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of Bruininks-Oseretsky Test of
Motor Proficiency Second Edition
in patients after treatment of
acute lymphoblastic leukemia
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Karolina Bofilova', Monika Hrdougkova' and Martin Musalek’*

Department of Rehabilitation and Sports Medicine, Second Faculty of Medicine, Charles University and
Motol University Hospital, Prague, Czechia, 2Faculty of Physical Education and Sport, Charles University,
Prague, Czechia

Introduction: Acute lymphoblastic leukaemia (ALL) ranks among paediatrics’ most
common oncological malignancies. Monitoring motor performance levels
associated with self-sufficiency in the everyday activities of ALL patients is
extremely important during treatment. The motor development of children and
adolescents with ALL is most often assessed using the Bruininks-Oseretsky Test
of Motor Proficiency Second Edition (BOT-2) complete form (CF) with 53 items
or the short form (SF) with 14 items. However, there is no evidence in research
that BOT-2 CF and SF give comparable results in the population of patients
with ALL.

Objective: This study aimed to determine the compatibility of motor proficiency
levels achieved from BOT-2 SF and BOT-2 CF in ALL survivors.

Materials and Method: The research sample consists of n =37 participants
(18 girls, 19 boys) aged 4-21 years (10.26,+SD 3.9) after treatment for ALL.
All participants passed BOT-2 CF and were at least 6 months and a maximum of
6 years from the last dose of vincristine (VCR). We used ANOVA with repeated
measures, considering the sex, intra-class correlation (ICC) for uniformity
between BOT-2 SF and BOT-2 CF scores and Receiving Operating Characteristic.
Results: BOT-2 SF and BOT-2 CF assess the same underlying construct, and
BOT-2 SF and CF standard scores have good uniformity: ICC =0.78 for boys
and ICC=0.76 for girls. However, results from ANOVA showed that the
participants achieved a significantly lower standard score in SF (45.1+7.9)
compared to CF (49.1+9.4) (p<0.001; Hays o = 0.41). ALL patients performed
the worst in Strength and Agility. According to the ROC analysis, BOT-2 SF
obtains acceptable sensitivity (72.3%) and high specificity (91.9%) with high
accuracy of 86.1%, and the fair value of the Area Under the Curve (AUC) =0.734
Cl95% (0.47-0.88) in comparison to BOT-2 CF.

Conclusions: To reduce the burden on ALL patients and their families, we
recommend using BOT-2 SF instead of BOT-2 CF as a useful screening tool.
BOT-SF can replicate motor proficiency with as high probability as BOT-2 CF
but systematically underestimates motor proficiency.
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1. Introduction

Acute lymphoblastic leukaemia (ALL) is one of the most
common pediatric malignancies (1-3), and the number of
patients has been increasing over recent decades (2, 4).
The incidence is 3-4 new cases/100,000 children in one year,
peaking in the second and fifth years of life (5). This disease is
typified by the uncontrolled proliferation of lymphocyte precursors
and occurs in the bone marrow. Due to the ideal vascular supply of
the marrow, it quickly spreads to other tissues and organs (6, 7).
Treatment of children with ALL is complex (3) and has several side
effects (2, 8). It has developed over the last fifty years and is very
successful, with the five-year survival rate having increased from
3% in 1964 to 90% today (8, 9). The standardized treatment
protocol includes systematic chemotherapy, usually with cytostatic
corticosteroids (3). In addition to chemotherapy, radiotherapy and
bone marrow transplantation may be added (10, 11).

The patients undergo long periods of examinations and
hospitalizations (1-3, 12-15). During and after the treatment,
children with ALL are at risk for skeletal (6, 7, 16, 17),
neuromuscular (2, 6, 7), and cardiopulmonary impairments that
interfere with physical function (18-20). Therefore, increased
attention is directed to adequate rehabilitation and assessment
methods that meet the individual needs of these children (18).
For objective evaluation, paediatricians, physiotherapists, and
physical education teachers frequently use the Bruininks-
Oseretsky Test of Motor Proficiency Second edition (BOT-2) (17,
21-25). BOT-2 measures gross and fine motor proficiency in
typically developing children and in children with developmental
disabilities. The children are aged between 4 and 21 (26, 27).
The test is available in two forms, complete form (CF) and short
form (SF) (28).

BOT-2 is a reliable and valid assessment tool suitable for many
research designs (29, 30). BOT-2 CF requires setup and 40-60 min
to administer per child (29). This assessment is an additional
burden for a child and even their parents. Therefore, many
experts call for greater use of BOT-2 SF, whose advantage is
a shorter administration time of 15 to 20 min (28, 31). BOT-2
CF and BOT-2 SF have high reliability (0.9-0.97), and there is
a strong correlation between these two test forms (r=0.80-0.87)
(29-32). However, the strong correlation between BOT-2 CF and
BOT-2 SF does not mean that both versions give the same
estimation of motor proficiency level (26, 27, 33).

Although Radanovi¢ et al. (28) conclude that BOT-2 SF is an
adequate tool for assessing motor proficiency in healthy children,
it is still unclear whether BOT-2 SF and BOT-2 CF provide
comparable information about the level of motor proficiency
(31). Jirovec et al. (31) found that BOT-2 SF systematically
underestimates the degree of motor proficiency compared to
BOT-2 CF and that both forms shared just 57% of the variance.
In addition, other studies point to BOT-2 SF’s psychometric
shortcomings in the majority of tasks related to factorial validity

or low correlations between subtests and final scores (34). On the
other hand, skilled clinicians claim BOT-2 SF is useful for
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identifying motor skills deficits in individuals with mild to
moderate motor control problems (27, 28, 31).

Many studies use BOT-SF in children with various diagnoses
but with different outcomes from the diagnoses and reached by
the studies. Mancini et al. (35) assess children with attention
deficit and hyperactivity disorder (ADHD). The results indicate
that BOT-2 SF overestimates the child’s motor proficiency
compared to that shown by BOT-2 CF. Therefore, BOT-2 SF is
not recommended as a screening or diagnostic tool in children
with ADHD. Cairney et al. (36) reveal that BOT-2 SF seems to
be a reasonable alternative to Movement Assessment Battery for
Children Second Edition (MABC-2) for clinical assessment of
children with developmental coordination disorder (DCD).
Furthermore, in a pilot study on 10 youths with Down
syndrome, Nocera et al. (37) found excellent reliability (ICC =
0.86, 95% CIL: 0.54 to 0.96, p<0.001, SEM =1.46; percentile
rankings: ICC = 0.84, 95% CI 0.50 to 0.96, p =0.001, SEM = 0.64).
On the other hand, Yeh et al. (38), who investigate preschool
children  with suggest
competency to achieve more
BOT-2 CF rather than BOT-2 SF.

The usefulness of the BOT-2 results remains an open issue.

strabismus, assessing the motor

accurate information using

Moreover, no comparative studies investigate the compatibility of
results between BOT-2 CF and BOT-2 SF and the sensitivity and
specificity of BOT-2 SF in patients with ALL. This study aims to
verify whether BOT-2 SF gives comparable results to BOT-2 CF
in ALL patients and has sufficient sensitivity and specificity in
Using BOT-2 SF as
a sufficiently sensitive and reliable tool would enable faster and

motor proficiency  categorization.
more user-friendly method of diagnosis changes in motor

proficiency during the recovery of ALL patients.

2. Materials and methods

The procedures involved in our study follow the ethical
of the Czech National
Experimentation and the Helsinki Declaration of 1975, as revised
in 2000. The Ethics Committee on the Research Project of Motol
University Hospital approved the research project. Parents of all

standards Committee on Human

participants signed informed consent. The data are anonymized.

The sample includes 37 individuals having undergone
ALL treatment (males n=19, females n=18) aged 4 to 21
(the youngest 4.5 years old, the oldest 20.8 years old, 10.26 + SD
3.9, median 9.5). They received their last vincristine (VCR) dose
at least six months and no longer than six years ago. We
patients at the Department of Pediatric
2nd Medical Charles
University, and Motol University Hospital in Prague. All
participants were treated according to the AIEOP-BFM ALL
2009 treatment protocol. Patients with relapsed disease, patients

contacted the

Hematology and Oncology, Faculty,

after bone marrow transplantation, those referred for bone
marrow transplantation, patients with peripheral neuropathy of
aetiology other than vincristine-induced peripheral neuropathy
(VIPN), and patients with mental disabilities (e.g,, Down
syndrome) were not included in the study.
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In the current study we used BOT-2 CF (31, 39). It consists
of 53 motor performance items divided into eight subtests:
1) Fine Motor Precision, 2) Fine Motor Integration, 3)
Manual Dexterity, 4) Upper-Limb Coordination, 5) Bilateral
Coordination, 6) Balance, 7) Running Speed and Agility, and
8) Strength; and four composite areas: I. Fine Manual
Control, II. Manual Coordination, III. Body Coordination, IV.
Strength and Agility. BOT-2 SF contains 14 items selected
from each sub-test from BOT-2 CF. To adequately compare
the results of the SF and CF, we used the standard score for
the CF and the standard score for the SF. Both scores
represent normalized values, which consider the age and sex
of the participants (31).

Professionally trained physiotherapists tested the patients at the
children’s section of the Department of Rehabilitation and Sports
Medicine of the 2nd Medical Faculty of Charles University and
Motol University Hospital in the morning hours from November
2019 to October 2021. Testing one person by BOT-2 CF took
50-70 min. The results
Subsequently, we overwrote the data in Pearson’s online

were recorded in printed form.
program, Q-global. Data for BOT-2 SF were extracted from

BOT-2 CF results (31).

3. Data extraction, statistical analysis

The Anderson-Darling and Kolmogorov-Smirnov tests did not
reject the normality in BOT-2 CF. In contrast, in BOT-2 SF, the
Kolmogorov-Smirnov test rejected the normality due to the
presence of one outlier, a highly above-average standard score.
Box’s M Test shows passing circularity and covariance matrices
equality. Therefore, considering the robustness of the analysis of
variance for such violation of normality (40, 41), we used
repeated measures ANOVA to compare the standard scores of
BOT-2 CF and BOT-2 SF depending on the participants’ sex and
to determine statistical significance at p <0.05. In addition, the
study sample is design selected. Therefore, we calculated effect
size (ES) (Hays o?) with the following cutoffs: Hays »*=0.01-
0.07 small effect; Hays »” =0.071-0.14 medium effect; Hays &” >
0.14 large effect (42). To analyze the sensitivity and specificity of
BOT-2 SF, we used the Receiver Operating Characteristic (ROC)
analysis, including the Area Under the Curve (AUC) parameter
(43). The clinical usefulness of BOT-2 SF was defined as
sensitivity + specificity greater than 1.5 (44) along with AUC < 0.7
(45). We used the Intraclass Correlation Coefficient (ICC) to
approximate the reliability and uniformity of results between the
BOT-2 sub-test composite scores and standard scores from
BOT-2 CF, respectively BOT-2 SF. We followed the guidelines to
interpret ICC: < 0.5 poor reliability; 0.5-0.75 moderate reliability;
0.75-0.90 good reliability; >0.90 excellent reliability (46). The
size effect (ES) of differences between two ICCs was interpreted
as the ES magnitude: small effect, Cohen g=0.1-0.3; medium
effect, Cohen q=0.3-0.5; large effect, Cohen q>0.5. The data
were evaluated by the NCSS2007 program (Version 2007; NCSS,
Kaysville, UT, United States).
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4. Results

The results of repeated measures ANOVA controlling for the
sex of participants show that participants achieved a significantly
lower standard score in BOT-2 SF=45.1 (£ 7.9) in comparison
to BOT-2 CF=49.1 (£ 94) F (1, 35) =27.50, p <0.001 with large
effect size (ES) Hays »*=0.41.

Males outperform females in all BOT-2 composites and
BOT-2 CF and BOT-2 SF standard scores. However, the main
effect of sex was not proved, F (1, 35) = 1.36, p = 0.25, Hays w?=
0.009 (Table 1). Nevertheless, in the Fine Motor Control
composite score, we found a significant difference in variability
of results (in the values of standard deviations) according to sex
F36=2.40 p<0.05. Girls performed in this composite subtest
non-significantly worse but were significantly more homogeneous
in their performance compared to boys.

Furthermore, we found the most significant difference in the
composite Manual Coordination, where females scored about 3.8
standard points worse than males. In addition, both males and
females perform the worst in the composite Strength and Agility,
which assesses aspects of physical readiness—physical fitness (PF).

The ICC between BOT-2 CF and BOT-2 SF is 0.78.
Furthermore, the uniformity of the results (the stability) between
BOT-2 CF and BOT-2 SF shows “good” reliability when
controlling for sex, in boys ICC =0.78 and girls ICC = 0.76.

In the next step, we compared with the ICC the uniformity of
results between composite standard scores and standard scores of
BOT-2 CF and BOT-2 SF. We found the most significant
differences in ICC values between standard scores BOT-CF and
BOT-SF and the Body Coordination composite with more robust
evidence in boys. In addition, regardless of the sex of
participants, the Fine Manual Control composite and Body
Coordination composite had the weakest uniformity with the
BOT-2 CF and BOT-2 SF standard score. The main reason for
this finding is the very low ICC between the Fine Manual
Control composite and standard scores from both forms of
BOT-2 girls. It would mean that the Fine Manual Control level

TABLE 1 Results of BOT-2 CF and BOT-2 SF, boys, girls.

The difference in scores
between boys and girls

Composite

Mean dif-Cl95%

Fine Manual 533+ 51.8+7.8 1.5 (=5.32 - +8.30)
Control 12.05
Manual 49.6+9.1 | 45.8+8.1 3.2 (—2.48 - +9.00)
Coordination
Body 553+9.8 | 53.1+9.8 2.2 (—4.31 -+8.73)
Coordination
Strength and 46.2+10.5 | 429+9.3 3.3 (—3.35-+9.89)
Agility
BOT-2 CF 50.6 £10.9 | 47.4+7.6 3.2 (=3.11-+ 9.49)
BOT-2 SF 46.7 + 434 + 3.3 (—2.02- + 8.50)
8.7*** 6.9***

SD, standard deviation.
***p < 0.001 in boys and girls the standard scores between BOT-2 CF and BOT-2
SF differ significantly.
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and Body Coordination level in ALL girls has low reliability and is
poorly related to overall motor proficiency. Separate ICC analyses
showed a similar lack of uniformity between composites and
BOT-2 CF and BOT-2 SF with large ES: Body Coordination,
medium ES: Strength and Agility or small ES: Manual
Coordination. The highest uniformity with “good” reliability was
found between BOT-2 CF and BOT-2 SF standard scores and the
composite of Strength and Agility (Table 2).

Furthermore, we wanted to know if BOT-2 SF can categorize
participants with their final score with sufficient sensitivity and
specificity compared to the categorization obtained from BOT-2
CF. Therefore, we also analysed the sensitivity and specificity of
BOT-2 SF. We used calculated Kendal’s Tau correlation between
the categorization of participants obtained from BOT-2 CF and
BOT-2 SF, which is Kendal Tau=0.81. We worked with a five-
point Likert scale established according to Bruininks and
Bruininks’ manual (31) in the ROC analysis procedure. In both
BOT-2 CF and BOT-2 SF, this scale transforms the standard
score into final categories (1—well below-average; 2—below-
average; 3—average; 4—above-average; 5—well above-average)
(30). According to the ROC analysis assessing sensitivity and
specificity, BOT-2 SF obtained acceptable sensitivity (72.3%) and
high specificity (91.9%) with high accuracy of 86.1%, and the fair
AUC=0.734 CI95% (0.47-0.88) in

value of Empirical

TABLE 2 Intraclass correlation coefficient differences between composite
scores and BOT-2 CF and BOT-2 SF standard scores-total, boys, girls.

Composite | BOT-2 CF standard | BOT-2 SF standard | Cohen

score (boys and | score (boys and q

girls) girls)

Fine Manual 0.60 0.26 0.44**
Control
Manual 0.74 0.65 0.14*
Coordination
Body 0.67 0.29 0.514%*
Coordination
Strength and 0.73 0.86 0.22%
Agility

BOT-2 CF standard BOT-2 SF standard

score girls score girls

Fine Manual 0.25 0.02 0.24*
Control
Manual 0.69 0.65 0.02
Coordination
Body 0.60 0.25 0.44**
Coordination
Strength And 0.66 0.80 0.12%
Agility

BOT-2 CF standard BOT-2 SF standard

score boys score boys

Fine Manual 0.77 0.49 0.48*
Control
Manual 0.77 0.64 0.25*
Coordination
Body 0.72 0.32 0.58***
Coordination
Strength and 0.77 0.89 0.28%
Agility

Significance of ICC differences between CF and SF: *small ES, Cohen g =0.1-0.3;
** medium ES, Cohen g = 0.3-0.5; *** large ES, Cohen q>0.5.
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comparison to BOT-2 CF. BOT-SF can replicate motor

proficiency with as high probability as BOT-2 CF but

systematically underestimate motor proficiency.

5. Discussion

This study fills the gap in observational methods and compares
the compatibility of BOT-2 CF and BOT-2 SF in ALL survivors.
Verifying the substitutability and usability of BOT-SF would
simplify the diagnosis of essential areas of motor proficiency
related to daily living activities (ADL) and strengthen the child’s
health and self-sufficiency (1). We use the standard scores
considering age and sex for comparing results from the SF and
CF (29).

Firstly, the standard score obtained from BOT-2 SF showed
“good reliability” with the standard score from BOT-2 CF in
both sexes, boys ICC=0.78, r=0.86 and girls ICC=0.76.
Furthermore, the expected score from both versions strongly
correlated with r=0.90. Therefore, BOT-2 SF seems to assess the
same construct of motor proficiency with acceptable reliability
when compared with BOT-2 CF. These results correspond with
the previous findings of Bruininks and Bruininks (29), Mancini
et al. (35) and Jirovec et al. (31).

Although BOT-2 SF has acceptable reliability and strongly
correlates with BOT-2 CF, it significantly underestimates the
level of motor proficiency (SF=45.1%7.9, CF=49.1£94) in
children and young adults—both male and female—after ALL
treatment. It aligns with the conclusion of Jirovec et al. (33) on
healthy school children. Still, it contradicts Mancini et al. (35),
who found in children with ADHD that BOT-2 SF overestimates
the level of motor proficiency compared to BOT-2 CF. The
explanation for the different findings could be that BOT-2 CF is
much more time-consuming (45-60 min per participant) and
requires close attention from the participant. Therefore, ADHD
children  with difficulty
concentrating throughout the entire BOT-2 CF testing procedure.

impaired attention might have

There are several reasons for the overestimation or
underestimation of the assessed construct/unobserved latent
variables. In test development, one assumption is that for
adequate discrimination power and accuracy of the test battery,
we must have an appropriate number of indicators with fair
convergent and divergent item validity (47). Furthermore, these
indicators’ factorial validity for the assessed construct should be
verified. Also the indicators’ local independence and the lowest
number of indicators still passing the acceptable value of
approximated generic reliability should be known (48).
BOT-2 CF has 53 items; previous studies verified that this battery
has a stable four factors structure (29). Conversely, BOT-2 SF with
14 items is presented as a one-factor or unidimensional screening
test battery. Recent studies on populations of children with
neurotypical development supported the claim that BOT-2 SF
assesses one theoretical construct, namely motor proficiency (34)
or motor competency (49). However, Bardid et al. (48) added that
items from BOT-2 SF

parameters, indicating that the categories in motor proficiency

many showed unordered threshold
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were not related to a child’s performance level. Brown’s study
reached a similar conclusion (35). Authors noted that 9 out of 14
items in BOT-2 SF did not meet psychometric requirements such
as item difficulty or acceptable factorial validity (35). In addition,
Jirovec et al. (33) suggested that fewer indicators could result in
lower standard scores obtained from BOT-2 SF because of the
difficulty of selected items. In the BOT-2 manual (29), there is no
information on how these 14 items for BOT-2 SF were selected.
We have a statement that each sub-test assess maximum of two
tests in BOT-2 SE. Furthermore, some sub-tests from BOT-2 SF
estimate the proficiency only from one directly measured item
(Manual Dexterity, Running Speed and Agility, Strength).
However, using a single indicator to assess the unobserved latent
variable contradicts test development rules, which recommend
using at least three indicators per latent variable (49-51).
Moreover, based on the generalizability theory (G-theory), the
number of valid indicators used in a test or test battery is directly
linked to the accuracy with which we estimate the assessed trait
(52). Therefore, fewer indicators in BOT-2 SF might provide
limited information about the level of motor proficiency.

As do Jirovec et al. (31), we provide support for this assumption
in our study based on detailed correlation analyses between standard
scores of BOT-2 SF, BOT-2 CF, and BOT-2 CF composite scores
achieved in four motor domains: Fine Manual Control, Manual
Coordination, Body Coordination, Strength and Agility. Composite
scores from four motor domains explained R*=57% of motor
proficiency estimated with BOT-2 CF as opposed to R*=44% of
motor proficiency assessed with BOT-2 SF. The most significant
differences in the reliability of the results (low stability and
predictability) between the composite’s standard scores of
BOT-2 CF and BOT-2 SF are for the Fine Manual Control and
Body Coordination composites, with more significant differences
for boys. The BOT-2 SF standard scores had significantly weaker
uniformity with Body Coordination composite score than
BOT-2 CF. There is also a question of whether BOT-2 CF
contains more items with low difficulty (ceiling effect items) or
whether the content similarity of items does not allow any
possible violation of the local independence, which means
significant correlations between item errors.

Regardless of sex, the Fine Manual Control has the weakest
ICC with BOT-2 CF (ICC=0.60) and BOT-2 SF (ICC=0.26).
Weak reliability was markedly lower in girls (BOT-2 CF, ICC=
0.25, and BOT-2 SF, ICC =0.02). It could indicate that the level
of Fine Manual Control in girls has low reliability and is poorly
related to overall motor proficiency. In contrast, Jirovec et al.
(31) revealed the lowest ICC (r=0.65) between the CF standard
score and Strength and Agility. In our results, Strength and
Agility show the highest reliability of the four composites with
CF (ICC=0.73) and SF (ICC=0.86) across sex. The different
findings between our study and Jirovec et al. may be due to a
spectrum of participants. We measured patients after ALL with
possibly decreased levels of PF after the treatment. Our sample
achieved X=44.5 of composite score in Strength and Agility
while participants in the study by Jirovec et al., healthy children,
achieved X =49 composite scores in Strength and Agility. Our
study found the most significant differences between ICCs for

Frontiers in Pediatrics

10.3389/fped.2023.1071572

Body Coordination and Fine Manual Control and BOT-2 CF and
BOT-2 SF standard I1CCs
Coordination composite score, and BOT-2 SF standard score and

scores. calculated from Body
Fine Manual Control composite score and BOT-2 SF standard
score, are significantly lower than BOT-2 CF with medium and
large ES. The differences in ICCs between BOT-2 CF and SF
standard scores and the Body Coordination composite are slight
for both sexes. Jirovec et al. (31) reported a similar finding only
in girls. However, in Fine Motor Control, the differences in ICCs
are sex-dependent. In girls, the results from Fine Motor Control
hardly match the overall standards score achieved from
BOT-2 SF. We assume that this poor uniformity has the cause of
the low variability of results in girls. Since all correlation analysis
is built upon variances, the significantly narrower standard
deviation could decrease the uniformity calculated as ICC. Other
results from our study generate differences among composites
and CF and SF ICCs with small to medium ES.

In previous studies, Brahler et al. (26) and Carmosino et al. (27)
attempted a more detailed analysis of the relationships between
each item and subtests from BOT-2. Brahler et al. examined the
Strength, Balance, Fine Motor Precision, and Fine Motor
Integration subtests. Carmosino et al. analyzed Manual Dexterity,
Bilateral
Speed, and Agility subtests. Both studies aimed to determine the

Upper-Limb  Coordination, Coordination, Running
association between the items in the four subtests and the total
score. Brahler et al. (26) found a wide range of item correlations
with the subtests Total Point Score (TPS) (r=0.07 to 0.86).
A follow-up study by Carmosino et al. (27) found that all test
items of the three subtests (Manual Dexterity, Upper-Lib
Coordination, Running Speed and Agility) correlate with the
subtests TPS. They found that not all items in the SF have the
highest correlation among the given subtest items. The high
correlation between the items and the subtest'’s TPS in the CF
and SF does not necessarily mean that the two versions provide
comparable or identical motor proficiency results. Surprisingly
these two studies pay little attention to the difference in the total
score of BOT-2 CF and SF.

The studies mentioned above investigated the item’s point
score and the subtest’s TPS. The question is whether these are
meaningful comparisons and statistical calculations, as the
authors did not take age and sex into account. At the same time,
each item’s point score has a different maximum point. SF
provides only an overall result, and there is no possibility of
analysing individual motor components within the normative
data. The BOT-2 CF processing form and its manual do not
allow us to divide it into individual subtests, so BOT-2 SF cannot
be divided into unique TPS for individual subtests (probably due
to the small number of items within the subtest). Therefore, we
only compared the total standard score of BOT-2 CF with
BOT-2 SE. However, we can use the individual items and
subtests of the SF in clinical praxis, but only to evaluate the
child’s results over time.

Regarding the performance in the four motor composites, our
patients were most significantly lacking in the Strength and Agility
motor composite with 40.5% below-average and well below-average
results (with 54.1% average and 5.4% above and well above-average
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results). In addition, patients performed the worst in the Running
Speed and Agility subtest, with 59.5% below-average and well
below-average results (with 37.8% average and 2.7% above and
well above-average results). Patients also had motor difficulties in
the Manual Coordination motor composite, with 21.6% below-
average and well below-average results (with 70.3% average and
8.1% above average). Furthermore, they displayed the most
significant shortcomings in the subtest Manual Dexterity with
16.2% below-average and well below-average results (with 78%
average and 5.4% above average).

In contrast, 27% of patients achieved well above-average and
above-average results in the Fine Manual Control motor
composite (with 67,6% average and 5,4% below and well below-
average results), with the best performance in the subtest Fine
Motor Integration at 32,4% well above-average and above-average
results (with 54,1% average and 13,5% below and well below-
average results). Similarly, 24,3% of patients performed well
above average and above average in the Body Coordination
motor composite (with 64,9% average and 10,8% below and well
below-average results). In this motor composite, patients
performed the best in the Bilateral Coordination subtest with
27% well above-average and above-average results (with 64,9%
average and 8,1% below and well below-average).

These results showed that ALL and its treatment negatively
impact the Strength and Agility of the patients. A period of
growth and development of basic motor skills, coordination,
and strength is suddenly disrupted by a disease associated with
frequent hospitalizations and demanding treatment, which can
impact the cardiorespiratory system. It affects the amount of
physical activity patients do and their relationship to it. This,
in turn, affects their health and quality of life. On the other
hand, the Fine Manual Control was mostly average to above
average for the given population, which is consistent with the
study by Nama et al. (53). This can be attributed to patients
orientating mainly to manual activities during hospitalization
in bed and during periods of significant fatigue. Different
conclusions were reached by Hanna et al. (22) and Kabak
et al. (2) regarding motor deficit in Fine Manual Control in
patients with ALL. Compared with healthy individuals, Hanna
et al. (22) found significantly worse performance in the Fine
Manual Control assessed by BOT-2 CF in ALL patients than
in healthy control in maintenance therapy. However, they
investigated children between the ages of 4 and 7, when Fine
Manual Control starts to develop, so the onset of ALL at this
age can fundamentally affect the development of given motor
skills. At the same time, during our protocol, we did not
assess the level of neuropathy, which causes fine motor
problems and which is usually more extensive in patients
during maintenance therapy compared to survivors (49), and
causes fine motor problems.

Using ROC analysis, we evaluated the sensitivity and specificity
of BOT-2 SF BOT-2 SF showed acceptable sensitivity (72.3%) and
high specificity (91.9%) with high accuracy (86.1%). Our results
differ from those of Jirovec et al. (31) in that high sensitivity
(84%) but low specificity (42.9%) were reported. Jirovec et al.
concluded that BOT-2 SF is a valuable tool for detecting motor
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deficits but not for testing psychometrically above-average
individuals. Our results suggest that BOT-2 SF can replicate the
level of motor proficiency of BOT-2 CF with high probability.
Mancini et al. (35) found an SF sensitivity of 69.23% for
identifying children at the 17th percentile and below (ie., the
below-average and well below-average categories). The specificity,
or the chance the SF will rate an individual as non-threatened
when the CF evaluates individual as non-threatened, is 100% for
the 17th percentile and below.

From the findings mentioned above, we could conclude that
BOT-2 SF is helpful when we want to discover whether motor
proficiency in ALL patients is below average or above-average.
Nevertheless, we must consider that BOT-2 SF shows a worse
standard score compared to BOT-2 CF. Therefore, BOT-2 SF is
stricter in assessing motor proficiency performance. It means that
BOT-2 SF might interpret the motor proficiency of ALL patients
as below average even though BOT-2 CF would identify them as
average. In the case of a below-average score from BOT-2 SF, we
suggest testing ALL patients with BOT-2 CF (whole or parts) to
find out in which areas of motor proficiency the patient has the
most significant difficulties. Furthermore, it seems the PF level of
ALL patients significantly influences the final standard score of
BOT-2 SF. Therefore, we highly recommend including PF
exercise for rehabilitation during ALL treatments.

The limitations of this study were the small sample size and the
time since treatment ended. However, the reliability of the
measurement was strong. To evaluate performance, it is
necessary first to assess whether the individual corresponds to
developmental calendar age (CA), as most standards are based
on CA. On the other hand, biological age (BA) refers to the
human functional capacity and can differ considerably between
individuals of the same CA (54). If the BA is significantly
different from the CA, it is critical to approach the participant
individually and assess their performance according to modified
standards. Differences compared to CA can be up to +three
years (54, 55). The treatment can also affect the BA. It would be
interesting to know the motor maturity of the given individual
before and after treatment and how it changes because of the
treatment. However, this is a subject for further study.

6. Conclusions

BOT-2 SF seems to be a helpful tool for assessing motor
BOT-2 SF
replicates motor proficiency with the same high degree of

proficiency in patients after ALL treatment.

probability as BOT-2 CF but systematically underestimates the
level of motor proficiency. The question remains whether the
items in BOT-2 SF chosen from the BOT-2 CF items have
the highest validity for assessing motor proficiency in the
population after ALL treatment. ALL patients performed the
worst in Strength and Agility. Therefore, we suggest
systematically applying suitable PF exercises in ALL patients.
We recommend testing with BOT-2 CF to find out the most

significant motor difficulties.
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