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Abstract

Objective—To determine whether a Bayley-111 Motor Composite score of 85 may overestimate
moderate-severe motor impairment by analyzing Bayley-111 motor components and developing
cut-point scores for each.

Study Design—Retrospective study of 1183 children born <27 weeks gestation at NICHD
Neonatal Research Network centers and evaluated at 18-22 months corrected age. Gross Motor
Function Classification System determined gross motor impairment. Statistical analyses included
linear and logistic regression and sensitivity/specificity.
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Results—Bayley-111 Motor Composite scores were strong indicators of gross/fine motor
impairment. A Motor Composite cut-point of 73 markedly improved specificity for identifying
gross and/or fine motor impairment (94% compared with a specificity of 76% for the proposed
new cut point of 85). A Fine Motor Scaled Score <3 differentiated mild from moderate-severe fine
motor impairment.

Conclusions—This study indicates that a Bayley-111 Motor Composite Score of 85 may
overestimate impairment. Further studies are needed employing term controls and longer follow-

up.

Introduction

Motor function is an important component of neurodevelopmental assessment and is
included in assessment tools such as the Bayley Scales of Infant (and Toddler) Development
(Bayley).12 Motor function is also used in classification of neurodevelopmental outcomes
for pre-school children in research studies, such as those reported by the Eunice Kennedy
Shriver National Institute of Child Health and Human Development Neonatal Research
Network (NRN).

Prior to 2006, the 2nd Edition of the Bayley (Bayley-11) Psychomotor Developmental Index
(PDI)! was the standard tool for determining motor outcomes among high-risk preschool
children, and a PDI <70 (>2 SD below the test mean) indicated moderate-severe motor
impairment for NRN research. The Gross Motor Function Classification System (GMFCS)3
was also used by the NRN to assess the level of motor impairment in children found to have
cerebral palsy (CP). A GMFCS level =2 was used as the cutoff for moderate-severe CP. The
NRN definition of Neurodevelopmental Impairment (NDI) included a PD1<70 and/or CP
with a GMFCS=>2 along with one or more of the following: a Mental Developmental Index
(the Bayley-11 measure of cognition and language; MDI) <70, deafness, or blindness.*

In 2006, the 3rd edition of the Bayley (Bayley-I11)2 was introduced. The Bayley-I11 replaced
the PDI with the Motor Composite score, which maintains a mean of 100 (SD 15), but now
includes separate fine and gross motor subscale tests. When the NRN began using the
Bayley-111 Motor Composite for NRN outcome studies in January 2010, it replaced the PDI
<70 criteria for NDI with a Motor Composite score <70. Other research groups did the
same, but subsequently found decreased rates of motor impairment, as first reported by
Anderson et al.> More recently, the NRN reported that, during the period of 2008-2011, a
Bayley-111 Motor Composite score <70 was 40% less likely to categorize a child with NDI
than a Bayley-Il PDI <70 during 2006-2007.4 Moreover, the mean Motor Composite score
was 5 points higher than the PDI, which is similar to the increases reported by other

studies, 268 all of which suggested that a Bayley-I11 Motor Composite threshold of <70 may
under-identify impairment. Similarly, the Bayley-I11 Cognitive Composite score has been
found to identify fewer cognitive deficits than the Bayley-11 MDI.4-7:9.10 Though several
studies have proposed alternate Bayley-I11 Cognitive Composite cutoffs for
impairment,*210 none have explicitly proposed an alternate threshold for the Motor
Composite or analyzed the relative contributions of the gross and fine motor subtests.
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In response to the concern for under-identification of impairment using a Motor Composite
score of <70, the NRN has begun to consider utilizing an alternate score to identify
impairment. Alternate scores from 75 to 85 have been proposed. However, prior to enacting
such change, further study was necessary. The primary objectives of this study were thus to
1) determine whether a Bayley-111 Motor Composite score of 85 may overestimate gross
and/or fine motor impairment, 2) analyze the relative contributions of the gross and fine
motor subtests and 3) examine the impact of various theoretical Motor Composite score cut-
points on NDI rates.

Subjects and Methods

The study sample included 1,183 children born <27 weeks gestational age who received
18-22 month follow-up at any of the 16 NRN centers between January 1, 2010 and
December 31, 2011 (Figure 1). This study was approved by the Institutional Review Boards
at all centers, and informed consent was obtained.

Neurodevelopmental Assessments and Classifications

The Bayley-I11 was administered per NRN protocol by experienced examiners, who were
annually certified by 1 of 4 gold-standard psychologists (as described in previous studies),*
and scored as per the Bayley-I11 technical manual.2 This standardized scoring method
includes determining raw scores for the fine and gross motor subtests, each of which are
then converted into scaled scores ranging from 1 (low skill) to 19 (high), with a mean of 10
(SD 3). The fine and gross motor scaled scores are then added together and converted into a
Motor Composite score (mean of 100 (SD 15)), whereby a score <70 is 2 SD below the
mean. In order to determine whether a Motor Composite score of 85 overestimates motor
impairment, benchmark criteria for gross and fine motor impairment were necessary.

Gross Motor

A standard neurological exam was performed by certified examiners, trained to reliability
per NRN protocol*1 and gross motor function was determined using standard GMFCS
levels defined for children <2 years of age.* The neurologic examination includes
assessment of of tone, strength, reflexes, joint angles, and posture. The GMFCS levels
reflect progressively more severe limitations in movement and truncal control, and have
been defined by Palisano® as follows: Level 1 cannot walk independently, but can sit with
hands free, creep/crawl, pull to stand, cruise; level 2 cannot sit without self-support, gets to
sitting, can creep/crawl; level 3 requires external support for lower trunk to sit; and levels
4-5 have progressively more severe limitations. The NRN has qualitatively defined severity
of motor impairment based on these GMFCS levels as follows: Level 1 mild impairment and
Levels =2 as moderate to severe impairment.# Although the GMFCS was originally
designed to classify motor function in children with CP3, the scale has been shown to
reliably rate motor performance in children with Down syndromel2, and has also been used
as an outcome measure (independent of a diagnosis of CP) in a variety of
neurodevelopmental follow-up studies, including several from the NRN13-15 and others16-18
as well. The benchmark criterion for gross motor impairment in this study was defined as a
GMFCS level =2 per NRN protocol? and other studies.1®
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While the GMFCS has been shown to reliably determine gross motor impairment,3-2 no
equivalent test has been published to assist in defining a benchmark for fine motor
impairment in children <2 years of age. In order to define this benchmark for this study,
expert consensus was utilized. Four sets of Bayley-I11 fine motor test items corresponding to
an FMss at the lowest end of the score-able range (FMss of 1 to 4) were identified and
compiled. The skill sets were chosen from the 19.5 to 20.5 month age bracket, since that was
the middle of the NRN testing window of 18-22 months adjusted age. All four skill set
descriptions (Table 3) were submitted to 17 NRN-certified neurological examiners and site-
based NRN-site based occupational and physical therapists, who independently, and masked
to FMss scores, rated the impairment level of each item set, using a rating scale similar to
the one used to define GMFCS levels, namely: level 0- none or minimal, level 1- mild, level
2- moderate, and 3- severe. In order to determine whether the use of expert opinion was
sound, we performed a limited validation of the method, utilizing the percent decrement
method defined by the WHO International Classification of Functioning, Disability and
Health (ICF) and the International Classification of Functioning, Disability and Health:
Children & Youth Version (ICF-CY).19 This method uses percent decrements from normal
functioning to define degrees of impairment, in lieu of calculating scores like the Bayley
does for specific functional sections; and the tool has been used extensively in children
worldwide and found to be valid.1® According to the ICF-CY, a 5-24% decrement signifies
mild impairment, 25-49% moderate impairment, and 50-95% severe. This was applied to the
raw scores corresponding to each of the four Bayley fine motor skill set levels noted above,
by calculating the percent decrement in raw score from the mean raw score for each of the
FMss.

Statistical Analyses

To compare the estimation of impairment obtained using the proposed Motor Composite
cut-point of 85 with alternative cut-points, we conducted a series of analyses to (1) identify
the FMss cut-point which differentiated mild from moderate to severe fine motor
impairment; (2) determine the percentage of variance in the Motor Composite score
accounted for by the Bayley-111 Gross and Fine Motor Scaled Scores (GMss and FMss); (3)
examine the relationship between Motor Composite scores and measures of gross and/or
fine motor impairment; and (4) assess how various cut-points on the Motor Composite score
would affect NDI rates.

To determine the FMss cut-point for moderate to severe impairment, percent distributions of
expert ratings for each FMss were calculated. Percent decrement in Bayley-111 fine motor
raw scores were calculated for each FMss as follows: (raw score for mean- raw score for
given FMss) + (raw score for mean). Linear regression models were used to identify the
unique contribution of Bayley-111 GMss and FMss to Motor Composite scores (i.e.
percentage of variance accounted for), controlling for covariates previously shown to
adversely affect neurodevelopmental outcomes.*

Receiver operating characteristic (ROC) curve analyses and chi-square tests were conducted
to determine the relationship between Bayley-111 motor composite scores and indicators of
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moderate/severe impairment in (a) gross motor skills (defined as GMFCS level>=2), (b) fine
motor skills (defined above), or (c) either gross and/or fine motor skills. We then estimated
the sensitivity, specificity, and positive and negative predictive values of various Motor
Composite score cut-points as indicators of moderate/severe gross and/or fine motor
impairment (defined as above), and repeated the analyses for subsets with diagnoses of
normal, CP and suspect/abnormal non-CP. Finally, we computed the rates of NDI in our
sample for alternative Motor Composite score cut-points, using two different Cognitive
Composite score cut-points (<70 vs. <85), while keeping the other criteria for the NRN
definition consistent (i.e., bilateral deafness, bilateral blindness; moderate-severe CP). All
analyses were conducted using SAS version 9.3.

Of 2303 children eligible for follow-up, the final sample of 1183 excluded 919 deaths, 99
lost, and 102 with missing data (Figure 1). Demographic characteristics of subjects are
described in Table 1.

Analysis of 17 expert ratings of the four fine motor skill sets corresponding to FMss of 1-4
indicated that 100% rated FMss of 3-4 as normal/minimal or mild (thus none as moderate-
severe), whereas 47% rated FMss=2 as moderate to severe, and all rated FMss=1 moderate-
severe. Thus, an FMss cut-point of <3 conservatively differentiated between mild and
moderate- severe impairment (x2(1)=39.54, p < 0.001). Percent decrement in Bayley-111 raw
fine motor scores for the range of FMss of interest was as follows: FMss=1: 31%
(moderate), FMss=2: 26% (moderate), FMss=3: 23% (mild), and FMss=4: 20% (mild),
which supports a mild vs. moderate cut-point of <3 using ICF-CY criteria.

The GMss accounted for 48% of variance in the Motor Composite and FMss for 50% after
adjusting for control variables. Motor Composite scores were strong indicators of gross
motor impairment (GMFCS level =2) with an area under the ROC curve (AUC) of 0.98, fine
motor impairment (Bayley-111 FMss <3) (AUC=0.99), and either type of impairment
(AUC=0.98). Over 90% of children with a GMFCS=2, FMss<3, or composite of the two had
a Motor Composite <73; and motor scores were significantly associated with each of these
outcomes (p <0.001 for each comparison; see Supplemental Figure 2).

Table 2 shows the sensitivity, specificity, and positive and negative predictive values of
Motor Composite scores ranging from 70-85 (in Bayley scaled increments of 3) for
identifying a GMFCS =2 and/or FMss<3 A cut-point of 73 maximized the sum of sensitivity
and specificity for all children; this finding remained when children with CP were removed.
This cut-point also provided high sensitivity and specificity for identifying subjects with
normal neurological findings (sensitivity=100%, specificity=98%) and those with abnormal
or suspect function not due to cerebral palsy (sensitivity and specificity=88%). For those
with CP, sensitivity was high (96%), though specificity was lower (65%), but only a cut-
point of 70 had a higher specificity (Supplementary Tables 4-6). Though a cut-point of 70
had a slightly higher sum of sensitivity and specificity for identifying fine motor impairment
alone, an optimal cut-point of 73 for gross motor impairment more than offset this,
accounting for the optimal cut-point of 73 for the composite of gross/fine motor impairment
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(Table 2). This table also shows that a cut-point of 73 has much better positive predictive
value than a cut-point of 85.
The percentage of children categorized as having NDI, using a Motor Composite cutpoint of
73 determined by this study, along with a cognitive cut-point of 85 proposed by other
studies (leaving the other standard criteria the same-- moderate to severe CP, blindness,
and/or deafness), is 33%.

Discussion

Testing with the Bayley-111 yields higher cognitive and motor scores than those obtained
with the Bayley-I1, despite use in similar populations. This finding has resulted in dilemmas
regarding what score should be considered an appropriate threshold for determining
impairment. The higher observed cognitive scores have been the focus of several recently
published studies,*1% many of which have attempted to define alternate Bayley-111 cognitive
score cut-points that would produce similar rates of NDI to those observed based on Bayley-
1147 9.10 However, there has been limited focus on the motor discrepancies, and limited
proposals and rationales for alternate motor score thresholds for impairment.

A study of extremely preterm children in Australia used a contemporary normal term control
group to determine an alternate 2 SD cutoff of 85 based on the control Motor Composite
mean of 118.4 (SD 16.7).5 Another study of extremely preterm infants found that a Bayley-
I11 Motor Composite score of <94 at 2 years of age was the best predictor of impairment on
the Movement ABC-2 test of motor function at 4 years of age.20

The current study has developed a novel method for determining a meaningful cut-point for
the Bayley-111 Motor Composite score using specific reference points for gross and fine
motor components. In contrast to other studies, we have shown that a Motor Composite cut-
point of 73 had 95% sensitivity and 94% specificity for identifying those with motor
impairment based on a GMFCS >2 and/or FMss <3. Sensitivity is improved over that found
with a Motor Composite cut-point of 70 and specificity over that found with cut-point of 85.
Moreover, this motor cutoff yields an NDI rate of 33%; though this is not as high as the 42%
obtained by raising both motor and cognitive cut-points to 85, it is less likely to overstate
motor impairment.

Despite efforts to determine the ideal cut-point for BSID-I11 scores, there remains ambiguity
regarding which version of the Bayley is actually more accurate, as Aylward has recently
pointed out.2! This is related to the unclear impact of a spectrum of changes in test format,
content and scoring, and of the expansion of the normative sample to include 9.8% children
at risk for developmental delay. Though the format of the Motor Composite preserved the
inclusion of both gross and fine motor items, many changes were made, as detailed in the
Bayley-111 Technical Manual,222 including separate rather than integrated gross and fine
motor subtests, deletion of 22 of 111 Bayley-1lI motor items, modification of 65 of 89
remaining items (53 gross motor and 13 fine motor), transfer of 25 items from the Bayley-11
MDI to the Bayley-I11 fine motor subtest (including 14 with modifications) and addition of
18 new fine motor and 4 new gross motor items. The exact impact of these changes cannot
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be determined, but they likely contribute to observed shift in overall score, as do
concomitant changes in the order of administration and in rules for determining start points,
floors, ceilings and credit for individual items.

Authors of studies referenced above*10 have also speculated about the impact of these and
other factors, as have various commentators.23-2’However, it remains unclear how these
various factors affect scores, how accurately the Bayley-11l measures performance or
estimates impairment and whether or how much thresholds should be adjusted.

While our study sheds further light on this matter, it has several limitations. First, the study
is retrospective. Secondly, the lack of a concurrent term control group limits the ability to
determine whether the Motor Composite over or underestimates motor impairment
compared to a normal population.

Thirdly, the use of expert opinion to define fine motor impairment does not employ an
independent, validated tool. However, this method was utilized in an attempt to overcome
the lack of any published data establishing a fine motor impairment benchmark for
comparison and was deemed appropriate, as the FMss is a component of the Motor
Composite score and so had to be taken into consideration in the analyses. Though several
fine motor tools have been published for 4-18 year-old children, they have not been
standardized for younger children.28-29 Plasschaert et al3C studied the inter-observer
reliability of the Manual Ability Classification System (MACS) in children between 1 and 5
years of age and found a kappa of 0.55 for children under two, which they attributed in part
to difficulty applying a classification system developed for an older age group to children
under two; accordingly, they recommended caution in using the tool for younger children. In
the case of our study, the cut-point determined by expert consensus was further supported by
application of the ICF-CY rating system to FMss. Validity of the expert opinion method
utilized could ostensibly be assessed in future studies by determining whether the results
obtained at this early age predict/correlate with fine motor function later in childhood.
Finally, use of the GMFCS at the young age of 18-22 months may or may not be indicative
of later function and thus may be a limitation. However, this is the standard for long-term
neurodevelopmental assessment of preterm children at this time.

Strengths of the study are the large sample size, the inter-rater reliability for
neurodevelopmental examiners, and the in-depth comprehensive analyses performed
employing available reference tools.

In conclusion, a Bayley-I1l Motor Composite cut-point of 73 has improved sensitivity and
specificity over other cut-points, and is less likely to overstate impairment. We would thus
suggest that a Motor Composite cut-point of 73 would be a more appropriate motor criteria
for determining NDI than a score of 85, at least for extremely preterm infants. Longitudinal
studies and studies including a comparative normal term-born sample are now needed to
validate these results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sample Selection Flowchart
Eighty-five percent of survivors were included in follow-up analysis.
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Table 1

Demographic and Medical Characteristics of Study Sample

Characteristic All (N=1,183) Neurological Classification
Normal (N=780) Abnormal: Non-CP (N=259) Abnormal: CP (N=143)
%) %) %) %)

Male 583 (49) 374 (48) 126 (49) 82 (57)
Race/Ethnicity

Black 470 (40) 317 (41) 95 (37) 58 (41)

White 626 (54) 412 (53) 141 (55) 72 (51)

Other 74 (6) 45 (6) 19 (7) 10 (7)
Gestational age...mean (SD) 25(1) 25(1) 25 (1) 25 (1)
Birth weight... mean (SD) 775 (169) 794 (164) 734 (176) 747 (170)
SGA 74 (6) 35 (4) 30 (12) 9 (6)
Congenital anomaly 25(2) 15 (2) 6 (2) 4(3)
Postnatal steroids 191 (16) 106 (14) 47 (18) 37 (26)
Surfactant 1053 (89) 684 (88) 235 (91) 133 (93)
BPD (traditional definition) 633 (54) 385 (50) 159 (62) 88 (62)
Sepsis 402 (34) 234 (30) 104 (40) 64 (45)
IVH 3-4/PVL 207 (18) 84 (11) 48 (19) 75 (52)
Multiple birth 263 (22) 181 (23) 49 (19) 33 (23)
Proven NEC 125 (11) 76 (10) 29 (11) 20 (14)
ROP 850 (72) 524 (68) 208 (81) 117 (82)
Apgar...mean (SD)

1-minute 4(2) 4(2) 4(2) 3(2)

5-minute 6 (2) 6 (2) 6 (2) 6 (2)
Hospital stay...mean (SD) 116 (47) 105 (35) 130 (57) 145 (59)

Page 11

Acronyms: SGA= Small for Gestational Age, BPD= Bronchopulmonary Dysplasia, IVH= Intraventricular Hemorrhage; PVL= Periventricular
Leukomalacia, NEC= Necrotizing Enterocolitis, ROP= Retinopathy of Prematurity

*
Results presented as n (% of column N) unless otherwise specified as mean (SD).

J Perinatol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Duncan et al.

Table 2
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Sensitivity, Specificity, Positive and Negative Predictive Values of Bayley |1l Motor Composite Scores for
Indicating Gross and/or Fine Motor Impairment

Outcome Motor Sensitivity  Specificity  Positive Predictive Value

Composite Cut
Point

Negative Predictive Value

GrossMotor Impairment
GMFCS Level =2 70
73
76
79
82
85
Fine Motor Impair ment
FMss <3 70
73
76
79
82
85
Grossand/or Fine Motor
Impairment*
GMFCS Level = 2 and/or FMss 70
<3
73
76
79
82
85

88
94
95
97
98
99

100
100
100
100
100
100

89
95
96
97
98
99

94
93
90
86
80
75

93
92
89
84
79
73

95
94
91
87
81
76

58
54
46
38
31
26

38
32
26
21
16
13

67
62
53
44
36
30

99
99
99
100
100
100

100
100
100
100
100
100

99
99
99
100
100
100

*
Of the 98 children with GMFCS=2, 71 had data for the fine motor composite scores. Of those 71, 31 (44%) had a fine motor score < 3. Of the 45

children with fine motor impairment, 31 (69%) had GMFCS2>2.
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Table 3

Fine Motor Skills Sets from Bayley-111 for 19.5 month to 20.5 month Age Bracket

Fine Motor Raw Score | Skill Set: Taskschild likely to be ableto do to get given score

Scaled Score

1 25 Brinlglj lt)locks to midline with both hands simultaneously and Use pads of thumb and any finger-tip to grasp
a pelle

2 26 Above plus: Isolate extended index finger or scribble spontaneously

3 27 Above plus: Stack two blocks or imitate a random stroke

4 28 Above plus: Place ten pellets in a bottle within 60 seconds
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