on the 6MWT.'? 22 2* QOnly a slight signifi-
cance was found in our sample when comparing the capacity on
the TOMWT in normal weight group with those with Z-score >
+1 (p=0.046) or those with Z-score >+2 (p=0.027). We had
only a small number of children with a Z-score >3 (11), and in
those no significant difference was found (p=0.47). Therefore,
we suggest that weight influence in this motor test should be
further studied in the future.

In our sample, exposure to tobacco did not affect the motor
function tests. Tobacco exposure from one or both parents has
been shown to have a negative influence on the 6MWT
result.’® #> We did not find any difference in our sample. Lack
of tobacco exposure influence on these timed tests might be
explained because they are shorter than the 6MWT. There are
no previous studies investigating this issue. We did not take into
account the load of tobacco exposure, number of daily exposure
hours and if in a closed or an open window environment.
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CONCLUSION

In healthy children, a faster capacity in timed motor tests is
found from the age of 2 to the age of 6 years with subsequent
stabilisation during the following years up to the age of 12. This
probably reflects normal development.

The 10MWT, 10MRT and TRF used in the present study are
quick motor function tests (take from 2 to 10 s), and this may be a
reason for very little or no influence of gender, weight and
tobacco exposure. Those tests could be used in future studies to
measure their sensibility and specificity to evaluate them as screen-
ing tool for motor disorders such as the neuromuscular diseases.

Twitter Follow Aline Pereira at @Aline Chacon
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