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R E S E A R C H R E P O R T

Early Intervention and Postural Adjustments During Reaching in Infants at Risk of
Cerebral Palsy

Lieke C. van Balen, MSc, MD, PhD; Linze-Jaap Dijkstra, BSc; Tineke Dirks, PT; Arend F. Bos, MD, PhD;
Mijna Hadders-Algra, MD, PhD

University of Groningen, University Medical Center Groningen, Department of Pediatrics, Division Developmental Neurology (Drs van Balen and
Hadders-Algra, Mr Dijkstra, and Ms Dirks) and Neonatology (Dr Bos), Groningen, the Netherlands.

Purpose: To investigate postural effects of the family-centered program, COPing with and CAring for infants with special
needs (COPCA), applied at 3 to 6 months’ corrected age in infants at high risk of cerebral palsy. Previously, we reported
postural differences between the infants at risk of CP in the control group of the current study and a group of infants
developing typically. Now we focus on differences between 2 intervention groups.
Methods: We explored postural adjustments during reaching in seated infants at 4, 6, and 18 months using surface
electromyography of arm, neck, and trunk muscles. Infants randomly received the family-centered program or another
infant physical therapy. Using videotaped intervention sessions, we investigated correlations between time spent on specific
physical therapeutic actions and direction specificity, recruitment order, and anticipatory activation at 18 months.
Results: Postural adjustments in both groups were similar, but development of direction specificity and anticipatory
activation in COPCA infants better mimicked typical development. These 2 parameters were associated with COPCA-type
physical therapeutic actions.
Conclusions: Postural control was similar after both interventions. Positive outcomes were associated with fewer
intervening actions of the therapist and greater allowance of spontaneous movements. (Pediatr Phys Ther 2019;31:175–183)
Key words: cerebral palsy, early intervention, electromyography, infants, pediatric physical therapy, postural control,
reaching
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INTRODUCTION

Balance training may improve postural control in infants
developing typically1-3 and in older children with cerebral
palsy (CP)4-7 and other neuromotor disorders.8 Previously,
we performed a randomized controlled trial (RCT) on early
intervention (the VIP trial) that compared the effect on motor
development and functional mobility of the novel family-
centered program COPCA (COPing with and CAring for infants
with special needs) to another infant physical therapy program
(IPT, the comparison group) provided between 3 and 6 months’
corrected age (CA). Physical therapy sessions of this study were
video-recorded to quantitatively analyze the physical therapy
contents to evaluate associations between specific physical ther-
apeutic actions and outcome measures. This evaluation showed
that higher scores of functional mobility at 18 months were
associated with COPCA characteristics such as family involve-
ment and coaching of family members (ie, observing [hands off],
listening and informing, aiming to empower caregivers so that
they feel free to explore and discuss alternative strategies during
daily care activities [including play], by which the infant is chal-
lenged to self-produce motor behavior).9 The IPT characteristic
“therapeutic handling” (applying handling and pressure tech-
niques) was associated with lower functional mobility scores.9
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Since functional mobility was influenced by several phys-
ical therapeutic actions, and since functional mobility depends
in part on postural control, the next question we investigated
was whether the interventions also influenced postural control.
Recently, we compared postural control data of the comparison
group of the abovementioned study (the infants at high risk for
CP who had received IPT) with postural data of infants devel-
oping typically. We found that the infants at high risk for CP
gradually grew into a deficit of postural control between 6 and
18 months’ CA.10 For our current article, we aimed to compare
postural parameters of the infants who had received COPCA
with those who had received IPT.

The COPCA program has a family component, stressing
family autonomy,11,12 and a motor component based on the
neuronal group selection theory (NGST), which stresses the
importance of trial-and-error experience for optimal motor
development.13 The NGST proposes 2 phases of development:
primary and secondary variability. The former consists of explo-
ration of all possibilities of the motor repertoire. In the latter
phase, the child learns through trial and error to adapt the var-
ious motor strategies to specifics of the situation. The NGST
may also be used to explain development of postural control.
According to the central pattern generator model, postural con-
trol is organized into 2 functional levels.14 The first or basic level
consists of direction specificity, which means for instance that
when balance is threatened by a forward body sway, the mus-
cles on the dorsal side are primarily activated. The second level
consists of fine-tuning of direction-specific adjustments to the
specifics of the situation, for example in the number of direction-
specific muscles that are activated and the order in which they
are activated.

We found that direction specificity increased between 6 and
18 months in infants developing typically but not in infants at
high risk of CP.10 In addition, infants at high risk for CP showed
fewer anticipatory postural adjustments at 18 months than
infants developing typically, and postural adjustments became
slower at 18 months in infants at high risk for CP but not
in infants developing typically. These differences may reflect
impaired selection of optimal motor strategies in infants at risk
of CP, in other words impaired secondary variability. As the
motor component of COPCA is based on increasing trial-and-
error experience of the infants to improve adaptability (ie, to
improve the ability to adapt motor behavior), we hypothesized
that the differences we found between the infants at high risk of
CP and the infants developing typically might be mitigated by
COPCA. Therefore, in this explorative study we computed the
postural control parameters for the COPCA group of the VIP
trial and compared them with those of the IPT group reported
earlier.10 We also explored associations between specific phys-
ical therapeutic actions and postural parameters.

MATERIAL AND METHODS

Participants

Infants admitted to the neonatal intensive care unit of the
University Medical Center Groningen in 2003 to 2005 were eli-
gible for inclusion if they presented with definitely abnormal
general movements (GMs) at 10 weeks’ CA. Definitely abnormal

general movements at this age indicate a high risk of devel-
oping CP.15,16 Intraobserver and interobserver agreement of
GM assessment of skilled observers is high (κ values approx-
imately 0.80), implying an excellent interrater and test-retest
reliability.15 GM assessment was carried out by 2 assessors who
had over 10 years of experience in this assessment.

Infants with severe congenital anomalies and infants whose
caregivers had an inadequate understanding of the Dutch
language were excluded from the study. Forty-six infants (20
boys and 26 girls) were enrolled at 3 months’ CA (gestational
age at birth 25-40 weeks; birth weight 585-4750 g). The infants
were randomized through block randomization (full-term
infants, blocks of n = 2; preterm infants, blocks of n = 12)
to receive either COPCA or IPT. Group characteristics are in
Table 1. The infants’ parents gave informed consent and the
ethics committee of the University Medical Center Groningen
approved procedures. The trial was registered at the ISRCTN
registry with trial registration number ISRCTN85728836.

Intervention

The intervention was given between 3 and 6 months’ CA.
The COPCA program was given twice a week for 1 hour in the
home situation. The frequency and location of IPT depended
on the pediatrician’s advice and was mostly provided at home.
Three infants in the comparison group did not receive physical
therapy, at the pediatrician’s advice. After the randomized inter-
vention period, 38 infants received physical therapy between the
ages of 6 and 18 months. In the COPCA group, 16 infants con-
tinued with physical therapy (13 with COPCA [median number
of sessions 2] and 3 with IPT as no COPCA coach was available
[median number of sessions 10]), 4 infants stopped receiving
physical therapy, and data were missing for 1 infant. In the
IPT group, 22 infants continued with physical therapy (all IPT;
median number of sessions 14), 2 infants did not receive phys-
ical therapy between the ages of 6 and 18 months, and data were
missing for 1 infant.

Study Protocol and Outcome Measures

This article describes the effect of early physical therapeutic
intervention on parameters of postural control, which was a sec-
ondary outcome parameter of the early intervention trial. Pos-
tural control was assessed with electromyography (EMG) at 4,
6, and 18 months’ CA. At 18 months, the infants were neurolog-
ically assessed according to Hempel.18 The diagnosis of CP was
based on the neurological examination at the age of 18 months.
In children with CP, gross motor function was classified with
the Gross Motor Function Classification System (GMFCS).19

Two infants were not assessed at 18 months for logistical
reasons.

In order to evaluate associations between outcome parame-
ters and specific physical therapeutic actions, 2 physical ther-
apeutic intervention sessions per infant (1 at 4 and 1 at 6
months’ CA) were recorded on video. The contents of these
intervention sessions were analyzed with a standardized obser-
vation protocol (see section “Analysis of the Contents of Physical
Therapy”).20
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TABLE 1
Group Characteristics

All Infants, n (%)
Infants With Postural

Outcome Data at 6 mo, n (%)
Infants With Postural

Outcome Data at 18 mo, n (%)

Demographics COPCA (n = 21) IPT (n = 25) COPCA (n = 16) IPT (n = 20) COPCA (n = 19) IPT (n = 9)

Sex
Male 9 (43) 11 (44) 6 (38) 7 (35) 8 (42) 4 (44)
Female 12 (57) 14 (56) 10 (62) 13 (65) 11 (58) 5 (56)

Gestational age
Preterm 19 (91) 23 (92) 15 (94) 19 (95) 17 (89) 8 (89)
Term 2 (10) 2 (8) 1 (6) 1 (5) 2 (11) 1 (11)

Birth weight
Median, g 1210 1143 1415 1133 1400 1265
Range, g 585-4750 635-3460 585-4750 700-3360 585-4750 700-3460

Brain lesiona

No severe brain lesion 18 (86) 22 (88) 13 (81) 19 (95) 16 (84) 7 (78)
IVH grade 4 or PVL grade 3/4 3 (14) 3 (12) 3 (19) 1 (5) 3 (16) 2 (22)

CP
CP 5 (24) 5 (20) 5 (31) 2 (10) 4 (21) 1 (11)
No CP 16 (76) 18 (72) 11 (69) 18 (90) 15 (79) 8 (89)

Maternal educationb

Low or middle 19 (90) 14 (56) 15 (94) 10 (50) 17 (89) 2 (22)
High 2 (10) 11 (44) 1 (6) 10 (50) 2 (11) 7 (78)

Abbreviations: COPCA, COPing with and CAring for infants with special needs; CP, cerebral palsy; IPT, infant physical therapy; IVH, intraventricular hemor-
rhage; PVL, periventricular leukomalacia.
aIVH, according to Volpe.17

bPearson χ2, P = .019 for COPCA versus IPT, all infants; P = .009 and P = .001 for COPCA versus IPT infants with postural outcome data at 6 and 18 months,
respectively; and P = .023 for IPT infants with versus without missing data at 18 months.

Postural Control Assessment

The protocol and the method of the postural control assess-
ment were previously published.10,21 Reaching movements
were elicited from the infant seated in a supported sitting
position. This was in an infant chair with back support and a
horizontal bar at the level of the upper abdomen that provided
additional support at the front, or on their parent’s lap. The lap
position was only applied if necessary for the infant’s coopera-
tion, which was the case for 1 infant at 4 months and 3 infants
at 18 months of the IPT group and 2 infants at 18 months of the
COPCA group. Care was taken that the sitting position on the
parent’s lap closely resembled that in the infant chair. Reaching
was elicited by presenting small toys in the midline at an arm’s
length distance, approximately at nipple line level. EMG was
measured continuously with bipolar surface electrodes on the
following right-sided muscles: deltoid (DE), pectoralis major
(PM), biceps brachii (BB), triceps brachii (TB), neck flexor (NF,
sternocleidomastoid), neck extensor (NE), rectus abdominis
(RA), thoracal extensor (TE), and lumbar extensor (LE). DE, PM,
BB, and TB are referred to as arm muscles; NF, NE, RA, TE, and
LE as postural muscles. The electrodes were placed according to
a protocol that defined the location of the electrodes by anatom-
ical landmarks (see Supplemental Digital Content 1, available
at: http://links.lww.com/PPT/A248). The EMG signals were
then checked for (expected) activity. Sessions were recorded
on video, which was time-coupled to the EMG recordings by
button presses that were identifiable in the video and sent step
signals to a separate EMG channel. Both the investigators who
assessed the infants and recorded the EMGs, and those who
analyzed the EMG data, were blinded to group allocation.

Postural Control Analysis

We selected arm movements from the video, occurring in
response to the toy, involving at least the right arm, and starting
from a symmetric sitting position with the child facing forward
with attention to the toy. We excluded trials during which the
child was crying or fussy.10 Movements were classified as pre-
reaching movements,22 reaching movements that did not end
in toy contact, reaching movements that did end in toy contact,
and reaching movements that ended in grasping of the toy.

EMG analyses (artifact correction and detection of signifi-
cant bursts of phasic muscle activity) were carried out with the
PedEMG program (developmental neurology, see21). This pro-
gram uses the model-based computer algorithm of Staude and
Wolf23 to detect significant bursts of phasic EMG activity, as this
algorithm is especially suitable for detecting onsets in signals
with both high and low signal-to-noise ratios.23 The EMG was
scanned by the algorithm for activation of the arm muscles from
500 ms prior to visible movement in the video, and the start of
the reach was defined as the onset time of the first arm muscle
activity that was related to the reaching movement (ie, the onset
of the prime mover, the arm muscle initiating the reach). For
the postural muscles, increased activity was included if found
within a time window consisting of (a) 100 ms before activation
of the prime mover (see Boxum et al24) and (b) the duration of
the first 1000 ms of the reaching movement. For each trial, we
determined the following parameters (Table 2; see Supplemental
Digital Content 2, available at: http://links.lww.com/PPT/A249):

1. Direction specificity: a trial was direction-specific if the
dorsal muscle was recruited prior to the antagonistic
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ventral muscle or without antagonistic activation. Direc-
tion specificity at both neck and trunk levels entailed
direction-specific recruitment of both the trunk and neck
muscles in the same trial.

2. Recruitment order of NE, TE and LE: top-down (ie,
recruitment in a cranial-to-caudal order), bottom-up
(caudal-to-cranial recruitment), or otherwise. This could
only be determined when at least 2 direction-specific
muscles were recruited; if 2 muscles were activated
within an interval of 20 ms, recruitment was consid-
ered simultaneous. Recruitment of 3 dorsal muscles with
TE earlier than NE and LE was defined as mixed order
recruitment.

3. The presence or absence of anticipatory postural activity
at the neck and/or trunk level (ie, activation starting
within 100 ms before the prime mover). Anticipatory
activation was defined as anticipatory activation in at
least 1 dorsal postural muscle, regardless of location
(neck or trunk).

4. The recruitment latencies of postural muscles, defined
as the interval between the onset of the prime mover
and the onset of activity in the postural muscle. For each
infant at each age median latency values were calculated.

Analysis of the Contents of Physical Therapy

Physical therapeutic actions during the videotaped inter-
vention sessions were quantified using a standardized obser-
vation protocol,20 “The Observer” (version 5.0; Noldus,
Wageningen, the Netherlands). The observation protocol clas-
sifies physical therapy actions into 8 categories: (A) family
involvement and educational actions; (B) communication; (C)
facilitation techniques; (D) sensory experience; (E) passive
motor experience; (F) self-produced motor behavior, no inter-
ference from physical therapist or caregiver; (G) challenge to
self-produced motor behavior where the infant is allowed to
continue activity; and (H) challenge to self-produced motor
behavior that flows over into handling. Some of these categories
were subdivided into several variables, resulting in 25 physical
therapy actions. For example, the main category “family involve-
ment and educational actions” had 5 variables, 4 of which
reflected IPT activity (“caregiver intervenes in infants’ activi-
ties,” “physical therapist intervenes in infants’ activities,” “phys-
ical therapist guides the infant,” and “physical therapist gives
caregiver training”), and one of which was specific for COPCA
(“physical therapist coaches the caregiver”).

For the duration of the video, start and end times of actions
were recorded by button presses. Each action was classified as
belonging to 1 or more of the (sub)categories. This resulted in
a relative duration (as a proportion of the session duration) for
each type of physical therapeutic action. In total, 97% of the
duration of the physical therapy sessions was classified into the
categories of the observation protocol. Two people performed
the analysis with interrater agreement, based on 15 randomly
selected intervals of 5 minutes, on average 0.89 (range: 0.76-
1.00) and the intrarater agreement of 0.85 (range: 0.69-0.99).20

Statistical Analysis

A summary of the statistical methods that were used for the
different outcome parameters is in Table 2. Statistical modeling
was carried out using the Statistical Analytics Software (SAS)
9.3 (SAS Institute Inc, Cary, North Carolina) and SPSS 20 (IBM
Corp, Armonk, New York). For the dichotomous parameters
(the presence or absence of direction specificity, top-down and
bottom-up recruitment, and anticipatory activation), a binomial
generalized estimating equation model with repeated measure-
ments was fitted using predictor variables “age” and “interven-
tion.” To take missing data into account, the parameters were
modeled as ratios. For example, for each child at each age direc-
tion specificity was modeled as the number of direction-specific
trials divided by the total number of trials for which direc-
tion specificity could be computed. Continuous variables (laten-
cies) were modeled with a linear mixed model with repeated
measurements. Effect sizes are reported as odds ratios (ORs;
including 95% confidence intervals [CIs]). To aid interpreta-
tion of the results, we also calculated the percentage of trials per
infant for each outcome variable (eg, the percentage of direction-
specific trials), and reported median values of these percentages.
We used partial correlations to investigate associations between
physical therapeutic actions (based on mean values of the ther-
apeutic sessions at 4 and 6 months) and parameters of postural
control at 6 and 18 months.

RESULTS

Data Available for Analysis

The flowchart of participant inclusion, assessment, and out-
comes is in Figure 1. Table 1 has the group characteristics.
Missing data are due to (1) nonparticipation, for logistical rea-
sons (3 infants in the IPT group at 18 months), (2) technical
issues with video or EMG recording, (3) lack of cooperation of
the infants, resulting in an insufficient number of suitable trials,
(4) the inability to reach (particularly at 4 months), and (5) dif-
ficulties in keeping the electrodes properly attached (especially
at 18 months).

Missing data were addressed separately for each outcome
parameter, resulting in different numbers (varying from 9 to 20
in the COPCA group and 7 to 20 in the IPT group) for each
outcome parameter (Figures 2-4).

TABLE 2
Outcome Parameters and Statistical Tests

Types of Outcome Parameters Statistical Test Used

Percentage of trials with
• direction-specific activation
• top-down recruitment
• bottom-up recruitment
• anticipatory activation

Generalized estimating
equations

Latencies of NE, NF, TE, LE, and RA Linear mixed model
Associations between postural parameters

and time spent on physical therapeutic
interventions

Partial correlations

Abbreviations: LE, lumbar extensor; NE, neck extensor; NF, neck flexor
(sternocleidomastoid); RA, rectus abdominis; TE, thoracic extensor.
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Fig. 1. Flow diagram of participants of the early intervention project. Assessment
age was corrected for premature birth. Values (n) reported for outcomes reflect the
number of infants for whom direction specificity at trunk level, the primary postural
control parameter, could be computed. COPCA indicates COPing with and CAring
for infants with special needs; IPT, infant physical therapy.

The groups only differed for maternal education (Table 1),
which was significantly higher in the IPT group than in the
COPCA group, both in all infants and the infants with postural
outcomes available. We compared the infants with available
data in the IPT group with those with missing data. Maternal
education was lower for the IPT infants with missing data,
which increased the difference in maternal education between
the COPCA and IPT groups at this age. All further analyses
were corrected for maternal education, and also for CP, as pre-
vious analyses had indicated that the associations between phys-
ical therapeutic actions and developmental outcome in children
with CP differed from those in children without CP.25 The 18-
month data of chair sitting and lap sitting were pooled.10

The number of trials with reaching movements that ended
in grasping the toy is in Table 3. We did not find significant
correlations between success of reaching, whether or not the toy
was grasped, and postural parameters.

Between-Group Differences

In both groups, the postural parameters had a large varia-
tion. Postural outcome of the COPCA group did not differ sig-
nificantly from that of the IPT group; this was true for postural
parameters at any of the 3 assessments. However, there were age-
dependent within-group differences in each individual group.
These within-group differences are discussed next.

Within-Group Differences

Direction Specificity. In the COPCA group, the per-
centage of reaches accompanied by direction-specific postural
activity at trunk level increased between 6 and 18 months from
46% to 67% (median values; OR 1.92, CI [1.06-3.46], P = .031;
Figure 2). The 18 months’ value (67%) was also significantly
higher than at 4 months (50%; OR 1.70, CI [1.10-2.65], P =
.017). There was no significant increase with age of direction
specificity at trunk level in the IPT group, which was 50% to
58% at all ages studied (median values; Figure 2).

Direction specificity at neck level was 33% to 42% in the
COPCA group and 26% to 44% in the IPT group. In the COPCA
group, 21% to 33% of trials were direction-specific at both neck
and trunk levels, which was similar to the IPT group (20%-
33%). In both groups, the rates did not change.

Muscle Recruitment Strategies. In the COPCA group,
bottom-up recruitment decreased between 4 and 18 months
from 38% to 25% (median values; OR 0.50, CI [0.31-0.81],
P = .005; Figure 3). Although in both groups bottom-up recruit-
ment was lower at 18 months (25% and 28% for COPCA and

Fig. 2. Percentage of direction-specific trials at 4, 6, and 18 months of age, in infants who received COPCA and infants who received IPT. Left panel: direction specificity in
the trunk muscles. Middle panel: direction specificity in the neck muscles. Right panel: direction specificity in both neck and trunk muscles simultaneously. *Significant at P
< .05. Odds ratios (95% confidence intervals) for direction specificity in the trunk in the COPCA group were 1.92 (1.06-3.46) for 18 m versus 6 m and 1.70 (1.10-2.65) for
18 m versus 4 m. Low numbers are due to missing values in trials where the quality of one or more EMG signals was too poor to allow analysis. COPCA indicates COPing
with and CAring for infants with special needs; IPT, infant physical therapy.
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Fig. 3. Percentage of trials with top-down recruitment (left panel) and bottom-up
recruitment (right panel) of infants who received COPCA and infants who received
IPT at 4, 6, and 18 months of age. *Significant at P < .05. Odds ratios (95% con-
fidence intervals) were 0.50 (0.31-0.81) for bottom-up recruitment, 18 m versus
4 m in the COPCA group, and 2.80 (1.63-4.83) for top-down recruitment, 18 m
versus 4 m in the IPT group. Circles represent outliers. Some numbers were low
as analysis was restricted to direction-specific trials; in addition, see legends of
Figure 2. COPCA indicates COPing with and CAring for infants with special needs;
IPT, infant physical therapy.

IPT, respectively) than at 6 months (33% and 38%), with low
numbers for this parameter we failed to demonstrate significant
differences (COPCA: OR 0.63, CI [0.38-1.05], P = .076; IPT:
OR 0.57, CI [0.30-1.08], P = .086). As previously reported,10

top-down recruitment increased in the IPT group from 17% at
4 months to 31% at 18 months (OR 2.80, CI [1.63-4.83], P
< .001). A similar increase was absent in the COPCA group
(25% at 4 months; 36% at 18 months; OR 1.31; CI [0.67-2.53],
P = .433).

Anticipatory Activation and Latencies. Anticipatory
activation in both groups is in Figure 4A. Infants in the IPT
group had a lower rate of anticipatory activation in the trunk
muscles at 18 months than at 6 months (20% vs 33%; OR 0.36,
CI [0.18-0.74], P = .005). The IPT group had less anticipa-
tory activation in the neck muscles at 18 months compared
with 6 months (24% vs 33%; OR 0.48, CI [0.27-0.84], P =
.010), resulting in an overall lower anticipatory activation rate
at 18 months compared with 6 months (41% vs 71%; OR
0.33 [0.17-0.65], P = .001). Similarly, in infants who received
COPCA, there was less anticipatory activation in the trunk mus-
cles at 18 months (25%) than at 4 months (40%; OR 0.45,
CI 0.26-0.77], P = .004), but unlike infants in the IPT group, the
COPCA group did not show a decrease with age in the overall
anticipatory activation rate (60%, 46%, and 60% at 4, 6, and 18
months, respectively).

Latencies to postural muscle recruitment varied in both
groups, at all ages and in all muscles (Figure 4B). Within-group
analyses revealed the following significant changes with age.

In the COPCA group, NE recruitment was 70 ms slower at
6 months than at 4 months (95% CI: 1-138 ms, P = .047).
In infants who received IPT, LE recruitment was 94 (17-171)
ms slower at 18 months than at 6 months (P = .017) and RA
recruitment was 122 (38-206) ms slower at 18 months than at
4 months (P = .004).

Associations Between Physical Therapeutic Actions and
Postural Control Parameters

The analysis in which the time spent on specific physical
therapeutic actions was correlated with the postural outcome
parameters revealed that 2 therapeutic actions were correlated
with postural outcome at 18 months. First, the time the physical
therapist spent intervening in the infant’s actions was negatively
associated with direction specificity at trunk level at 18 months
(r = −0.642; P < .001). This action was observed during 0%
to 8% (median: 0.3%) of the session time in the COPCA group
and in 0% to 21% (median: 2%) of the session time in the IPT
group. Second, the time during which the infant was allowed to
produce spontaneous motor behavior without intervention, a
typical COPCA action, was associated with higher overall antic-
ipatory activation at 18 months (r = 0.644; P = .003). This
action was observed during 18% to 61% (median: 36%) of the
session time in the COPCA group and in 2% to 35% (median:
14%) of the session time in the IPT group.

DISCUSSION

Implications of the Results

The between-group analyses of this explorative study indi-
cated that postural outcomes of the COPCA and IPT groups
were similar. Within-group analyses revealed some differences:
(1) infants who had received COPCA had an increase in
direction specificity with increasing age; a similar age-dependent
increase was absent in infants who had received IPT; (2) infants
of the IPT group showed a slower recruitment of the trunk
muscles with increasing age; a similar slower recruitment was
absent in the COPCA group; (3) associated with the previous
finding, a more pronounced decrease of anticipatory activa-
tion with increasing age in the IPT group than in the COPCA
group. Interestingly, the physical therapy analysis indicated that
the time the physical therapist spent intervening in the infant’s
actions (a physical therapeutic action characteristic for IPT) was
negatively associated with direction specificity at trunk level at
18 months, while the time during which the infant was allowed
to produce spontaneous motor behavior without intervention, a
typical COPCA action, was associated with higher overall antic-
ipatory activation at 18 months.

Increased Direction Specificity After COPCA But Not
After IPT. Although the postural outcomes of the 2 interven-
tion groups did not statistically differ, the within-group analyses
revealed an increase in direction specificity in the COPCA group
that was absent in the IPT group. Direction specificity has been
described as a basic level of postural control, since 1-month-
old healthy infants already display consistent direction-specific
responses to postural perturbations.26 During reaching in early
infancy, however, direction-specific responses are visible in only
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Fig. 4. Anticipatory activation and recruitment latencies of postural muscles of infants who received COPCA and infants who received IPT at 4, 6, and 18 months of age. (A)
Percentage of trials with anticipatory activation in the trunk muscles (left panel), neck muscles (middle panel), and trunk or neck muscles (overall anticipatory activation;
right panel). *Significant at P < .05; see text for details. Circles represent outliers. (B) Recruitment latencies of postural muscles. Bold horizontal bars are medians; vertical
bars represent ranges. *Significant at P < .05; odds ratios (95% confidence intervals): COPCA, NE 6 m versus 4 m: 70 (1-138) ms; IPT, LE 18 m versus 6 m: 94 (17-171)
ms; IPT, RA 18 m versus 4 m: 122 (38-206) ms. Some numbers were low as analysis was restricted to direction-specific trials; in addition, see legends of Figure 2. COPCA
indicates COPing with and CAring for infants with special needs; IPT, infant physical therapy; LE, lumbar extensor; NE, neck extensor; RA, rectus abdominis.

approximately half of the trials, suggesting that the degree to
which this response is used depends on the severity of the bal-
ance threat (which is minor during a reaching movement). Later,
between 10 and 18 months of age, infants developing typically
more consistently use direction-specific postural adjustments
during reaching.10,21 Our current finding of an increase with
age in direction specificity in the COPCA group but not in the

TABLE 3
Reaching Movements Ending in Grasping of the Toy

Percentage of Trials Ending in
Grasping the Toy, Median (Range) COPCA IPT

4 mo 15% (0-90) 6% (0-78)
6 mo 100% (0-100) 100% (40-100)
18 mo 95% (55-100) 89% (13-100)

Abbreviations: COPCA, COPing with and CAring for infants with special
needs; IPT, infant physical therapy.

IPT group suggests that infants who received COPCA developed
more like infants developing typically. Nevertheless, the postural
outcomes of the 2 high-risk groups were more similar to each
other than to those of infants developing typically, confirming
that development of postural control in infants at high risk of
CP differs from that of infants developing typically.10

Slower Recruitment of Trunk Muscles With Age After
IPT But Not After COPCA. The slower trunk muscle recruit-
ment and the decrease of anticipatory activation with increasing
age that were visible in the IPT group were absent in the COPCA
group. We suggested earlier that IPT infants may grow into a
deficit of postural control, due to either changing neuromotor
control with age, changing physical characteristics with age that
insufficiently adapted neuromotor control cannot adequately
address, or a combination of both.10 In an earlier analysis, we
found that infants in the COPCA group whose mother had
a lower level of education showed a smaller drop in cogni-
tive development between 6 and 18 months9; in other words
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COPCA may have mitigated some of the “growing into deficit”
phenomena. This might also be the case for postural strategies.

Associations Between Postural Parameters and Phys-
ical Therapy Actions. The physical therapy analysis indicated
that the time the physical therapist spent intervening in the
infant’s actions (a physical therapeutic action characteristic for
IPT) was negatively associated with direction specificity at trunk
level at 18 months, while the time during which the infant was
allowed to produce spontaneous motor behavior without inter-
vention, a typical COPCA action, was associated with higher
overall anticipatory activation at 18 months. In terms of the
NGST, this may mean that more time spent developing trial-
and-error experience (and giving the child the opportunity to
learn from his/her mistakes) helps to select motor strategies
that are adapted to the specifics of the situation. This is also
in line with the increase in direction specificity observed in
the COPCA group. The importance of trial-and-error has been
demonstrated in older children with CP learning a new motor
task: the amount of errors made during practice is related to the
amount of learning.27 However, we did not find between-group
differences in our postural parameters. In addition, the nega-
tive association with intervening in the child’s actions may also
mean that infants with limited postural control may have elicited
more interventions, or “assistance” from the physical therapist—
a statistical association does not automatically imply a causal
relationship.

The only other study that compared detailed parameters of
postural control between infants with different types of phys-
ical therapy is the study of Harbourne et al,28 which compared
the effects of a child-focused perceptual-motor program and
a family-centered home program on center-of-pressure (COP)
parameters in infants learning to sit. The authors reported that
COP parameters of the perceptual-motor group were closer to
those of infants developing typically than those of the home
program group, although both groups improved their sitting
skills after the intervention. This may seem contradictory to
our findings. However, a closer look reveals that, in fact, the
home program of Harbourne et al28 resembled IPT more than
COPCA (for example in repositioning the child when it made
“sitting errors”), while the perceptual-motor program resem-
bled COPCA, as it focused on problem-solving via trial-and-
error. Taking the differences between the studies into account,
there are indications from both studies suggesting that trial-
and-error experience during early phases of development may
have a beneficial effect on postural control of infants at risk of
CP, but the evidence is not yet firm enough to allow definite
conclusions.

Strengths and Limitations

The strengths of this study include the longitudinal RCT
design, blinded data analysis, and the setup reflecting activities
in daily life (ie, reaching movements in a position frequently
used in daily life). In addition, the prospective physical therapy
analysis enabled us to link specific details of physical therapy to
postural control that were not visible at RCT level.

The study also has several limitations. First, there may be
beneficial effects on other postural parameters such as EMG

amplitude modulation,5,29,30 and COP dynamics,30 which were
not included in the study. Second, we used a large number of
statistical comparisons, due to the fact that we explored several
postural parameters at different ages, both within and between
groups. Using a P value of .05 implies a type I error of 5%.
We did not correct for multiple comparisons; see references31-34

for a comprehensive argument. We wanted to explore which
parameters of postural control would be worth further
investigation and using correction procedures would make this
impossible, because it would cause a disproportional increase of
the type II error. Thus, the reader should not only take biological
plausibility but also the number of comparisons into account in
the interpretation of the results. Third, one might argue that a
sample of 2 physical therapy sessions may not adequately rep-
resent the contents of the entire physical therapy program pro-
vided. However, heterogeneity is particularly present between
therapists and/or between children, and less so between sessions
of the same infant-therapist combination.20 Indeed, the therapy
session at 4 months of each infant was very similar in content
to that of the same infant at 6 months20 implying that they are
representative for the physical therapy provided.

Another limitation is that postural control at 18 months
may have been influenced by (1) differences between the groups
with respect to the physical therapy provided between 6 and 18
months (ie, after the randomized intervention period), which
was more frequently provided in IPT than in COPCA,9 (2)
between-group differences in frequency and duration of therapy,
and (3) larger heterogeneity of the contents of IPT compared
with COPCA. The latter 2 limitations did not apply to the pro-
cess evaluation, which was specifically designed to circumvent
this anticipated difficulty and revealed differences in outcome
that were in favor of the COPCA approach. Therefore, it is pos-
sible that an RCT with more uniform groups and maximally dif-
ferent therapy between groups will find differences in outcome
between the randomized groups.

Finally, the study suffered from missing data, particularly
at 18 months. This may have resulted in a selection bias apart
from the group characteristics we corrected for in the models
(maternal education and CP). However, analysis of the missing
data did not reveal any patterns pointing to a potential bias or
systematic cause of “missing-ness” other than the ones men-
tioned in the Results section. Therefore, although we cannot
exclude the possibility of accidental selection bias, we presume
that the available data give a reasonably good representation of
each group. Second, the resulting small group sizes reduced the
study’s power. However, we did find within-group differences,
and we previously found significant between-group differences
with an even smaller group of infants developing typically,10

suggesting that if a major effect of intervention had been present,
we would have been able to demonstrate it. Third, we had only
a small number of infants in our data who later developed CP,
and these infants (except 1) developed only the milder forms of
CP (ie, GMFCS levels I-III), implying limited generalizability.

CONCLUSIONS

We conclude that COPCA and IPT result in similar pos-
tural muscle recruitment patterns during reaching in a sitting
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position. This finding corresponds to previous results on
between-group comparisons on the effect of COPCA and IPT
on other outcome parameters. We confirmed that infants at high
risk of CP have, more often than infants developing typically,
postural impairments that may affect their activities and partici-
pation. Our study also added new insights on the effects of early
intervention on postural development in infants at high risk of
CP: (1) postural development after COPCA but not after IPT
was slightly more similar to that of infants developing typically,
and (2) intervention with spontaneous motor behavior with
trial-and-error and intervention during which the therapist
does not intervene in the infant’s activities are associated with
improved postural development. However, given the limitations
of the study (lack of between-group differences and missing
data of the measurements at 18 months), these findings need
to be confirmed in replication studies. These replication studies
should aim to decrease the heterogeneity in physical therapy
actions in the intervention groups. In order to reduce the risk
of missing data, we suggest that future studies use mobile EMG
equipment including wireless EMG electrodes allowing for
recordings in the home situation.
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