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The literature review aimed to analyze studies assessing the
motor abilities of children with attention deficit hyperactivity
disorder (ADHD) using the Bruininks-Oseretsky Test of Motor
Proficiency (BOTMP). The PubMed, OVID, Cochrane, and
PEDro databases were searched for relevant articles published
between February 2003 and September 2021. Despite the
retrieval of limited studies, most included in this review were of
fair to good quality. The diagnostic criteria for ADHD adhered
to Diagnostic and Statistical Manual of Mental Disorders
standards. The BOTMP has been used diversely in various
countries, has been translated into various languages, is admini-
stered by various qualified medical professionals on children
with variants of ADHD, with the long form of the tool used
more widely than its short form. The motor performance
of children with ADHD was better than that of children with
other developmental disorders, but children with ADHD
underperformed compared to their age-matched typically de-
veloping peers. Although the BOTMP tool has been widely
used to evaluate the motor performance of children with
various disabilities, our understanding of the motor repertoire
of children with ADHD is inadequate. Future research can aim
to use the BOTMP to better understand the motor repertoire of
children with ADHD to aid their overall rehabilitation.
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Key message

* Children with attention deficit hyperactivity disorder (ADHD)
tend to have impaired motor performance that may affect
their growth and development.

* Although widely used among children with developmental
disorders, the Bruininks-Oseretsky Test of Motor Proficiency
(BOTMP) is used sparsely among children with ADHD.

* Assessment by the BOTMP increases our understanding of the
motor repertoire of children with ADHD.

* Wider usage of the BOTMP will enable more comprehensive
planning of rehabilitation goals to enhance the motor abilities
of children with ADHD.

Introduction

Attention deficit hyperactivity disorder (ADHD) is abehavioral
disorder characterized by impaired cognition, impulsivity, a
short attention span, excitability, irritability, fidgeting behavior,
persistent repetition of words, lacking ability to express oneself,
etc.!? ADHD is a chronic condition that manifests in childhood
and persists into adulthood unless detected early. Children with
ADHD tend to have delayed motor development compared to
their peers.” The worldwide prevalence of ADHD is estimated
at 2.29% in adolescents less than 18 years of age."”

Children with ADHD are categorized as follows: ADHD with
inattentiveness (ADHD I); ADHD with hyperactivity (ADHD-
H); and combined type (ADHD-C), which most affected
children tend to have.? Children with ADHD may also have
developmental coordination disorder (DCD); in fact, there is an
estimated 50% overlap between the 2 disorders.>* This overlap
results into a superimposition of symptoms that leads to motor
weakness. According to the American Psychiatric Association,
DCD is a lack of coordination between one’s mental intentions
and the body’s ability to perform them.” Whether the impaired
motor performance of children with ADHD is due to the un-
derlying comorbidity of DCD or independent occurrence of
ADHD remains unclear. DCD symptoms like coordination and
balance issues interfere with an individual’s daily life, involve
constant tripping and falling, impact leisure and play, and usually
appear in the early developmental stages.>* Moreover, children
with ADHD also commonly have various neurodevelopmental,
behavioral, and learning disorders such as autism spectrum
disorder (ASD), sensory processing disorders, reading disability
(RD), oppositional defiance disorder (ODD), and dyslexia.
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The BOTMP is a commonly
used tool to assess motor
abilities of children with
various neurodevelopmental
disorders.

The review aimed to
systematically analyze
studies assessing motor
abilities of children with
ADHD using the BOTMP.

Studies assessing motor abilities
of children with ADHD in
comparison with children having
other behavioural disorders and
typically developing children -
using various versions of BOTMP
was analyzed.

Wider application of the
BOTMP tool needs to be
considered to have a better
understanding of the motor
repertoire of children with
ADHD.

Although, BOTMP has been
used extensively for
evaluating motor
performance of children with
various disabilities, it has
been under-utilized among
children with ADHD.

Despite limited literature,
children with ADHD have
impaired motor performance
when compared to typically
developing children.

Graphical abstract. BOTMP, Bruininks-Oseretsky Test of Motor Proficiency; ADHD, attention deficit hyperactivity disorder.

Learning disorders often go unnoticed due to the hyperactivity
noted during the crucial developmental years.”

The literature states that the motor performance of children
with ADHD-H was better than those of the other 2 categories.”)
This was purely found using assessments other than the Bruininks-
Oseretsky Test of Motor Proficiency (BOTMP).® Causes of
poor motor skills in children with ADHD can be related to
various hypotheses: (1) Associated comorbidities in children with
ADHD can superimpose motor deficits; (2) Deficits in motor
performance are primarily due to impaired attention and focus;
and (3) These children have a lack of inhibition that accounts for
adelayed development of motor skills.?

The persistent inefficiency of children with ADHD at perfor-
ming activities of daily living due to their motor dysfunction has
led to the need for motor assessment tools and assessments of
their overall motor performance to comprehensively understand
their motor abilities.” Several standardized tools have been
used to assess the motor performance of children with ADHD,
namely the Motor Assessment Battery for Children (MABC),
Peabody Developmental Motor Scales, and BOTMPR® These
tools have been preferred over others because of their good
psychometric properties, clear and simple explanation, wide age
range, inclusion of subtests that thoroughly assess overall motor
proficiency, and detailed scoring.®

Among these tools, the BOTMP comprehensively assesses the
motor abilities of children with all developmental disorders.®
Since the motor performance of children with ADHD has not
been adequately explored using the BOTMP as an outcome
measure, an assessment of the extent of its usage among children
with ADHD. Therefore, here we aimed to examine usage of the
BOTMP to assess the motor abilities of children with ADHD.

Methods

1. Search strategy

We searched the PubMed, Cochrane, OVID, and PEDro
databases for relevant articles published between February 2003
and September 2021. The keywords used are given in Supple-
mentary Table 1. An additional search performed for unpublished
data yielded no results.

2. Study selection and eligibility criteria

After the removal of duplicates from the records obtained
from all 4 databases, all retrieved articles were subjected to title
and abstract screening, followed by full-text screening based on
the eligibility criteria. Studies were included in the review if they
met the following criteria: inclusion of children diagnosed with
ADHD by Diagnostic and Statistical Manual of Mental Disorders
(DSM) criteria or American Psychiatric Association criteria by a
pediatrician; use of one or more components of the BOTMP/
BOT-2; participants aged 4-21 years; comorbid DCD, ODD, or
destructive behavioral disorder (DBD); inclusion of all variants
of ADHD; and observational or interventional study design of
children with ADHD published until September 2021. Studies
were excluded if they did not include children with ADHD or
use the BOTMP as the outcome measure. The title and abstract
and full-text screenings were performed independently by 2
reviewers, wherein any discrepancies were discussed with a third
reviewer until consensus was reached.

3. Data extraction

The data extraction process was performed independently by
2 reviewers and cross-checked by the third reviewer in cases of
discrepancies. Information extracted from the studies included:
publication details, author names, year of publication, study
design, BOTMP/BOT-2 long form (LF)/short form (SF)/any
subtest used, other scales used if any to measure motor perfor-
mance, ADHD type, participant ages, diagnostic criteria for
ADHD, results of motor outcome measures including BOTMP/
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Table 1. General characteristics of the studies

Diagnostic ~ Age

Study Country criteria o Sample size Children other than ADHD Type of tool
Rigby et al,"” USA DSM-5 5-16  ADHD, 9; total, 31; neurodevelopmental disorders, 16 Autism spectrum disorder, learn- BOT-2 SF
2020 ing disability, motor delay
Mancinietal,' Australia  DSM-5  6-14 Boys, 78; girls, 6; total, 84 None BOT-2 LF and
2020 BOT-2 SF
Caketal,® Turkey DSM-4 8-11 ADHD, 38; controls, 20; total, 58 Age and gender matched con- BOTMP LF
2018 trols
Soleimani et Iran DSM-4 6-12 Boys, 11; girls, 5; total, 16 None BOT-2 SF
al,?? 2017
Van Damme et  Belgium DSM-4 12-18 Oppositional defiant disorder, 36; disruptive conduct Disruptive behavior disorder, age BOT-2 LF
al,'® 2015 disorder, 63; behavior disorder, 99; disruptive  and gender matched controls
behavior disorder and ADHD, 53; disruptive behavior
disorder-ADHD, 46; controls, 87
Jangetal,' Korea DSM-4  6-13 Boys, 17; girl, 1; total, 18 None BOT-2 LF
2015
Mao et al,” Taiwan DSM-4 6-12 Boys, 18; girls, 2; total, 20; controls, 20 Age and gender matched con- BOTMP
2014 trols balance
subtest
Poblano et al,?? Mexico DSM-4 7-12  ADHD, 19; boys, 16; girls, 3; contrals, 19 Age and gender matched con- BOTMP LF
2014 trols
Gharebaghy et Iran  Pediatrician 7-12 Boys, 5; girl, 1; total, 6 None BOTMP LF
al,V 2014
Choetal,” Korea DSM-4 Boys, 51; girls, 7; total, 58; controls, 70; boys, 56; girls, Age and gender matched con- BOT-2 LF
2013 14 trols
Tsengetal,?”  Taiwan DSM 6-11  Boys, 36; girls, 6; total, 42; controls, 42 None BOTMP LF
2004
Dewey et al,"  Canada DSM-4 5-18 Autism spectrum disorder, 49; coordination disorder, Autism spectrum disorders, de- BOTMP SF
2007 46, development coordination disorder and ADHD,  velopmental coordination dis-
38; ADHD, 27 controls, 78 order, age and gender matched
controls
Kooistraetal,” Canada DSM-3 8-16 ADHD,29; reading disability, 63; ADHD and reading Reading disability, oppositional BOTMP LF
2005 disability, 47; ADHD and oppositional defiant disorder, ~ defiant disorder, age and
19; oppositional defiant disorder, 21; controls, 112 gender matched controls
Deweyetal,'® Australia  DSM-3 8-16 Reading disability, 60; boys, 39; girls, 19; ADHD, 49; Reading disability BOTMP SF
2003 boys, 44; girls, 5; ADHD and reading disability, 50;

boys, 38; girls, 12

DSM, Diagnostic and Statistical Manual of Mental Disorders; ADHD, attention deficit hyperactivity disorder; BOTMP, Bruininks-Oseretsky Test of Motor
Proficiency; SF, short form; LF, long form; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency Second Edition.

BOT-2, sample size, participant sex, and inclusion of children
without ADHD or typically developing children.

4, Quality assessment of included studies

Although the included studies had different study designs,
most were cross-sectional observational studies. The Downs
and Black Quality Assessment checklist and the National Heart,
Lung, and Blood Institute (NTH) tool, which enable the objective
assessment of all components of various study designs, were used
to evaluate all of the included studies. Two reviewers separately
performed the quality assessments, and discrepancies were
resolved by discussion until consensus was reached.

Results

1. Description of studies
The literature search identified 86 studies, of which 14 met the

eligibility criteria (Fig. 1). The included studies were published
between February 2003 and September 2021 and conducted
in Canada, Australia, Iran, Korea, Turkey, Mexico, Taiwan, the
USA, and Belgium. The studies used various study designs i.e.
cross-sectional observational (n=10), interventional (n=3), and
randomized controlled trial (RCT; n=1). General characteristics
of the studies such as ADHD, participant age and sex, the
inclusion of children without ADHD, and assessment tool type
used (LF or SF of the BOTMP/BOT-2) are described in Table 1.

2. Quality assessment

According to the Downs and Black Quality Assessment tool
(Table 2), 5 studies included in this review were of good quality, 8
were of fair quality, and 1 was of poor quality. The 5 good quality
studies scored fairly well in all components of the Downs and
Black Quality Assessment, mentioning adequate information
about the methods, sampling, blinding, and results. Eight studies
with fair quality scored well in the reporting, internal, and
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart.

Table 2. Downs and Black Quality Assessment of the included studies

Study Reporting (10) External validity (3) Internal validity (7) Confounding (6) Power (2)
Rigby et al.,"” 2020 9 1 6 3 2
Mancini et al,," 2020 7 2 5 2 0
Caketal.,” 2018 9 0 5 3 0
Soleimani et al.?? 2017 9 1 7 5 2
Damme et al.,'® 2015 8 3 5 2 2
Jangetal,'¥ 2015 8 1 5 3 0
Mao et al.,” 2014 7 1 5 3 0
Poblano et al.,?” 2014 6 0 5 2 0
Gharebaghy et al.,” 2014 6 1 6 3 0
Choetal,? 2013 8 0 5 2 0
Dewey et al.,'” 2007 6 1 6 1 0
Kooistra et al.? 2005 7 3 6 4 0
Tseng et al,?” 2004 8 2 5 3 0
Dewey et al.,'® 2003 8 3 7 4 0

external validity components and scored low in confounding and
power components. The other study scored well in the internal
and external validity components but not well in other compo-
nents of the Downs and Black Quality Assessment, displaying an
overall poor performance on the quality assessment. According
to the NIH quality assessment (Table 3), 7 studies were rated
as good and the rest were rated as fair. Studies were rated fair
overall as their sample sizes were not sufficiently large to provide
confidence in their findings, and blinding was not adequately
reported. Studies that were graded as good justified their sample
size calculations and blinding.

3. Countries

The included studies were conducted in Canada (n=2),
Australia (n=2), Iran (n=2), Korea (n=2), Turkey (n=1),
Mexico (n=1), Taiwan (n=2), USA (n=1), and Belgium (n=1).

4, Diagnostic criteria

All studies mentioned their criteria of including children
diagnosed with ADHD by the DSM American Psychiatric
Association third, fourth, and fifth editions except for one study
that included children diagnosed with ADHD by a pediatrician.”)

5. Ageand sex

Studies included participants aged 5-18 years of age. The
performance of children with ADHD was not at par with their
age-matched normative values given in the BOTMP*$1” None
of the studies mentioned age-wise differences in motor perfor-
mance of children with ADHD as described in the BOTMP and
BOT-2 manual. All studies generalized the motor proficiency
results of all children with ADHD irrespective of age.

Almost all studies included participants of both sexes except
one, which included only boys.!” Fewer girls than boys were
included in the studies, and none of the studies reported sex-
based differences in the motor performance of children with
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ADHD. No studies compared the motor performance of typically
developing versus ADHD group girls.

6. Samplesize

The sample sizes of the included studies varied by study design,
with observational studies recruiting a greater number of parti-
cipants than interventional studies. Overall, fewer female than
male participants were included.

7. Children other than ADHD

Few studies compared the motor abilities of children with
ADHD with those of children with other developmental and
behavioral disorders such as DBD, ODD, CD,'? ASD, DCD, !V
and RD'>'® and typically developing children.'® Another study
assessed cognitive and motor abilities of children with ADHD
with children with RD.'>'8) All studies reported that children
with ADHD showed better motor performance than children
with other behavioral disorders but not when compared
with typically developing children.!®'>!¥) Moreover, motor
impairment in ADHD increased as a function of co-occurring
disorders.'?

Studies that recruited children with ADHD who were under
medicines ensured that children with ADHD were not on
stimulant medications at least 2-3 days before administering
the BOTMP to avoid any risk of bias on motor performance of
participants.10.11,13-16,19)

8. ADHD type

Most studies did not mention ADHD type of the children that
they recruited. According to DSM criteria, children with ADHD
are classified into the following subtypes: ADHD-I (impulsive),
ADHD-H (hyperactive), and ADHD-C (combined).!'® Three
studies specifically mentioned including children with ADHD
type C, while the remaining 11 studies included children diag:

Table 3. NIH quality assessment of studies

nosed with ADHD without specifying type.*%1")

9. Study designs

None of the included studies blinded the assessors or children
before conducting the test; however, some randomly allocated
the children into groups and blinded the parents, assessors, and
participants. Some studies blinded only the study participants,
121417) whereas other studies blinded only the assessors.!>1%17)
Studies also mentioned that all assessors were experienced in
conducting BOTMP tests, which took 45-60 minutes to com-
plete 58121517

The RCT compared the motor proficiencies of children with
ADHD pre- and postintervention with methylphenidate (0.25,
0.5, 1 mg/kg/day) and showed better motor performance after
1 week of treatment. An intervention study that compared the
effect of cognitive intervention for 12 weeks resulted in greater
improvement in the functional abilities of participants postinter-
vention.”)

A cross-sectional observational study that used the balance
component mentioned that children with ADHD type C had less
consistent movement patterns and that the static and dynamic
balance ability skill levels in ADHD group were not as high as
those in the control group.' Another cross-sectional observa-
tional study that compared the motor performance of ADHD
type I, ADHD type H, and ADHD type C with age- and sex-
matched controls found differences in dynamic hand coordina-
tion between controls and children with ADHD type C, dynamic
general coordination between controls and ADHD type H, and
in frequency of synkinetic movements between controls and
children with ADHD type H. Children with ADHD and severe
hyperactivity showed a greater frequency of motor alterations.'®

Another interventional study assessed children with ADHD §
times using BOT-2 SF during a 32-week equine-assisted activity
and brain-building program and reported significant impro-

Questions
Study designs
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14

Rigby et al.,'” 2020 Y Y Y Y N Y Y N Y Y N Y - -
Mancini et al.,"® 2020 Y N Y N N N N NA Y N Y N Y N
Caketal,? 2018 Y Y Y Y N N N NA Y N Y Y Y N
Damme et al,'? 2015 Y Y Y N N N N NA N N Y N Y N
Mao et al.” 2014 Y Y Y Y N N N NA N N Y N Y N
Poblano et al.?? 2014 Y Y Y Y N N N NA N N Y N Y N
Choetal,” 2013 Y Y Y Y N N N NA N N Y N Y N
Dewey et al,'" 2007 Y Y Y Y N N N NA N N Y Y Y Y
Kooistra et al. 2 2005 Y Y Y N Y N N NA N N Y Y Y N
Tseng et al., 2" 2004 Y Y Y Y N N N NA N N Y N Y %
Dewey et al,'® 2003 Y Y Y Y Y N N NA N N Y Y Y Y
Jangetal,"2015% Y Y Y Y N Y Y Y Y Y Y Y - -
Gharebaghy etal,” 2014 Y Y Y Y N Y Y Y Y Y N NA
Soleimanietal,??2017? Y Y Y Y Y Y Y Y Y N Y N Y N

NIH, National Heart, Lung, and Blood Institute; Y, yes; N, no; NA, not applicable.

Interventional study.

www.e-cep.org

https://doi.org/10.3345/cep.2021.00962 516


https://doi.org/10.3345/cep.2021.00962

vement in the subtest scores of manual dexterity, upper limb
coordination, and strength.2?

10. Use of BOTMP/BOT-2

Most of the studies that used the BOTMP as their outcome
measure preferred using the LF version (Table 4). Two studies
used the BOT-2 SF because of time constraints,'”?? and other
studies used the BOTMP SE.!>'®) A study used the LF and SF of
the BOT-2,% while a few studies used only the BOT-2 LE*1%13
few other studies used the BOTMP LE?2°41416.19) and one used
only the balance subtest of the BOTMPR!®

The motor performance of children with ADHD varied across
regions where the study was performed. Children from regions
of Iran and Korea showed lower performance on motor skills
domains than children from regions of Canada, Turkey, and
Taiwan (Table 5).5%1L13-1517.19) According to the total motor
composite scores, children with ADHD from one part of Australia
displayed lower motor performance than children with ADHD
from another part of Australia (Table 5).1V

Few studies used other motor assessment tools along with

Table 4. Included studies by assessment tool
Study Year BOTMP/BOT-2

Rigby et al.,'” 2020 2020 BOT-2 SF
Mancini et al.,"® 2020 2019 BOT-2 LF AND SF
Cak etal,” 2018 2018 BOTMP LF
Soleimani et al. 2 2017 2017 BOT-2 SF
Damme et al,'? 2015 2015 BOT-2 LF
Jangetal,™ 2015 2015 BOT-2 LF
Maoetal,” 2014 2014 BOTMP BALANCE SUBTEST
Poblano et al.? 2014 2014 BOTMP LF
Gharebaghy et al.” 2014 2014 BOTMP LF
Choetal,? 2013 2013 BOT-2 LF
Dewey et al,,'" 2007 2007 BOTMP SF
Kooistra et aI.,z) 2005 2005 BOTMP LF
Tseng et al., 2" 2004 2004 BOTMP LF
Dewey et al,'® 2003 2003 BOTMP SF

BOTMP, Bruininks-Oseretsky Test of Motor Proficiency; BOT-2, Bruininks-
Oseretsky Test of Motor Proficiency Second Edition; LF, long form; SF, short
form.

Table 5. Total motor composite scores of children with ADHD

BOTMP/BOT-2 motor composite score

Study :
Mean+SD Median (IQR)
Mancini et al.,"® 2020 40.55£8.55 -
Caketal,® 2018 - 52 (36-70)
Jangetal,™ 2015 40.53+6.83 -
Choetal,” 2013 43.12+8.37 -
Dewey et al,,'” 2007 59.80+1.20 -
Kooistra et al..?) 2005 51.9048.40 -
Tseng et al., 2" 2004 52.62+12.69 -
Dewey et al,,'® 2003 55.58+10.99 -

ADHD, attention deficit hyperactivity disorder; BOTMP, Bruininks-Oseretsky
Test of Motor Proficiency; BOT-2, Bruininks-Oseretsky Test of Motor
Proficiency Second Edition; SD, standard deviation; IQR, interquartile range.

the BOTMP Another used the MABC to compare the balance
of typically developing children with that of children with
ADHD and reported similar performances across both tools,
with typically developing children performing better than those
with ADHD.' Another study used the Canadian Occupational
Performance Measure and the BOTMP to assess goal-oriented
motor performance (cognitive orientation and daily occupational
performance) before and after intervention in children with
ADHD.”

11. Tool administration

The tool was administered by different professionals according
to the guidelines of each.?! All studies had assessors from varied
medical backgrounds administering the tool, i.e., occupational
therapists,'>!31418:19) physical therapists,'*!'”) psychiatric thera:
pists, '? and a psychomotor therapist.'” Some of the studies did
not specify who administered the tool.

12, Motor composite scores of children with ADHD

Motor composite score is the total score of all activities assessed
by the BOTMP tool.” The normal range is within confidence
interval of 40%0-60%.% Children with scores beyond this range
are categorized at risk of having motor impairments.® The motor
composite scores of various studies of children with ADHD
(Table 5) were 40.55-59.8, which implies that there were
varying levels of motor performance of children with ADHD in
the different regions. As all studies utilized the LF or SF of the
BOTMP or BOT-2, motor composite scores varied, while most
studies did not mention motor composite scores,»$>11-15:17.19) A
few studies reported a low motor performance of children with
ADHD,**13:17) while the other studies reported better motor
performance of children with ADHD.%11:12,14.19)

Discussion

This literature review examined the extent of BOTMP used
in studies of children with ADHD. We aimed to methodically
compile the extent of BOTMP usage in children with ADHD
by exploring various aspects like countries in which the tool was
administered, various set-ups in which it was used, the motor
performance of children with ADHD according to the tool, and
qualification of people eligible to administer the tool.

1. Tools assessing motor proficiency in children with ADHD

A study that used the MABC to assess balance reported the
same performance of children with ADHD. This study did not
mention the reason it used 2 motor assessment tools.'> Contrary
to other motor skill tests, such as the BOTME, which measures a
child’s strengths and weaknesses over a wide range of skills, the
MABC is restricted to movement skills of a specific age range.®

The BOTMP has a few tests with time limits, a few that
demand physical exercise and strength, and a few that demand
concentration on the task completion for a short time span. This
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demands the child to accommodate their cognitive level, agility,
and concentration per the exercise or task performed. This will
be challenging for children with ADHD as they will have to
focus appropriately to perform to the best of their ability, which
might not be the case for other tools. BOTMP also offers practice
and repeated trials, giving them a chance for improvement in
subsequent trial. These features enhanced the tool’s usage in
children with neurodevelopmental disorders, especially those
with ADHD.

The preference of BOTMP for assessing the motor proficiency
of children with ADHD could be due to its wider age range and
thorough applicability of subtests in all areas of childhood neuro-
logical developmental disorders. Knowing the ADHD nature of
these children, they thoroughly enjoyed the BOTMP assessment
process. Moreover, the individual raw and total subtest scores
provided a thorough clinical representation of their motor
deficits, which helps therapists plan effective treatment strategies.

2.BOTMP/BOT-2

The BOTMP has good inter-rater reliability (0.92-0.99),
moderate test retest reliability (0.69-0.8), moderate construct
validity (0.56-0.86), and moderate criterion validity (0.45-
0.75).2 The tool had 46 test items and was upgraded to BOT-
2, having 53 test items. The BOT-2 has 8 subtests that cover all
areas of motor development; fine motor precision (7 items), fine
motor integration (8 items), manual dexterity (5 items), bilateral
coordination (7 items), balance (9 items), running speed and
agility (5 items), upper limb coordination (7 items), and strength
(5 items).”

The tool has been standardized only in the United States,” one
province of Canada,® and Hong Kong.®) Moreover, it has also
been translated into regional languages in Iran, Turkey, Spain,
and others.®2%

3. Quality assessment of the included studies

Of the 14 studies, 8 had a fair score that did not consider the
effect of confounding variables on the results and did not ela-
borate on how sample size was calculated; they simply stated
their sample size and grades (Table 2). One study showed poor
performance on the quality analysis because it lost points for not
reporting the study’s power; it did not mention all of the details
about estimates of random variability in the data for main out
comes and did not clearly mention the main study findings.
Opverall, the quality of the included studies was fair, which was
primarily attributed to the missing details.

4, Characteristics of the included studies

The BOTMP was used to assess various conditions such as
ADHD, DCD,"'” disruptive behavior disorder,!® ASD,'-20)
RD,12‘14’18) and ODD_lZ)

The tool has been used across both observational and interven-
tional studies. Observational studies used it at one point in time,
while intervention studies used it multiple times.*%10:12:14-16,19)
It was used twice in one of the intervention studies to assess the

differences between pre- and postintervention changes on the
motor performance of children with ADHD."'® One of the inter-
vention studies reported using it 6 times over the intervention
phase to track changes in motor performance weekly postin-
tervention.”) Another study used the SF of the tool 5 times during
the 32-week intervention to track changes in motor performance.
20 The RCT reported having assessed motor performance thrice
using the tool (at baseline, during the trial phase, and post-trial).!”

5. Ageand sex

Children at least 6-7 years old were included in almost all of
the studies. The reasons for including children of this age could
be their active involvement in outdoor activities. Children develop
an interest in outdoor play and skillful motor activities around
67 years of age when they start exploring sports and motor
activities. One study recruited children with an age of 5 years.?
Children less than 6 years of age usually do not display efficient
motor skills unless genetically inherited. Overall, more boys than
girls were recruited in all studies.*>%161%20 According to the
DSM-1V, the male to female ratio of children with ADHD is 2:1
and 3:1-” but it decreases in adolescents and adults with ADHD.
Sex and age differences in children with ADHD occurred more
often in ADHD subtypes.” Moreover, lower male to female
ratios could be attributed to the underdiagnosis of females with
ADHD.”

6. Use of BOTMP in studies

We came across one study that used only a single subtest of
BOTMR" Some studies used motor composites of fine manual
control and manual coordination more than other motor com-
posites.”? The body coordination motor composite was used
comparatively more than the strength and agility motor com-
posite, whereas the balance subtest of the tool was used more
than the other subtests.) This could be because most of the
children with ADHD are ambulatory, and because of their
underlying structural changes in the brain, they have balance
and incoordination issues that lead to more extensive use of the
BOTMP balance subtest.

Neither of the studies reported any barriers with the test
administration. The assessors were thorough with the subtests,
and it was fun for the child to perform the test and for the
assessor to administer it.»!1-12)

7. Use of the tool's SFand LF

The included studies used the BOTMP in various forms, i.e.
the SE, LF, or subtests (Table 4). The SF was created by adding
a few tests from all motor composites of the LF to save time
during administration.” The main purpose of the tool was to
screen the children’s motor abilities. However, the SF of the tool
is reportedly not as efficient as the LF in terms of validity and
reliability.?

Unlike the SF, the LF of the BOTMP assesses the overall motor
proficiency of children. The longer administration time of an
hour was the only drawback of the LE.®) However, this duration

www.e-cep.org

https://doi.org/10.3345/cep.2021.00962 518


https://doi.org/10.3345/cep.2021.00962

gradually decreased as the therapists became more acquainted
with the sequence of the subtests.”) Studies that used the LF of
the tool reported a lower motor composite score than what was
reported by studies using the SE, which was specifically developed
for screening purposes.? The BOTMP is a paid tool, making it
not easily accessible for many.

Observational studies that used the tool to assess the motor
abilities of children with ADHD preferred using the LE. Some
studies mentioned their reasoning for using the LF as it perfor-
ming a thorough neurodevelopmental assessment of all specific
fine and gross motor activities and gave a clear picture of specific
motor impairment unlike the SF, which assessed only selected
fine and gross motor tests. #1215

8. Motor performance of ADHD versus other behavioral disorders

Few studies that compared the motor abilities of children
with ADHD, children with other behavioral disorders, and
typically developing children concluded that the motor abilities
of children with ADHD were lower than those of typically
developing children and higher than those of children with
other behavioral disorders. This finding, however, cannot be
generalized as the study only assessed children with an intelli-
gence quotient greater than 70-80,%10-12:14.16,17)

Few studies reported that children with DCD had lower
motor proficiency than children with ADHD.'>'”) DCD and
ADHD are neurodevelopmental disorders with unclear intrin-
sic pathological differences. DCD comprises impairments in
cognition and coordination, which explains the low motor
performance of children with DCD, while children with ADHD
have primary motor planning and execution impairments.”
Another study comparing children with ODD and RD and
children with ADHD reported that the latter performed better
than the other groups.??

Almost all the studies that compared the motor abilities of
children with ADHD and typically developing children men-
tioned that, although the motor abilities of ADHD children were
not as good as those of typically developing children, the motor
abilities of children with ADHD could improve with appropriate
interventions,>$%11:12,14-17)

Children from different cultures reportedly develop at diffe-
rent rates; thus, the application of a set of norms to children
belonging to varied cultural backgrounds might lead to a false
interpretation of their motor abilities. As shown in Table 3,
children with ADHD displayed varied motor performances
depending on culture and region. The observed variations in
motor performance in various regions could have many possible
reasons such as variations in nutrition, genetics, ethnicity, overall
development and care, environmental factors, cultural practices,
ADHD type, and rehabilitation.!”

Overall, according to studies of the application of the BOTMP
among children with ADHD, the tool has been used in various
countries, translated into various regional languages, and used in
variants of ADHD with a wide range of age groups administered
by various qualified medical and para-medical professionals.

Many studies preferred using the LF of the BOTMP or the BOT-
2 over the SF for children with ADHD.

9. Strengths of the study

This is one of the first studies to review the use of the BOTMP
for evaluating motor performance in children with ADHD.
This review provided extensive information about how the tool
has been used to assess the motor impairments of children with
ADHD. The study compiled use of the BOTMP tool in various
countries, its cultural adaptations, level of motor performances
displayed by children with ADHD in various regions, and usage
of different versions of the tool e.g., BOTMP/BOT-2 and LF/SE.

10. Limitations

Since studies published only in English were searched, studies
published in other languages could have been missed. The
quality of most of the included studies was fair, which implies the
need to use stringent methodologies. A meta-analysis was out of
the scope of this review due to the differences in study designs
and the fact that all of the studies used different versions of the
tool i.e., SE, LF, or subtest of the BOTMP or the BOT-2. The
studies also did not categorize motor composite scores according
to age group, sex, or ADHD variant, i.e., ADHD-I; ADHD-H,
or ADHD-C.

11. Future recommendations

Further research is required to understand the motor reper-
toire of children with ADHD using the BOTMR There is scope
for understanding and analyzing the motor abilities of children
with ADHD-H, ADHD-I, or ADHD-C. Further, the motor
composite scores of children must be analyzed based on their
age, sex, and ADHD variant, as this information will help im-
prove our understanding of the condition and aid in planning
future interventions. Due to the influence of culture on motor
development, cultural adaptations of the tool in various countries
are recommended.

Conclusion

Although used globally, the BOTMP has been used sparsely as
an outcome measure to understand the motor performance of
children with ADHD. The motor capabilities of children with
ADHD remain unclear due to the predisposition of other beha-
vioral disorders. Categorizing motor performances according to
age and sex might help increase our understanding of their motor
abilities to aid in their rehabilitation.

Footnotes

Supplementary material: Supplementary Table 1 can be found
via https://doi.org/10.3345/cep.2021.00962.
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