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Abstract

Purpose: To evaluate longitudinal applicability of the Gross Motor Function Measure (GMFM) in infants younger than 2 years.

Methods: Twelve infants at very high risk for cerebral palsy were enrolled between 1 and 9 months corrected age. The children were assessed 4 times during 1 year with the GMFM-66, GMFM-88, and other neuromotor tests.

Results: Longitudinal use of the GMFM in infancy was hampered by age and function-specific limitations. The GMFM-66 differentiated less at lower-ability levels than at higher-ability levels. The GMFM-88 demonstrated flattening of the developmental curve when infants had developed more motor abilities. We formulated adaptations for the longitudinal use of GMFM in infancy.

Conclusions: To facilitate use of the GMFM in infancy, an adapted version may be an option. Further research is required to assess reliability and validity, and in particular, the sensitivity to change of the suggested adaptations.
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INTRODUCTION AND PURPOSE

The Gross Motor Function Measure (GMFM) is a reliable and valid instrument to measure gross motor functioning in children with cerebral palsy (CP).1–4 It is widely used for both clinical and research purposes. The GMFM was developed in the 1980s, as a measurement tool to detect changes in gross motor development in children with CP. The originally published GMFM had 88 items, subdivided into 5 dimensions: A, lying and rolling; B, sitting; C, crawling and kneeling; D, standing; and E, walking, running, and jumping. A child developing typically will perform all items around the age of 5 years. The more recent version of the GMFM-88, the GMFM-66,1 adapted the original instrument to be an interval measure. It takes “not observed” behavior into account by estimating scores for items not shown on the basis of shown items. The resulting total score has limited the contribution of prior dimensions A and B and, to a lesser extent, of the prior dimension C. The GMFM-66 can be used to calculate only total scores and not dimension scores.1 It is conceivable that the limited contribution of dimensions A and B makes the GMFM-66 less suitable for young infants, as they will score only or primarily in the first dimensions. To improve use of the GMFM in busy clinical practices, subsets of items based on a child's ability are used in the GMFM-66 item sets and the GMFM basal and ceiling approach. Both versions have a good reliability and validity in children aged 2 to 6 years.5,6

The achievement level of children with CP depends on the severity of impairment. Severity of gross motor impairment is currently expressed in terms of the Gross Motor Function Classification System (GMFCS).7 For children with CP at GMFCS levels I and II, gross motor development as measured by the GMFM-66 reaches a plateau around 6 to 7 years.8 Children at GMFCS levels III, IV, and V will reach their plateau at an earlier age.9 This means that the upper age limit of the GMFM depends on the child's GMFCS level. Lower age limits for the application of the GMFM have not been indicated.1 However, it could be argued that a lower age limit exists, as CP is often not reliably diagnosed before the age of 18 months.10 Limited information is available on the use of the GMFM in infants younger than 18 months who are at risk for or suspected of developing CP.

The original validation sample of the GMFM of 111 children with CP, aged 5 months to 15.4 years, included assessments of 21 children aged between 5 months and 2 years. It was reported that younger children showed more change in GMFM scores with increasing age. The youngest children showed most changes in dimensions A, B, and C. Interrater reliability and agreement between the professionals' and the parents' prior judgments were lowest on these 3 dimensions.1,11 Three other groups of authors addressed characteristics of GMFM scores in infancy.12–14 They did not agree on the applicability of the GMFM to monitor gross motor development at an early age. Jelsma et al12 described the development of GMFM scores over a period of 8 months in 12 infants who showed clear neurological dysfunction at the age of 4 months. They reported that GMFM scores do not increase in a linear fashion and may vary to a great extent.12 Difficulties in assessing GMFM in very young children may have contributed to the variation. Kolobe et al13 described changes in GMFM scores over a 6-month period in 42 infants with CP or motor delay, indicating that application of the GMFM for children younger than 2 years is hampered by age and developmental characteristics of infancy. Wei et al14 studied the use of the GMFM-88 in children aged 3 to 36 months. On the basis of Rasch analysis, they excluded some items of dimensions B, C, and E and constructed a version with 73 items. This GMFM-73 was no more reliable than the GMFM-66. They therefore concluded that the prior GMFM-66 is a reliable and valid instrument for children younger than 3 years.14

The aim of this study was to describe developmental changes seen in infants at high risk for CP by using the GMFM-88 and GMFM-66 over a 1-year period. We planned to describe problems encountered in (a) the application of items, (b) scoring of items, and (c) developmental changes over time and to compare the infants' developmental trajectories on the GMFM-88 and GMFM-66, that is, the changes over the 1-year period, with the developmental trajectories measured with 3 other scales of infant motor development (the Alberta Infant Motor Scale [AIMS],15 the Bayley Scales of Infant Development–II Psychomotor Development Index [BSID-II PDI, Dutch version],16 and the Infant Motor Profile [IMP]).17 Our aim was also to present suggestions for adaptation of the GMFM for use in infancy.
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METHODS

Subjects

Twelve infants (7 boys and 5 girls) from the LEARN2MOVE 0-2 years study18 participated. The medical ethics committee of the University of Groningen granted approval for the study. The trial is registered with the Dutch Trail Registry as NTR1428. Infants were included after their parents gave informed consent. Inclusion criteria were a corrected age between 1 and 9 months and a very high risk for CP. The latter was based on the presence of 1 of the following criteria: (a) cystic periventricular leukomalacia, diagnosed on serial ultrasound assessments of the brain19 (n = 2), (b) unilateral or bilateral parenchymal lesion of the brain20 (n = 4), (c) term/near-term asphyxia resulting in Sarnat21 score 2 or 3 (n = 4) with brain lesions on magnetic resonance imaging, and/or (d) neurological dysfunction during infancy, suggesting the development of CP (n = 2). Exclusion criteria were an additional severe congenital disorder, such as serious congenital heart disorder, or caregivers with insufficient understanding of the Dutch language. The median gestational age was 39 weeks (range, 27–41 weeks); median birth weight was 3140 g (range, 720–5400 g).
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Study Design

The GMFM-88 and GMFM-66 were used as part of an extensive assessment battery that occurred over a 2- to 3-day period.18 The GMFM was examined at baseline (T0) and after 3 months (T1), 6 months (T2), and 12 months (T3). Most examinations were carried out at the children's homes with one or both parents present. Assessments were performed by 2 trained GMFM examiners, with the assistance of an assessor with a master's degree in human movement sciences. All assessments were video recorded. Total GMFM-88 scores and dimensions scores were determined. In addition, GMFM-66 scores were determined with the Gross Motor Ability Estimator.

Other neuromotor tests used were the AIMS,15 the BSID-II PDI, Dutch version,16 and the IMP.17 The AIMS is a reliable and valid15 instrument to assess gross motor development in infants from birth through 18 months or when a child is independently walking. The BSID-II PDI is a reliable and valid tool frequently used to measure fine and gross motor skills.16 Both the AIMS and the BSID-II PDI are discriminative, norm-referenced measures standardized on a population-based sample.15,16 Clinically, the AIMS and BSID-II PDI are not only used to detect children at risk for developmental disorders but they are also often applied as tools to describe developmental change.22,23 The IMP is a recently developed video-based assessment that provides information on a child's motor repertoire and his or her ability to adapt motor behavior to the specifics of the situation. It is suitable for the evaluation of motor development in infants developing typically or atypically. The IMP consists of 5 subscales: variation, variability, performance, symmetry, and fluency. The initial studies of the psychometric properties of the IMP indicate satisfactory to good reliability and validity.17,24 In this study, we used the IMP's performance scale to measure motor abilities in a way comparable to that of the other neuromotor tests.

Neurological condition was assessed with the Touwen Infant Neurological Examination.25 The Touwen Infant Neurological Examination assessment at T3 was used to describe the infant's neurological outcome at the end of the study period. The Touwen Infant Neurological Examination is a reliable neurological examination that includes traditional neurological signs and also quality of motor behavior.25 Children were classified as neurologically normal, minor neurological dysfunction, or neurologically abnormal. The latter implies the presence of a clear neurological syndrome, such as a hemisyndrome. The GMFCS levels were determined to give an impression of the level of functioning, keeping in mind that GMFCS levels are less precise at young ages and should be redetermined after the age of 2 years.26
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Data Analyses

We first plotted developmental trajectories of the GMFM-88 and GMFM-66 scores and the other neuromotor tests (AIMS, BSID-II PDI, IMP performance scale) and assessed changes over time with non–parametric-related sample tests (Friedman and Wilcoxon sign rank tests). An α level of less than .05 was considered statistically significant. For the AIMS and the BSID-II PDI, raw scores were used because most infants scored below the minimum score for their age. The use of raw scores has been described for the BSID-II PDI, with the argument that using raw scores may have advantages in comparison with using developmental indexes for certain infants, for example, infants born preterm.27 Similar arguments may be applicable for the AIMS.

Next, we summarized the problems encountered in the application of GMFM-88 and GMFM-66 and formulated suggestions for adaptations to improve application of the GMFM in infancy. Finally, we applied the suggestions in our study sample and calculated adapted GMFM scores. We visualized and compared the developmental trajectories of the original and adapted GMFM scores and compared them with those of the other neuromotor tests.

Back to Top

RESULTS

Neuromotor Development

At the final examination, 6 children were classified as neurologically abnormal, the other 6 showed minor neurological dysfunction. Details of neuromotor condition measured with the various tests are provided in Table 1.

[image: Table 1]TABLE 1 Developmental Outcome on the Various Neuromotor Tests
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Developmental Trajectories of GMFM Scores and Other Neuromotor Tests

Both GMFM-88 and GMFM-66 scores and the scores on the other neuromotor tests (AIMS, BSID-II PDI, IMP performance scale) changed significantly over time (Friedman P = .0001; Figure 1A). During the first 6 months of observation, the infants showed a substantial increase in scores of all neuromotor tests (Wilcoxon P: AIMS, .002; BSID-II PDI, .003; IMP performance, .002; GMFM-88 total score, .002; GMFM-66, .002). In the second half year of observation, the scores of the AIMS (P = .007), BSID-II PDI (P = .007), IMP (P = .010), and GMFM-66 (P = .003) continued to show statistically significant increases, whereas the increase in GMFM-88 total score failed to reach statistical significance.

[image: Fig. 1]Fig. 1. Developmental curves of group values of the GMFM and other neuromotor tests. A, Total GMFM-88 scores, GMFM-66, and other neuromotor tests. B, GMFM-88 total scores and dimension scores. C, Total GMFM-88, GFMF-66, and adapted GMFM scores. D, Adapted total GMFM-88 scores and adapted dimension scores. AIMS indicates Alberta Infant Motor Scale; BSID, Bayley Scales of Infant Development Psychomotor Development Index; GMFM, Gross Motor Function Measure; IMP, Infant Motor Profile.



Inspection of the individual GMFM-88 data revealed that most infants clearly changed over time. Some children, however, showed only minor changes in GMFM-88 scores, that is, only minor improvement or deterioration in GMFM-88 scores. This phenomenon was observed especially between T2 and T3 (Figure 2A), where the curve of the GMFM-88 in comparison with the other neuromotor tests flattened (Figure 1A). The relative flattening of the GMFM-88 curve was brought about especially by dimension A, where scores dropped with increasing age (Figure 1B).

[image: Fig. 2]Fig. 2. GMFM scores of individual infants. A, Total GMFM-88 scores. B, GMFM-66 scores. C, Total adapted GMFM scores. GMFM indicates Gross Motor Function Measure.



The GMFM-66 scores improved between T2 and T3 in 11 of 12 infants (Figure 2B). However, we also noted that application of the GMFM-66 resulted in identical scores in 8 of 24 assessments at T0 and T1 (score 22.66; Figure 2B), whereas the GMFM-88 (and the other measures of motor development) suggested more heterogeneity. The GMFM-88 scores at T0 and T1 were identical only on 2 occasions (Figure 2B).

The findings suggest that the GMFM-88 is the better tool to differentiate gross motor function in infants with relatively low motor abilities, whereas the GMFM-66 differentiates better when infants have developed more motor skills.

The advantages and limitations of the GMFM-88 and GMFM-66 in infancy may hamper, however, their longitudinal use in infancy. We therefore embarked on the development of adaptations of the GMFM, which may result in scores that reflect developmental change and within-group variation throughout infancy.

In the next paragraphs, we first describe the problems that we encountered when applying the GMFM-88. We continue with suggestions for solutions to improve the use of the GMFM in infancy to monitor development at young age. Finally, the resulting adaptation of the GMFM was applied to describe developmental change in the 12 infants included in the study.
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GMFM: Practical Problems and Their Solutions

The practical problems and suggestions for solutions are summarized in Table 2. The nature of the practical problems during GMFM assessments was related to the infants' abilities, in particular, their ability to crawl. In the 48 measurements that were performed, we assessed 31 times (of the 48 measurements) an infant who did not show progression in the prone position; 6 times an infant who crept (abdominal crawling), and 11 times an infant who crawled (move on all fours, without abdominal support). During 5 assessments, the infant walked independently.

[image: TABLE 2-a GMFM-88 It...]TABLE 2-a GMFM-88 Items That Were Problematic in Infants, With Suggestions for Adaptation
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Infants Who Are Not Yet Able to Crawl on All Fours

[image: TABLE 2-b GMFM-88 It...]TABLE 2-b GMFM-88 Items That Were Problematic in Infants, With Suggestions for Adaptation



Few problems were encountered for the infants who were not yet able to crawl. Infants who were not crawling demonstrated items in dimensions A and B, with an occasional addition of the “creeping” item of dimension C (C38). The difficulties met were related to the specifics of infant behavior. The items and the difficulties encountered are listed in Table 2. This table also includes suggestions for adaptation. The ability to creep is not included in the GMFM-66. In our opinion, creeping is an important motor ability, as it is the earliest form of locomotion,30–32 and being able to locomote and thereby to explore the environment is associated with improved cognition.33 Therefore, we suggest including the “creeping” item in the evaluation of infant performance. We suggest giving credit for the creeping item if infants are able to crawl, because the presence of the ability to crawl usually puts an end to creeping behavior.
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Infants Younger Than 2 Years Who Prefer the Prone Position (With or Without Progression in Prone Position)

When infants are able to roll, some will immediately turn to the prone position when placed in the supine position. This means that they are awarded no points for the supine position, although for most children, it is obvious that they are able to perform supine position items. Our suggestion for adaptation of GMFM scoring in infants who immediately turn into the prone position when placed in the supine position is the following: the score of dimension A would be equal to the score of all prone position items divided by the maximum prone position score of dimension A (including rolling into prone position; maximum 30 points).
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Infants Younger Than 2 Years Who Are Able to Crawl on All Fours

By the time infants develop more motor abilities, they usually will not show the previously acquired easier ones. For example, when an infant is able to crawl, he/she usually does not show prone position behavior, as the infant has a strong urge to crawl. The easier items cannot be elicited either, as verbal instruction does not work very well in infancy. The inability to follow verbal instructions makes the situation in infants different from that in older children. As the GMFM is based on behavior that is observed, this may result in relatively low scores and no or rather small improvements in the total GMFM score despite favorable progression of motor development. Especially dimension A is difficult to elicit when an infant is able to crawl. This may induce a sudden drop in the score of dimension A with increasing age (Figure 1B), and interfere with an increase in total GMFM-88 score matching advanced development (Figure 2A).

Our suggestions for adaptation of GMFM scoring in infants who are able to crawl on all fours include the following (for details, see Table 2). First, if the infant does not show the items of dimension A, award an 80% score for dimension A. This is an arbitrary choice based on the dual notion of advanced development and the observation that most children do not reach a maximum GMFM score. Second, remove items A3, B19, B20, B34, C49, C50, D60, D61, E70, E73, and E74. Removal of the items results in lower maximum scores for the GMFM dimensions. Adapted maximum scores for the various dimensions are A, 48 (originally 51); B, 51 (originally 60); C, 36 (originally 42); D, 33 (originally 39); and E, 63 (originally 72). An alternative approach would be to use clinical judgment to infer what the infant would be able to achieve. However, we refrained from this solution to keep as closely as possible to one of the basic principles of GMFM assessment: scores are based on observed behavior.
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Developmental Trajectories of the Adapted GMFM Scores

Application of the adapted GMFM scores resulted in GMFM trajectories that like the GMFM-66 trajectories did not flatten (Figure 2C). The adapted GMFM total score improved significantly over time (Friedman P = .0001), not only during the first 6 months of observation (Wilcoxon P = .002) but also during the second 6 months (Wilcoxon P = .003). Inspection of the individual data showed improvement over time in virtually all instances and substantial heterogeneity in scores (only 2 instances of identical scores at T0 and T1). Application of the adapted GMFM abolished the decrease of dimension A of the GMFM-88 with increasing age and changed it into an increase (Figure 1D). Visual inspection of the developmental curves of the various versions of the GMFM (eye balling) of the children who were diagnosed with CP (n = 6) and those not diagnosed with CP (n = 6) suggested that the curves of the 2 groups were largely similar, however, with lower scores in children with probable CP than in children without probable CP (Figure 3).

[image: Fig. 3]Fig. 3. GMFM scores over time for infants with and without probable CP. A, Infants who will probably develop CP. B, Infants who will probably not develop CP. CP indicates cerebral palsy; GMFM, Gross Motor Function Measure.
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DISCUSSION

This study indicated that the application of the GMFM in infancy is associated with practical problems. This held true for the GMFM-88 and GMFM-66, but for each version in a different way, which hampers the longitudinal use of the GMFM during infancy. We therefore made some suggestions for an adapted GMFM for infants younger than 2 years.

The finding that GMFM-88 scores improved less when infants grew older could be largely attributed to behaviors specific to young children: infants, in general, do not show previously acquired motor abilities when they are able to perform more difficult ones. This means that infants who show progress in motor behavior “fail” to show “easier” behavior with negative consequences for the GMFM-88 score. This was also described by Kolobe et al13. They suggested awarding points for some items when other items are already passed,13 similar to some of our adaptations. Jelsma et al,12 who applied the GMFM-88 in infancy, reported nonlinear development. We found similar non-linearity that disappeared with the use of the adapted GMFM. Wei et al,14 however, did not describe practical problems when using the GMFM to assess children from 0 to 3 years and concluded that the GMFM-66 is a reliable and valid instrument at young ages. A possible explanation for the different appreciation of the applicability of the GMFM in the Wei et al study could be related to the group studied. While in the current study and the studies of Kolobe et al13 and Jelsma et al,12 infants at a very high risk for CP with and without an established diagnosis were assessed. On the contrary, Wei et al assessed children who all had the diagnosis CP at the ages of 3 to 36 months. In general, it is difficult to diagnose CP during the first postnatal year. In children with the more severe forms of CP, however, the probable diagnosis of CP can be made earlier.10 This might imply that the youngest infants studied by Wei et al had a severe type of CP and relatively low motor abilities. Such children usually are not able to crawl, which makes the GMFM easier to apply. In addition, a substantial part of the Wei et al sample was older than 2 years, which increases the possibility for instruction of the child. Moreover, in contrast to our study, the focus of the Wei et al study was not on developmental change, as only 40% of the children had more than 1 assessment.

We choose the GMFM-88 as a starting point for our suggestions for an adapted GMFM version to prevent loss of important information, especially in the lower-ability dimensions and to be able to profit from the fact that the GMFM-88 also furnishes dimension scores in addition to the total score. The presence of dimension scores is an advantage because, in infancy, dimension scores reflect functional level in more detail than the total score. The GMFM-66 contains few items from the lower-ability dimensions, thereby possibly limiting its sensitivity to change in the youngest infants. The GMFM-66 and adapted GMFM version reached about the same point after 12 months (Figure 1C). However, in the beginning, the GMFM-66 did not differentiate as well as the adapted version, because the GMFM-66 uses only a few lower-ability items. The adapted GMFM version is designed for clinical use, that is, the documentation of individual trajectories reflecting developmental change from an early age onwards by means of measurable and interpretable items. To this end, we combined the clinical usefulness of the GMFM-88, maintaining the dimension scores, with the longitudinal advantages of the GMFM-66. Inclusion of the lower-ability dimension items has the advantage of applicability in young infants and severely affected infants.

The strengths of our study are the exploratory character to discover and solve practical problems and the longitudinal design with 4 data points at early ages, which made it possible to analyze 48 assessments of 12 children. Infants were at risk of CP, according to well-defined strict inclusion criteria.18 At the data collection points, GMFM scores were compared with those of 3 other neuromotor tests, which allowed for a comprehensive comparison.

In contrast, the small sample size is a major limitation. We based our suggestions for adaptations on critically judging whether items would work in infancy taking into account the age-specific characteristics of the developing infant. It is good to note that some of our decisions have a clinically based character. We tested the adaptations of the GMFM in our small study population. This means that our study certainly precludes firm conclusions. More research in larger groups of infants is needed to study the applicability, reliability, and validity of the adapted GMFM version for infants, and in particular its sensitivity to change. Another limitation is the varying age at which the infants were included and examined. Infants were included between 1 and 9 months corrected age and were examined 3, 6, and 12 months after inclusion. We do not consider this a major limitation, because developmental change is more important in children with or at high risk of CP than age-related performance. In this study, half of the children were diagnosed with CP at 18 months. The age of 18 months is relatively early to diagnose CP. It is conceivable that some of the children grow out of their diagnosis, while others will grow into it.10 Interestingly, visual comparison of the developmental trajectories of GMFM scores of the infants with CP at 18 months with those of children without CP suggested that the GMFM curves in both groups were similar. In addition, it may be regarded as a limitation that we used the raw scores of the AIMS and BSID-II PDI. We used raw scores as they showed changes over time while percentile scores (AIMS) or developmental scores (PDI) were insensitive to change as the children consistently scored below the minimal required level to calculate these scores (see also Janssen et al27). In our comparison between GMFM scores and development measured with other neurodevelopmental tools, we were hampered by the fact that no reference standard exists for testing change in and evaluation of motor function in infancy.34

Finally, it is good to realize that at the end of the study, the infants' ages were 14 to 20 months. All had neurological dysfunction. But it was not clear whether all infants would develop CP, because especially the milder types of CP are difficult to diagnose at early ages.10,11
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CONCLUSIONS

Application of the GMFM before the age of 2 years is hampered by age-specific limitations. We therefore suggest age and function-specific adaptations to facilitate the use of the valuable GMFM in infancy. Our preliminary data suggest that the sensitivity to change of the adapted GMFM version is promising. Further research is, however, required to assess the reliability and validity of the adapted version of the GMFM in infancy.
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Encountered Problems Suggested Solution

a. GMFM—Dimension A: Lying and Rolling
Al: Supine position, head in midline: turns head
with extremities symmetrical
0. Does not maintain head in midline
1. Maintains head in midline 1-3 s
2. Maintains head in midline, turns head with
extremities asymmetrical
3. Turns head with extremities symmetrical

A3: Supine position: lifts head 45°
0. Does not initiate neck flexion
1. Initiates neck flexion
2. Lifts head <45°
3. Lifts head >45°

AL1: Prone position on forearms: lifts head
upright, elbows extended, chest raised
0. Does not initiate head lifting
1. Initiates head lifting, chin does not clear mat
2. Lifts head, does not attain upright, weight on
forearms
3. Lifts head upright, elbows extended, chest
raised
Al4/15: Prone position: rolls to supine position
over right/left side
0. Does not initiate rolling
1. Initiates rolling
2. Rolls part way to supine position
3. Rolls to supine position over right/left side

b. GMFM—Dimension B: Sitting
B18: Supine position, hands grasped by examiner:
pulls self to sitting with head control

B19/20: Supine position: rolls to right/left side,
attains sitting
0. Does not initiate sitting from right/left side

lying position

1. Rolls to right/left side, initiates sitting
2. Rolls to right/left side, partially attains sitting
3. Rolls to right/left side, attains sitting

B30: Sitting on mat: lowers to prone position with
control
0. Does not initiate lowering to prone position
1. Initiates lowering to prone position
2. Lowers to prone position, but “crashes”
3. Lowers to prone position with control

B34: Sit on bench: maintains, arms and feet
free, 10 s
0. Does not maintain sitting on bench
1. Maintains, arms propped and feet supported,
10s
2. Maintains, arms free and feet supported, 10 s
3. Maintains, arms and feet free, 10 s

c. GMFM—Dimension C: Crawling and Kneeling

C38: Prone position: creeps forward 1.8 m
0. Does not initiate creeping forward
1. Creeps forward <60 cm (2 ft)
2. Creeps forward 60 cm-1.5 m (2-5 ft)
3. Creeps forward 1.8 m (6 )

Difficult to interpret or score as 2 Adapted scoring:
phenomena are assessed, ie, ability to 0. Does not maintain head in midline
maintain the head in midline position 1. Maintains head in midline 1-3 s
and dependency of arm movements on 2. Maintains head in midline >3 s, arm

head position. motility depends on head position; eg,
arm is extended on facial side and flexed
on the occipital side

3. Maintains head in midline >3 s, arm

motility independent of head position

Difficult to interpret as most infants Remove the item
developing typically do not lift their
head >45" in supine position. In infants
at risk, head lifting in supine position is
associated with worse cognitive
outcome?$:2

A1l overlaps with A10 (score 0 and 1 are
the same), which makes dimension A
less sensitive to changes.

We suggest change of A11 to prevent this
overlap. Adaptation of item A11: prone
position on forearms
0. Does not use forearms to lift chest
1. Initiates use of forearms to lift chest, but

does not succeed
2. Weight on arms, without elbow extension
3. Weight on forearms, with elbow extension

Add to the instruction that any rolling action,
voluntary or involuntary, allows for a
positive score

Difficult to interpret or score as the word
initiates suggests a voluntary action of
the infant. It is, however, in infancy not
always clear whether the rolling action
of an infant is voluntary or involuntary

Infants with better motor abilities refuse to
lie in supine position or will make a
game of pull to sit and will deliberately
“hang” in the examiner’s hands.

Difficult to elicit in infancy

Infants who are able to sit up independently
are awarded 3 points

Remove the item

Infants with better motor abilities will not
lower to prone position but will move,
eg, to crawling position

Adaptation of item B30:
Sitting on mat: lowers with control to any
prone position, including crawling position.
0. Does not initiate lowering to prone
position
0. Initiates lowering to prone position
1. Lowers to prone position, but “crashes”
2. Lowers to prone position with control
Limited attention span interferes with the Remove the item
maintenance of this position

Infants with better motor abilities will not
show creeping anymore

If an infant is able to crawl, award 3 points

(continues)
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To, Baseline Tj7,3 mo T2,6mo T3,12mo

Age, mo

Median 35 7 10 15.5

Range 1.5-7 4.5-10 7.5-14 14-20
AIMS

Median 6 12 22 43

Range 2-19 4-46 7-45 5-57
BSID-11 PDI

Median 14 31 37 56

Range 8-36 7-54 4-61 4-107
IMP performance

Median 67 74 76 80

Range 56-75 62-83 62-84 64-87
TINE

N/MND/A? 0/3/9 0/4/8 0/4/8 0/6/6
GMFCSP

II/M/IV/V - Not applied  Not applied Not applied  1/2/1/0/2

Abbreviations: A, neurologically abnormal; AIMS, Alberta Infant Motor
Scale; BSID-II PDI, Bayley Scales of Infants Development-II Psychomo-
tor Development Index; GMFCS, Gross Motor Function Classification
System; IMP, Infant Motor Profile; MND, Minor Neurological Dys-
function; N, neurologically normal; TINE, Touwen Infant Neurological

Examination.

*Neurologically abnormal refers to having a clear neurological syndrome.
PGMFCS levels for the children who were diagnosed as having cerebral

palsy.
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