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OBJECTIVE.We examined the effectiveness of modified constraint-induced movement therapy (mCIMT) in
treating infants with hemiplegic cerebral palsy and compared therapy outcomes with a nonconstraining bi-

manual therapy (BIM) of equal intensity.

METHOD. In a single-blinded randomized controlled trial, 33 infants with hemiplegia (mean corrected age5
11.1 mo, standard deviation 5 2.2) received either mCIMT (n 5 17) or BIM (n 5 16). Both interventions

included home programs encouraging the use of the affected hand during daily 1-hr play sessions for 8 wk.

Outcome measures were administered pre- and posttreatment and included the Mini-Assisting Hand

Assessment for babies and the Functional Inventory. At baseline, parents also filled out the Dimensions

of Mastery Questionnaire.

RESULTS. Both groups demonstrated a significantly large and equal improvement in hand and gross

motor function posttreatment (p < .001) and high treatment compliance.

CONCLUSION. mCIMT and BIM are equally effective methods for treating infants with hemiplegia.
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Hemiplegia accounts for approximately 25% of all children diagnosed with

cerebral palsy (CP; Shevell et al., 2003) and affects one side of the body.

Characteristically, one hand functions well and the other is impaired

(Steenbergen et al., 2007). In addition to the core impairments of the affected hand,

a mechanism of negative feedback from the difficulty in using the affected hand

leads the child to further reduce the use of the affected hand. This phenomenon is

known as learned nonuse, or developmental disregard (Deluca et al., 2006).

Constraint-induced movement therapy (CIMT) and its modified version

(mCIMT) refer to the practice of restricting the functional hand while training

the affected hand. The core concept underlying CIMT is to increase oppor-

tunities to use the affected hand and thereby improve its performance (Eliasson

et al., 2005; Gordon et al., 2005). According to a recent systematic review, a

large body of evidence supports the effectiveness of CIMT and mCIMT in

treating children over age 2 yr (Chen et al., 2014). However, despite the

consensus among researchers that treatment during the very early years is

crucially important (Guralnick, 1997), the literature focusing on improving

hand function in infancy is sparse. To date, only a small number of case studies

(Coker et al., 2009; Cope et al., 2008; DeLuca et al., 2003; Fergus et al., 2008),
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one pilot study (Lowes et al., 2014), and two protocols

(Chorna et al., 2015; Eliasson et al., 2014) have been

published on the use of CIMT and mCIMT in infants.

Substantial reasons support the importance of starting

treatment as early as possible: the brain has increased

plasticity at a younger age, the development of the cor-

ticospinal tract is highly dependent on the quality of

activity during the first 2 yr of life (Holt & Mikati, 2011),

and learned nonuse has less time to become ingrained if

training starts early (Basu, 2014). However, treating infants

raises extra challenges because of their limited attention

span, motivation, and understanding. In addition, there is

a lack of outcome measures that take into account infants’

swift natural development (Basu et al., 2015). Another

reason for the absence of research on infants may be con-

cern regarding the neural developmental consequences of

fully restraining the functional hand over time, as is per-

formed in classical CIMT (Basu & Eyre, 2012).

The primary objective of this study was to examine, in

a randomized controlled trial for the first time, the efficacy

of mCIMT in treating infants younger than 18 mo di-

agnosed with spastic hemiplegic CP by comparing it with

a conventional nonconstraining bimanual treatment of

equal intensity and to assess the relationship between the

outcomes of these treatments with demographic, medical,

and motivational variables.

Method

Research Design and Procedure

Before participating in the research, parents signed an

institutional review board (IRB) consent form from

Shaare Zedek Medical Center (Jerusalem, Israel). Partici-

pants were assigned randomly, by an external agent using a

block design, to either the mCIMT experimental group or

to the bimanual therapy (BIM) control group. After ran-

domization, baseline assessments of outcome measures

regarding hand and general function were performed.

Posttreatment assessments were performed at the con-

clusion of the 8-wk intervention. Assessments were con-

ducted by a trained and certified Mini-Assisting Hand

Assessment (Mini–AHA; Greaves et al., 2013) assessor

(R. Chamudot) not blinded to group allocation. Before

the treatment, parents filled out questionnaires about the

child’s demographic background and motivation. To

control for expectation bias, the primary outcome mea-

sure was videotaped and scored in a random order by an

independent trained and certified rater, blinded to group

allocation.

Participants

Participants were recruited by health professionals (pe-

diatric neurologists, occupational therapists, and physio-

therapists) through public health services. Inclusion

criteria were formal diagnosis with spastic hemiplegic CP

by a physician; ages 8–16 mo (18 mo at the conclusion of

the treatment), which is the age range of the Mini–AHA;

ability to follow simple age-appropriate instructions;

and parental agreement to participate and a signed IRB

consent form. Exclusion criteria were additional medical

issues, such as respiratory problems and intractable epi-

lepsy, and no difference in the function of both hands,

indicated by a perfect or nearly perfect score on the main

outcome measure.

Thirty-eight infants were recruited for the purpose of

this research. Two infants did not meet inclusion criteria

for randomization and were excluded. The 36 remaining

infants were randomly assigned to either the mCIMT or

the BIM group, 18 in each group. After randomization

and primary evaluation, 2 infants were excluded from the

BIM group because they performed almost perfectly on

the primary outcome measure (Mini–AHA). After 2 wk of

intervention, 1 infant dropped out of the mCIMT pro-

gram because of family circumstances, which resulted in

33 infants who fully participated in this study (Figure 1).

Instruments

Primary Outcome Measure. The Mini–AHA, the infant

version of the Assisting Hand Assessment (AHA;

Krumlinde‐Sundholm & Eliasson, 2003), was used to

assess the treatment’s impact on hand function (Greaves

& Krumlinde-Sundholm, 2013). The Mini–AHA is a

reliable and validated observation-based criterion refer-

ence test that measures how effectively infants ages 8–18

mo with hemiplegia use their affected hand. The test is

conducted by observing the infant play with specific toys

that encourage bimanual hand use; it discriminates be-

tween different levels of ability to evaluate change over

time (Greaves et al., 2013). The raw scores range from

20 to 80 and are converted into standard-unit scores. A

higher score indicates better performance. Scores are not

influenced by age. Within the age range of the test, typi-

cally developing infants perform perfectly, and among

infants with hemiplegia, no correlation exists between age

and performance (Greaves et al., 2013). In the current

study, the Mini–AHA presented high internal consistency

on the initial score (Cronbach’s a 5 .95) and on the

posttreatment score (Cronbach’s a 5 .98).

Secondary Outcome Measures. The Functional In-

ventory (FI) was developed specifically for this study
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because of the paucity of outcome measures available for

this population. It was designed to assess the impact of the

treatment program on gross motor and hand function of

infants ages 7–18 mo. The 31 FI items encompass ac-

tivities expected of typical age-matched infants. Items are

divided into three categories: Gross Motor Skills (GMS;

12 items; e.g., creeps on tummy, sits independently),

Unilateral Hand Use (UHU; 12 items; e.g., pulls hand

into sleeve, points), and Bilateral Hand Use (BHU; 7

items; e.g., claps hands, reaches out to be held).

The FI is completed by the parents with the occu-

pational therapist. Scoring of each category is a summation

of all the items that the infant is able to perform divided by

the number of items included in the category (meaning

that the range of scores in each category is 0–1).

The knowledge base used to formulate these items was

derived from two different sources: a review of accepted

developmental assessments of gross and fine motor

functions in general (Folio & Fewell, 2000; Haley et al.,

1992), and hand function in particular (Wallen et al.,

2009), and data from interviews conducted with three

parents who participated in a pilot mCIMT home pro-

gram. These data informed us about the parents’ per-

spectives of their child’s function before and after

intervention. After the FI items were determined, four

experienced occupational therapists administered the

Enrollment (n = 38)

Two infants did not meet criteria:
      Lack of formal diagnosis of hemiplegia 
      by a physician (n = 1) 
      Family circumstances (n = 1)

Infants included in the analysis (n = 17)

Randomization (n = 36)

Infants assigned to mCIMT group (n = 18) Infants assigned to BIM control group (n = 18)

All infants underwent evaluation before intervention.
Primary assessment: Mini–AHA; secondary 

assessments: FI and DMQ. In addition, parents filled 
out a demographic and medical questionnaire. 

Two infants were excluded from treatment 
because of almost perfect performance on the 

initial Mini–AHA.

Infants included in the analysis (n = 16)

Evaluation postintervention (8 wk after initial 
assessments): Mini–AHA and FI

One infant withdrew after 2 wk of 
intervention because of family circumstances

Figure 1. Flow diagram of trial participants using CONSORT guidelines (Moher et al., 2001).
Note. BIM 5 bimanual therapy; DMQ 5 Dimensions of Mastery Questionnaire; FI 5 Functional Inventory; Mini–AHA 5 Mini–Assisting Hand Assessment; mCIMT 5
modified constraint-induced movement therapy.
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inventory in clinical settings and found that it was user

friendly and provided a useful profile for treatment

planning.

To test the reliability of the FI (Crist, 2014), internal

consistency analysis of the composite scales was per-

formed on our study group. High internal consistency in

the initial total FI score (Cronbach’s a 5 .91) and the

posttreatment total FI score (Cronbach a 5 .86) were

found. High consistency was found also in the each of the

three categories, ranging between .76 and .93 before

treatment and between .71 and .77 after treatment.

Additional Assessments.At baseline, parents filled out a

demographic and medical questionnaire regarding preg-

nancy and labor (Table 1). In addition, because moti-

vation is considered to be an important factor in motor

learning (Smith & Wrisberg, 2008) and has been found

to be correlated with treatment outcomes in children with

CP (Miller et al., 2014), we used the Dimensions of

Mastery Questionnaire (DMQ; Morgan et al., 2009) to

assess the possible relationship between motivation and

treatment outcome.

The DMQ was completed by the parents before the

intervention. The infant version of the DMQ is stan-

dardized for ages 6–18 mo. The DMQ measures infants’

mastery of motivation by having parents rate the typical

behavior of the child on 45 items using a 5-level rating

scale. The items are divided into seven subscales: Object-

Oriented Persistence (OOP), Gross Motor Persistence,

Social Persistence With Adults (SPA), Social Persistence

With Children, Mastery Pleasure (MP), Negative Reac-

tions to Failure (NRF), and General Competence. A

higher score on all subscales except NRF indicate a higher

level of motivation. The DMQ has shown to be a reli-

able test with good internal consistency on all subscales

(Cronbach as ranging between .69 and .84). In our

study, reliability was satisfactory for most subscales

(Cronbach as ranging between .75 and .86). SPA and

MP yielded low reliability coefficients (Cronbach a 5
.43 and .56, respectively).

Interventions

Infants in both intervention groups received a home pro-

gram designed to encourage the use of the affected hand.

The program was chosen on the basis of clinical experience

treating infants and successful protocols performed on older

children (Eliasson et al., 2005) and was individualized for

each infant on the basis of initial Mini–AHA results. It

involved a 1-hr daily play session with parents 7 days a

week for a period of 8 wk. The parents could divide the

daily session into two.

The treatment was performed in a sitting position, on

the floor or in a high chair, with trunk support provided

when needed. All infants had adequate head control. Infants

in the mCIMT group were required to wear a soft custom-

made mitt throughout the play session. The mitt restrained

the functional hand by preventing the ability to grasp

Table 1. Participant Demographic and Baseline Characteristics

Characteristic

mCIMT Group (n 5 17) BIM Group (n 5 16) All Participants (N 5 33)
x2(df) or
t(df) pn (%) or M (SD; range) Mdn n (%) or M (SD; range) Mdn n (%) or M (SD; range) Mdn

Gender x2(1) 5 0.68 .50

Female 9 (53) — 5 (31) — 14 (42) —

Male 8 (47) — 11 (69) — 19 (58) —

Corrected age,a mo 11.4 (2.2; 8–15) 12 10.9 (2.3; 8–16) 11 11.1 (2.2; 8–16) 11 t(31) 5 1.6 .21

Gestational age, wk 33.4 (5.7; 25–41) 36 37.8 (3.4; 32–42) 39 35.5 (5.1; 25–42) 37 t(26) 5 –2.7 .01

Birth weight, g 1,939.1 (957.7; 645–3,380) 2,040 2,758.9 (754.7; 1,385–3,888) 2,850 2,336.5 (948.0; 645–3,888) 2,490 t(31) 5 –2.7 .01

Apgar score at 1 min 7.9 (1.8; 4–10) 9 8.3 (1.4; 5–9) 9 8.1 (1.6; 4–10) 9 t(28) 5 0.6 .57

Apgar score at 5 min 8.9 (1.6; 4–10) 9 9.3 (1.0; 7–10) 10 9.1 (1.3; 4–10) 9.5 t(28) 5 0.7 .49

Treatment, hr 48.4 (9.5; 30–60) 50 45.0 (10.2; 30–60) 47 46.7 (9.9; 30–60) 50 t(31) 5 1.0 .34

Hemiplegia side x2(1) 5 3.0 .14

Right 9 (53) — 13 (81) — 22 (67) —

Left 8 (47) — 3 (19) — 11 (33) —

Mini–AHA (logit-
based 0–100
score)

28.6 (19.5; 0–57) 31.5 23.3 (19.2; 0–48) 23 26.0 (19.2; 0–57) 30 t(29) 5 0.8 .46

FI–GMS 0.6 (0.3; 0–1) 0.6 0.5 (0.3; 0.17–1) 0.5 0.6 (0.3; 0–1) 0.6 t(31) 5 0.7 .48

FI–UHU (95% CI) 0.1 (0.3; [0, 0.92]) 0 0.1 (0.3; [0, 0.92]) 0 0.1 (0.3; 0–0.92) 0 t(31) 5 0.2 .86

FI–BHU (95% CI) 0.2 (0.3; [0, 0.86]) 0 0.2 (0.2; [0, 0.83]) 0.2 0.2 (0.3; [0, 0.86]) 0.1 t(31) 5 –0.4 .70

Note. Boldface indicates a significant p value. BHU 5 Bilateral Hand Use; BIM 5 bimanual therapy; CI 5 confidence interval; df 5 degrees of freedom;
FI 5 Functional Inventory; GMS 5 Gross Motor Skills; M 5 mean; mCIMT 5 modified constraint-induced movement therapy; Mdn 5 median; Mini–AHA 5
Mini–Assisting Hand Assessment; UHU 5 Unilateral Hand Use.
aAge was adjusted for preterm birth by subtracting the number of weeks born preterm from the chronological age.
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objects. The activities during the session were designed to

encourage unilateral hand use (e.g., eat biscuit, knock down

tower of blocks with involved hand). In the BIM group, the

activities were designed to encourage the use of both hands

symmetrically (e.g., shake pair of rattles, play xylophone

with two hands) and asymmetrically (e.g., pull beads off

stick, take blocks out of container). The activities in both

groups were designed to be as similar as possible regarding

the toys used, the content, and the level of play.

Parents received professional guidance once a week at

home from one of two experienced occupational therapists

on how to encourage the use of the affected hand during

the play sessions. One therapist had more than 20 yr of

experience, and the other had more than 4 yr of experience

treating infants and children with hemiplegia. To avoid

therapist identity bias, the two therapists treated an even

number of infants from both groups. In addition, the

treatment was free of charge.

Therapist guidance was based on principles of motor

learning and included highly motivating activities, specific

task practices, and repetitive practices, all of which were

developmentally appropriate for the child (Smith &

Wrisberg, 2008). The visits included monitoring the in-

fant’s current hand use and precise guidance on which

activities to perform in the upcoming week. When nec-

essary, the therapists supplied the parents with appro-

priate toys for the activities. The parents were guided on

which actions to encourage while making sure that the

infant received positive reinforcement from the action

(e.g., toys with sensory feedback, planning the activity in

a manner that ensured success, parental praise). It was

important that the activity would lead to further moti-

vation for practice. In addition, parents were required to

keep a daily log in which they recorded the infant’s

compliance with the program, the activities performed

during the play session, the infant’s emotional reaction to

the treatment, and the parents’ observations of any im-

provement or change in the infant’s function.

Statistical Analyses

Sample size calculation was based on Eliasson et al.’s

(2005) study, which tested the effectiveness of con-

strained therapy compared with a control group using

the AHA–Kids assessment as the main outcome mea-

sure. Eliasson et al. reported a significant improvement

of 1.23 AHA logits score within the experimental group

after 2 mo of treatment. This improvement is consid-

ered above the smallest detectable difference (i.e., 0.97

logits, as suggested by Krumlinde-Sundholm [2012])

and yielded a large effect size of d 5 1.16. On the basis

of this finding, a sample size of 8 in the experimental

group would be required for a two-tailed study to

achieve an effect size of the same magnitude, under a 5
.05 and estimated power of .80. The current study in-

cluded 17 infants in the mCIMT group and 16 in the

BIM group, thus reaching an adequate sample size.

For baseline comparison, continuous variables were

compared using two-sided t tests; categorical variables

were compared by using Pearson’s x2 test or Fisher’s exact

test, as appropriate. Correlations between continuous

variables were calculated using Pearson’s r correla-

tion coefficient. A mixed-design analysis of variance

(ANOVA), which refers to a repeated-measures ANOVA

that also included a between-group factor, was used to

determine the effect of treatment on the outcome mea-

sures. All models included the time of assessment (before

or after treatment) as the within-group independent

variable, the treatment group (mCIMT or BIM) as the

between-group independent variable, and their interac-

tion (Time · Treatment). Effect sizes for significant ef-

fects were calculated by converting the F ratio to r and
were interpreted as small (r 5 .1), medium (r 5 .3), or

large (r 5 .5; Field, 2009). Analyses were done using

IBM SPSS Statistics (Version 20; IBM Corp., Armonk,

NY). A p £ .05 was considered statistically significant.

Results

Baseline Comparisons

Table 1 presents demographic and clinical characteristics of

the entire study sample and of the mCIMT and BIM groups

separately. The sample consisted of 33 infants (19 boys and 14

girls; mean corrected age 5 11.1 mo, standard deviation

[SD] 5 2.2, range 5 8–16). The experimental group

(mCIMT) and the control group (BIM) included 17 and

16 infants, respectively. No baseline differences between

the two groups were found except gestational age and birth

weight: The mCIMT group’s gestational age was signifi-

cantly younger, t(26) 5 –2.7, p 5 .01, and their birth

weight was significantly lower, t(31) 5 –2.7, p 5 .01.

However, both gestational age and birth weight were not

correlated with the baseline levels of the primary outcome

measure, Mini–AHA, r 5 –.06, p 5 .73, and r 5 –.10,

p 5 .58, respectively. In addition, they were not correlated

with the baseline levels of the secondary outcome mea-

sures, FI–GMS, r 5 .28, p 5 .11, and r 5 .26, p 5 .15;

FI–UHU, r5 .24, p5 .18, and r5 .21, p5 .23; and FI–

BHU, r5 .06, p5 .74, and r5 .00, p5 .97, respectively.

The average treatment time for the whole group

was 46.7 hr (SD 5 9.9) out of a total of 60 hr (78%

compliance).
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In the mCIMT group, the average was 48.4 hr (SD5
9.5; 81% compliance); in the BIM group, it was 45.0 hr

(SD 5 10.2; 75% compliance).

Outcome Measures

Table 2 presents the analysis of the effect of treatment

on the Mini–AHA score and on the three FI scales. The

analysis revealed significant main effects of time for all

outcome measures, with large effect sizes (Mini–AHA,

r 5 .83; FI–GMS, r 5 .72; FI–UHU, r 5 .86; FI–

BHU, r 5 .88), indicating greater scores in both groups

after treatment, regardless of treatment type (either

mCIMT or BIM). Effects of treatment and of the

Treatment · Time interaction were insignificant for all

outcome measures.

Analysis of Factors Related to Improvement

To investigate the possible role of the infants’ motivation

in the experimental treatments, semipartial correlations

were calculated between the seven subscale scores of the

DMQ and the Mini–AHA difference score1 (calculated

as the after score minus the before score; Table 3). The

analysis revealed that the only DMQ subscale that dif-

ferentiated between the groups was OOP. In the BIM

group, the association was of small size (r 5 .10) and

insignificant (p 5 .73); however, in the mCIMT group,

the association was of medium size (r 5 –.50) and sig-

nificant (p 5 .05), indicating greater improvement for

infants manifesting low levels of OOP. In addition, the

same analysis of semipartial correlations was calculated

between the variables of corrected age, gestational age,

birth weight, Apgar score at 1 and 5 min, and the Mini–

AHA difference score, but none of them differentiated

between the groups. Finally, the Mini–AHA difference

score was not correlated with the Mini–AHA baseline

score in both groups (CIMT, r5 .29, p5 .28; BIM, r5
.11, p 5 .70), indicating that improvement was not re-

lated to the infants’ baseline assessment.

Discussion

This study examined whether mCIMT is an effective

method for treating infants with hemiplegia and the extent

to which constraining the functional hand is essential to the

success of treatment by comparing mCIMT with BIM of

equal intensity. To our knowledge, this is the first ran-

domized controlled study of mCIMT or CIMT performed

on infants under age 18 mo. We found high compliance

with both treatment programs, and infants in the mCIMT

group showed good tolerance to wearing the restraint. The

high feasibility of the treatments is worthy of interest be-

cause of the difficulties in treating such young children. The

results showed a significantly large and equal improvement

in hand function in both groups as documented by the

scores of the Mini–AHA for babies and the FI. The FI also

revealed a significant and equal improvement in gross

motor function in both groups.

At present, little research exists on CIMT in infants

despite the accepted advantage of early intervention. The

lack of empirical intervention studies in infants may be

due to the difficulties in treating this population because of

their limited understanding, cooperation, and motiva-

tion and, until recently, the lack of a standardized age-

appropriate assessment tool. We overcame these challenges

by implementing a modified and feasible protocol of

mCIMT and administering a new standardized evaluation

for infants (i.e., the Mini–AHA) and the FI. By com-

paring mCIMT with an equal-intensity BIM, we were

able to assess the contribution of restraining the func-

tional hand during the treatment. Note that in most of

the early research on CIMT and mCIMT, control groups

did not receive treatment of equivalent intensity. This

deficiency has been addressed only in more recent studies

(Dong et al., 2013).

Although the results of our study show equal gains in

both groups, variability among participants within each

group was found. In addition, as opposed to several studies

on CIMT and mCIMT in older children (Charles et al.,

2006), this study did not exclude infants with low-level

hand function. These factors raise the question of whether it

is possible to find predictors that enable clinicians to de-

termine the preferred therapy for each individual infant.

Improvement on the Mini–AHA was not predicted

by Apgar scores, gestational age, birth weight, age, hours

of treatment, or Mini–AHA baseline scores. In addition,

no correlation was found between degree of improvement

and six out of seven motivational subscales of the DMQ.

However, within the mCIMT group, a negative correla-

tion was found between the OOP subscale and the degree

of improvement on the Mini–AHA. OOP measures the

intrinsic psychological force that stimulates a person to

persist and master a challenging manual task (Morgan

et al., 2009). Infants who had a low score on this aspect

of motivation showed greater improvement on the Mini–

AHA than did the children who received a high motivation

score. No such correlation was found in the BIM group.

This negative correlation with the OOP is thought

1The semipartial correlations were calculated by correlating each DMQ factor score
with the residual score of the Mini–AHA difference in each treatment group sepa-
rately. The residual score was produced by regressing the Mini–AHA difference
score against the Mini–AHA baseline score. This procedure enabled us to assess
the association between each DMQ factor and improvement, as assessed by Mini–
AHA, which was not accounted for by Mini–AHA baseline performance.
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provoking because, according to motor learning principles,

optimal persistence and practice are likely to lead to better

motor control (Smith & Wrisberg, 2008).

We hypothesized that infants with low OOP fail to

use the full functional capacity of their affected hand

because of the relative difficulty of using this hand.

Therefore, the lower the OOP, the greater the gap between

the potential and actual hand function. Restraining the

functional hand increases the necessity for using the af-

fected hand, thereby leading the infants to use more of

their potential. In older children, Miller et al. (2014)

found that higher initial scores correlated with higher

participation outcomes posttreatment. The difference

between our finding and theirs can be explained by the

fact that their mCIMT treatment was combined with

BIM and the age difference for study participants.

The use of a home program in this study had several

advantages. First, the guidance given to the parents en-

abled them to integrate ongoing practice with the infants

into the family’s daily activities. This type of practice,

within the natural environment of the infant, is consid-

ered essential for achieving motor skill acquisition (Smith

& Wrisberg, 2008). Second, the flexibility of a home

program allowed the parents to schedule the treatment

according to the optimal levels of arousal and cooperation

of the infants. Third, having parents serve as primary

treatment providers served to empower them. Finally,

this treatment model allows for greater cost-effectiveness.

However, the fact that the parents were the main treat-

ment providers may have led to differences in the way

that treatment was performed because of obvious differ-

ences between families.

Limitations and Future Research

The main outcome measure used in this study, the Mini–

AHA, is independent of the age of the infant being eval-

uated (Greaves et al., 2013). Therefore, it is reasonable to

assume that the posttreatment improvement seen in both

groups was due to the intervention and not to the infants’

Table 3. Semipartial Correlations Between the Seven DMQ
Subscale Scores and the Mini–AHA Difference Score

Subscale r p

OOP

mCIMT –.503* .047

BIM .096 .733

GMP

mCIMT –.387 .139

BIM .093 .742

SPC

mCIMT .190 .480

BIM –.084 .766

SPA

mCIMT .203 .452

BIM –.226 .418

MP

mCIMT .109 .687

BIM –.152 .589

NRF

mCIMT .197 .463

BIM –.260 .349

GC

mCIMT –.083 .760

BIM .224 .423

Note. BIM 5 bimanual therapy; DMQ 5 Dimensions of Mastery Ques-
tionnaire; GC 5 General Competence; GMP 5 Gross Motor Persistence;
mCIMT 5 modified constraint-induced movement therapy; Mini–AHA 5 Mini–
Assisting Hand Assessment; MP 5 Mastery of Pleasure; NRF 5 Negative
Reactions to Failure; OOP 5 Object-Oriented Persistence; SPA 5 Social Per-
sistence With Adults; SPC 5 Social Persistence With Children.
*p 5 .05.

Table 2. Analysis of the Effect of Treatment and Time on Outcome Measures

Measure and Time

mCIMT BIM

Treatment Effect Time Effect Treatment · Time EffectM (SE) 95% CI M (SE) 95% CI

Mini–AHA F(1, 29) 5 0.2, p 5 .68 F(1, 29) 5 68.3, p < .001 F(1, 29) 5 1.0, p 5 .32

Before treatment 28.6 (4.8) [18.7, 38.4] 23.3 (4.5) [13.1, 33.5]

After treatment 43.1 (6.1) [30.8, 55.5] 42.0 (6.2) [29.2, 54.8]

FI–GMS F(1, 30) 5 2.4, p 5 .13 F(1, 30) 5 31.5, p < .001 F(1, 30) 5 0.0, p 5 .86

Before treatment 0.6 (0.06) [0.5, 0.7] 0.5 (0.06) [0.4, 0.6]

After treatment 0.9 (0.06) [0.8, 1.0] 0.8 (0.06) [0.6, 0.9]

FI–UHU F(1, 30) 5 1.1, p 5 .31 F(1, 30) 5 85.6, p < .001 F(1, 30) 5 0.7, p 5 .40

Before treatment 0.2 (0.07) [0.0, 0.3] 0.1 (0.07) [20.1, 0.3]

After treatment 0.8 (0.08) [0.7, 1.0] 0.8 (0.08) [0.5, 0.8]

FI–BHU F(1, 30) 5 0.0, p 5 .97 F(1, 30) 5 107.2, p < .001 F(1, 30) 5 0.2, p 5 .65

Before treatment 0.2 (0.07) [0.0, 0.4] 0.2 (0.07) [0.1, 0.4]

After treatment 0.7 (0.07) [0.6, 0.9] 0.7 (0.07) [0.6, 0.9]

Note. Boldface indicates significant p values. BHU 5 Bilateral Hand Use; BIM 5 bimanual therapy; CI 5 confidence interval; FI 5 Functional Inventory; GMS 5
Gross Motor Skills; M 5 mean; mCIMT 5 modified constraint-induced movement therapy; Mini–AHA 5 Mini–Assisting Hand Assessment; SE 5 standard error;
UHU 5 Unilateral Hand Use.
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maturation and development. Nevertheless, note that a

weakness of this study is that it did not include a non-

intervention control group. However, creating such a

control group raises ethical concerns. According to the

rationale of early intervention, denying treatment from

infants even for a period of a few months may have neg-

ative long-term effects (Friel et al., 2012).

Because the FI was developed specifically for this

research, there is room for further psychometric testing.

Therefore, the results presented should be perceived with

caution. Another issue is the difference between the two

groups in gestational age and birth weight. To over-

come these differences, we correlated these factors with

the baseline performance on the outcome measures and

found that there was no correlation. As mentioned pre-

viously, there was no correlation between birth weight

and birth week and the degree of improvement on the

Mini–AHA.

Larger studies with long-term effects of the treatments

are needed. Because of the advantage of treating such

young infants, it may be expected that the treatment could

have long-term benefits.

Implications for Occupational
Therapy Practice

The results of this study have the following implications

for clinical practice:

• mCIMT and BIM home programs are effective treat-

ments for improving hand function and gross motor

function in infants younger than 18 mo diagnosed

with hemiplegia.

• The family, together with the occupational therapist,

should choose the treatment method with which they

feel more comfortable, because the study showed equal

gains overall for both types of interventions.

• Our findings suggest that among infants treated

with mCIMT, those with lower motivation to per-

sist in mastering manual tasks will have relatively

greater gains.

Conclusion

The main conclusion of this study is that mCIMT and

BIM therapy are both effective methods for treating in-

fants with hemiplegia. This conclusion is based on the

significantly large and equal improvement in hand func-

tion, gross motor function, and high treatment compliance

demonstrated in both groups posttreatment. s
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