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Introduction

Cerebral palsy (CP) is the most common pediatric physical 
disability, with congenital hemiparesis comprising one of 
the most common forms.1 Strong evidence supporting any 
upper-extremity treatment approach is lacking.2,3 Yet there 
is increasing evidence that hand function in individuals with 
CP does improve during development4-6 and with intensive 
practice.7,8

One means to achieve intensive practice is constraint-
induced movement therapy (CIMT), involving concurrent 
physical restraint of the less-affected hand and unilateral 
training of the hemiplegic hand.9-11 There is increasing evi-
dence supporting the efficacy of pediatric CIMT,2,12,13 and 
its clinical use is proliferating.

Nevertheless, CIMT is potentially invasive,14 and it is 
uncertain whether improved hemiparetic hand use results in 

improved function. Children with hemiplegic CP have 
impaired bimanual coordination above and beyond their uni-
manual impairments,15-17 which may underlie some func-
tional limitations. Furthermore, studies of CIMT (including 
our own)18,19 have not compared it with other, equally 
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Abstract

Background. Constraint-induced movement therapy (CIMT) promotes hand function using intensive unimanual practice 
along with restraint of the less-affected hand. CIMT has not been compared with a treatment with equivalent dosing 
frequency and intensity in children with cerebral palsy (CP). Objectives. The authors report a randomized trial comparing 
CIMT and a bimanual intervention (hand-arm intensive bimanual therapy; HABIT) that maintains the intensity of practice 
associated with CIMT but where children are engaged in functional bimanual tasks. Methods. A total of 42 participants with 
hemiplegic CP between the ages of 3.5 and 10 years (matched for age and hand function) were randomized to receive 
90 hours of CIMT or an equivalent dosage of functional bimanual training (HABIT) conducted in day-camp environments. 
A physical therapist blinded to treatment allocation tested hand function before and after treatment. The primary outcomes 
were changes in Jebsen-Taylor Test of Hand Function (JTTHF) and Assisting Hand Assessment (AHA) scores. Secondary 
measures included the Goal Attainment Scale (GAS). Results. Both the CIMT and HABIT groups demonstrated comparable 
improvement from the pretest to immediate posttest in the JTTHF and AHA (P < .0001), which were maintained at 6 months. 
GAS, however, revealed greater progress toward goals for the HABIT group (P < .0001), with continued improvement 
across test sessions for both groups (P < .0001). Conclusions. Both CIMT and bimanual training lead to similar improvements 
in hand function. A potential benefit of bimanual training is that participants may improve more on self-determined goals.
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Research Articles

 at COLUMBIA UNIV on January 28, 2014nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/
http://nnr.sagepub.com/


Gordon et al 693

intense treatments. Thus, it is unknown whether similar 
improvements in hand function can be achieved with an 
equally intensive bimanual treatment.

We report a randomized clinical trial comparing CIMT 
and a bimanual intervention (hand-arm intensive bimanual 
therapy, HABIT)20,21 that maintains the same dosing fre-
quency and intensity and the progressive task-specific prac-
tice associated with CIMT, but children are engaged in 
functional bimanual rather than unimanual tasks. HABIT 
has a proposed neuroscientific rationale13,22 and is a formal-
ized approach that has an equal amount of personal interac-
tion and intensity as CIMT, encourages functional gains,23 
and has preliminary evidence suggesting efficacy.15,21 Yet 
bimanual training is different from CIMT because of the type 
of activities practiced. Based on theories of motor learning 
(practice specificity),24,25 we hypothesized that the uniman-
ual training associated with CIMT would lead to greater 
improvements in unimanual dexterity, whereas bimanual 
training would lead to greater improvements in bimanual 
hand use and goal attainment.

Method
Participants

Participants were recruited from clinics in the NYC area, 
our Web site (http://www.tc.edu/centers/cit/), ClinicalTrials.
gov (NCT00305006), and online support groups. Potential 
participants were first screened via e-mail and/or telephone. 
Those between the ages of 3.5 and 10 years with congenital 
hemiplegia were invited to receive an on-site physical exam-
ination or an examination videotaped by their physical or 
occupational therapist. The inclusion criteria were estab-
lished based on prior CIMT and HABIT trials19,20: (1) ability 
to extend wrist >20° and fingers at the metacarpophalan-
geal joints >10° from full flexion, (2) the ability to lift the 
more affected arm 15 cm above a table surface and grasp 
light objects, (3) >50% difference in the Jebsen-Taylor Test 
of Hand Function (JTTHF) score between the 2 hands and 
a time below the maximum possible (1080 s) of the paretic 
hand, (4) mainstreamed in school and a Kaufman Brief 
Intelligence test score >70, and (5) demonstrated ability to 
follow instructions during screening and complete the test-
ing. Exclusion criteria included the following: (1) health 
problems unassociated with CP, (2) current/untreated sei-
zures, (3) visual problems interfering with treatment/
testing, (4) severe muscle tone (Modified Ashworth score > 
3.5), (5) orthopedic surgery on the paretic hand within 
1 year, (6) botulinum toxin therapy in the upper extremity 
within the past 6 months or intended treatment within the 
study period, and (7) balance problems precluding wearing 
a sling. Informed consent was obtained from participants 
and caregivers. The study was approved by the University 
Institutional Review Board.

Procedures

General intervention procedures. CIMT and HABIT proce-
dures share in common intensive progressive task practice 
based on motor learning approaches. They differ in that CIMT 
requires hand restraint and progression of unimanual tasks, 
whereas in HABIT, there is absence of restraint, and tasks 
are progressed bimanually. We first describe the common 
procedures followed by procedures specific to CIMT and 
HABIT.

Six HABIT and CIMT day camps were conducted at the 
University from July 2007 to 2009. The day camps were 
held in 2 separate rooms. Participants in 1 room received 
CIMT, and the other received HABIT; 2 to 5 children par-
ticipated in each treatment at each camp. Participants were 
engaged in treatment 6 h/d for 15 consecutive weekdays 
(adjusted for holidays; 90 hours, making up any missed 
hours) during school recess by trained interventionists. Eight 
of the interventionists (out of 42 interventionist/child pairs) 
were physical or occupational therapists (PT/OT; 3 in the 
CIMT group and 5 in the HABIT group). The remaining 
interventionists were graduate students in Kinesiology, 
Neuroscience, Speech Pathology, or Psychology programs 
and undergraduates. Despite a higher level of knowledge 
and awareness of how to interact in a therapeutic manner, 
the PT/OT interventionists were required to provide only 
the specific procedures related to CIMT/HABIT and were 
restrained from using other treatment modalities. The 
expected outcomes were not discussed with intervention-
ists. The pretreatment training, administered by the supervi-
sors, was standardized based on the established manual of 
procedures for each treatment and reinforced by supervisors 
and during daily meetings. Each room was always super-
vised by additional experienced PTs/OTs, who modeled and 
ensured uniformity of treatment.

Participants worked individually with their intervention-
ist or in groups (1:1 interventionist to participant ratio 
always maintained). Interventionists were paired with chil-
dren prior to randomization using family-centered approaches 
considering caregiver and supervisors’ best judgment based 
on the child’s age and gender. Emphasis was placed on 
making participation enjoyable. With the exception of goals 
(see the following), tested task items were never trained. 
Children participated in whole and part task practice. Whole 
task practice involved sequencing successive movements 
within the context of tasks (eg, card games). The activities 
were performed continuously for at least 15 to 20 minutes. 
Targeted movements and spatial and temporal coordination 
were practiced within the context of completing the task. 
Part task practice (analogous to “shaping”)19,20 required 
breaking down motor skills into smaller components (eg, 
playing-card turning to promote forearm supination) while 
increasing repetitions and skill requirements. It also increased 
intensity of treatment by requiring as many repetitions as 
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possible over repeated 30-s intervals (typically a minimum 
of 5 intervals).

Task difficulty was graded by varying the spatial/temporal 
constraints or by providing tasks that required progressive 
skilled use as performance improved. Task difficulty was 
increased when the participant was successful on 7 of 10 
repetitions. Task performance was recorded, and task- 
and age-specific knowledge of results was provided for 
encouragement.26-28

Supervisors instructed interventionists regarding the 
main focus of the treatment (eg, supination) for each child, 
based on his/her pronounced movement deficits, interests, 
and potential for improvement. Data activity logs were col-
lected, which included activities performed, time spent in 
part/whole practice, and the number of repetitions.

Caregivers were instructed to engage participants in home 
practice (unimanual without restraint for CIMT and biman-
ual for HABIT) for 1 h/d during and for 6 months following 
the intervention and document practice using activity logs.

CIMT procedures. CIMT was modified to be child focused 
(for details see Gordon et al19). Participants’ less-affected 
hands were restrained with slings, and unimanual activities 
were performed with the paretic hands. The sling was strapped 
to participants’ trunks with the distal end sewn shut and was 
continuously worn except when toileting or during breaks 
(not >15 min/d).

Participants performed fine-motor and manipulative gross-
motor activities that elicit general movements of interest 
and that included a range of age-appropriate, unimanual 
functional and play activities. The interventionist provided 
assistance where appropriate. For example, during scissor 
use, the child cut paper while the interventionist held and 
rotated the paper.

HABIT procedures. HABIT20 did not use a physical restraint, 
but instead, participants were engaged in age-appropriate 
fine- and gross-motor bimanual activities using motor learn-
ing approaches.28 Activities were selected by considering the 
role of the paretic hand, increasing in complexity from a non-
dominant passive assist (eg, stabilizing paper while drawing) 
to active manipulator (eg, reorienting paper while cutting) 
using increasingly complex bimanual coordination and par-
ticipants’ interests. Task demands were graded, and partici-
pants were engaged in active problem solving.

Interventionists avoided verbal prodding to use the 
paretic hand and instead constrained the environment by 
providing tasks necessitating the use of both hands to elicit 
desired movements. Part practice included both bilateral 
symmetrical (eg, reaching toward object[s] with both hands) 
and asymmetrical (eg, pulling apart objects) movements.

Measures
Participants were evaluated directly prior to treatment (pre-
test), within 2 days (“immediate”), and 1 and 6 months after 

treatment by a physical therapist blinded to group alloca-
tion (verified following testing). Two primary outcome 
measures were used to quantify unimanual capacity and 
bimanual performance under the International Classification 
of Functioning and Health (ICF) “activity and performance” 
domain.29

The Assisting Hand Assessment (AHA, version 4.3,30,31) 
quantifies the effectiveness with which a child with uni-
lateral disability uses his/her affected (assisting) hand in 
bimanual activity. It has excellent validity and reliability 
(interrater = .97, intrarater = .99).31 The test was videotaped 
and scored off-site by an experienced evaluator blinded to 
group allocation.

The JTTHF is a standardized test of simulated functional 
tasks quantifying the time to complete a battery of uniman-
ual activities.32 The activities performed with the paretic 
hand include flipping index cards, object placement, simu-
lated eating, stacking checkers, and manipulating empty 
and full cans. Reliability for children with stable hand 
disabilities is high (.95-.99).33 To determine whether the 
less-affected hand was affected by the restraint (CIMT) or 
use (HABIT), we also measured the JTTHF for this hand 
before and immediately after CIMT/HABIT.

Three secondary measures were also used. The dissoci-
ated movements (ICF “body function”) and grasp (ICF 
“body function” and “activity and performance”) subtests 
of the Quality of Upper Extremity Skills Test (QUEST)34 
were used to characterize dissociation of distal and proxi-
mal upper-extremity movements and attainment of specific 
grasp patterns of the 2 hands (ICF activity and performance 
and body function/structure). The sum score for both hands 
is converted to a standardized score (maximum = 100).

The Goal Attainment Scale (GAS; ICF “activity and per-
formance” and “participation”) was used to quantify progress 
on established goals before group assignment (1 functional 
and 1 play goal defined by caregivers and/or older partici-
pants). Goals were assessed for appropriateness based on 
age and current abilities and scaled off-site by a physical 
therapist. The goals were practiced up to 30 min/d. However, 
because emphasis was placed on embedding practiced move-
ments into fun activities rather than providing “goal-training” 
as is often done in traditional occupational/physical therapy, 
interventionists were given latitude as to how much training 
was provided (if at all) within the 30-minute limit. The 
CIMT group was unable to practice bimanual goals and, 
instead, practiced unimanual movement components com-
prising the goal. Goal achievement35 was rated by the care-
giver and verified by a physical therapist. Scores were 
transformed to standardized T scores (mean = 50; standard 
deviation = 10)35:

T
x

n np n p

j= +
− +

∑
50

10
2
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where x
j
 is the attainment score, n the number of scales, and 

P the expected correlation of scales (P = .3). A T score of 50 
indicates that goals were attained.

Children wore activity monitors (Manufacturing 
Technology Inc, Fort Walton Beach, Florida, #7164; 5.1 
cm × 2.6 cm × 1.5 cm, 42.9 g)36 on their wrists during the 
AHA test sessions. The units sample (10 Hz) and store 
summed values in memory and data were downloaded to a 
PC. The number of accelerations is measured as activity 
counts (0.01664 g for an acceleration of 2.13 g directed 
parallel to the x-axis at 0.75 Hz), which were used to deter-
mine the percentage of time each hand was used while per-
forming AHA activities.21

Statistical Design
Sample size calculations were performed based on AHA 
scores derived from an earlier HABIT trial.21 A mean 
improvement of 0.94 ± 0.54 logits for the HABIT group 
was reported. With α = .05, 1 − β = 0.80, and an estimated 
20% dropout, 21 participants in each group were required. 
Intention-to-treat principles were used.

A 2 (Group) × 4 (Test Sessions) ANOVA with repeated 
measures on test sessions was performed on raw and log-
transformed AHA, JTTHF, QUEST, and accelerometry 
data using SPSS 15. Since the findings were qualitatively 
similar, only analyses of raw data are reported. The over-
all Group × Test Session interaction tested whether the 
time course differed between treatment groups. Planned 
comparisons were used between the pretest and each of 
the posttests and the immediate posttest with the 1- and 
6-month posttest. Bonferroni corrections were used, 
resulting in a significance level of P < .01. A 2 (Group) × 
3 (Posttests) ANOVA with repeated measures on post-
tests was performed on the GAS T scores, with the group 
factor indicating whether one group had greater goal 
attainment.

Results
Patient Flow

Patient flow is shown in the CONSORT flow diagram 
(Figure 1). During recruitment (June 2007-2009), 183 indi-
viduals were screened. Ultimately, 44 qualified individuals 
agreed to participate and were randomized into the HABIT 
or CIMT group (see Figure 1 legend for details). Participants 
(4-10 in each camp) were randomized offsite using con-
cealed allocation stratified by age and JTTHF screening 
score. A total of 42 participants (21 in each group) com-
pleted the study. Table 1 describes participant characteris-
tics. There were no significant group differences in baseline 
scores for any measure (Table 2).

Treatment Characteristics

Participants in the HABIT and CIMT groups completed 
all 90 hours of treatment and averaged 79% and 81% of 
the time in structured practice, respectively (remaining 
time was spent in transitioning between tasks, toileting, 
etc). Children spent 17% and 16% of the practice time, 
respectively, in part practice, with the remainder in whole 
practice. Direct observation by the supervisors and moni-
toring of daily logs confirmed that both treatment proto-
cols were completely adhered to and only the intended 
treatments were received. Home logs indicated that chil-
dren averaged 286 minutes of the requested 360 min/wk 
engaging in home practice during the 6 months following 
the intervention.

No adverse events were reported. Participants stopped 
usual and customary care (UCC) during the treatment but 
resumed afterward (proportion receiving therapy was simi-
lar between groups: P > .05, Table 1). There were no 
changes to preexisting therapy.

Quality and Amount of Movement
Table 2 shows the means for the HABIT and CIMT groups 
at each time point and the pretest to immediate posttest dif-
ference for all measures. For the JTTHF, there was a 141.7 s 
(37.8%) and a 131.2 s (34.5%) decrease for the CIMT and 
HABIT groups, respectively (Figure 2A). Similarly, the AHA 
scaled logit scores improved 2.24 and 3.0 points for the 
CIMT and HABIT groups, respectively (Figure 2B). Planned 
comparisons revealed that the changes were attributed to dif-
ferences between the pretest and immediate posttest that 
were maintained over the 6 months. There were no Group × 
Test Session interactions for either primary measure.

There was no difference in the less-affected hand JTTHF 
for either group (CIMT change score = 6.1, 95% confidence 
interval [CI] = −3.5, 15.7; HABIT change score = 5.2, 95% 
CI = −0.8, 11.3; P > .05 in both cases).

To account for the asymmetric distribution of right- and 
left-side hemiparesis across the 2 groups, we repeated the 
analyses adding side as an additional factor. There was no 
effect of side or group interaction for either measure.

A main effect of testing session was also seen for sec-
ondary measures (QUEST dissociated movements and 
grasp subtests, and the accelerometry, Table 2) for both 
treatments. QUEST changes were largely a result of 
increased scores for the paretic hand (P < .001, not shown 
separately in Table 2). However, scores for the less-
affected hand increased slightly (raw score pretest to 
immediate posttest across both groups, 23.3 to 23.9) for 
the grasp (P < .001) but not for the dissociated movements 
subtest. Accelerometry results indicated that the less-
affected hand moved ~91% and the paretic hand ~64% of 
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the time for each group at baseline. Hand use increased 
~14% for both groups (ie, making up half of the baseline 
difference) for the hemiparetic hand, whereas it remained 

unchanged for the less-affected hand. The changes did not 
correlate with AHA scores changes (r = −0.041) but did 
correlate with JTTHF changes (r = 0.48; P < .001).

183 Assessed for eligibility

61 Completed physical 
screening examination

8 Unavailable/unwilling 
to participate

95 Excluded

27 Unavailable/unwilling 
to participate

44 Randomized

21 Completed treatment

21 Completed 
6-month follow-up

21 Completed treatment

21 Completed 
6-month follow-up

22 Allocated to 
CIMT Group 

1 Did not receive
 CIMT:Family changed 

mind

22 Allocated to 
HABIT Group 

1 Excluded due to failure 
to complete pretest

9 Excluded

Figure 1. CONSORT flow diagram showing progress through the stages of the study, including flow of participants, withdrawals, and 
inclusion in analyses. A total of 183 individuals were screened via telephone/e-mail, and 95 of these were excluded for the following 
reasons: too old (n = 11), too young (n = 35), poor cognition (n = 11), wrong diagnosis (n = 22), botulinum toxin treatment within prior 6 
months or planned within study period (n = 2), uncontrollable seizures (n = 7), prior CIMT within 6 months (n = 5), surgery (n = 1), and 
disease too severe (n = 1). A total of 88 individuals potentially met the study criteria and were invited to undergo physical screening; 27 
individuals chose not to undergo physical screening. Of the remaining 61 individuals, 9 were excluded on the basis of the physical exam: 
too severe (n = 8) and too mild (n = 1). Of these individuals who qualified, 8 chose not to participate: not available during day-camp 
period (n = 5) and hardship associated with participating (n = 3). Ultimately, 44 of the remaining individuals agreed to participate and 
were randomized into the HABIT or CIMT group. One participant dropped out after randomization (unaware of group allocation), and 
another was excluded after the intervention for inability to comply with testing procedures. A total of 21 individuals from each group 
completed the intervention and subsequent posttests. Abbreviations: CIMT, constraint-induced movement therapy; HABIT, Hand-Arm 
Intensive Bimanual Therapy.
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greater progress than the CIMT group, as indicated by sig-
nificant group differences in their T scores across all test 
sessions (Table 3). The combined amount of camp and home 
practice time did not correlate with GAS T scores (r = 0.06) 
at immediate posttest.

Approximately 25% of the identified goals were not prac-
ticed in either group during the interventions or at home. 
However, the T scores for these unpracticed goals were sig-
nificantly higher for the HABIT group (Table 3). These 
scores appeared to improve across test session, but the 
improvement and interaction with group was not statisti-
cally significant.

Predictors of Improvement
Participants with higher initial JTTHF scores had greater 
absolute (r = 0.69), but not percentage change in, JTTHF 
scores for CIMT and HABIT. Neither age nor any other 
variable was related to primary measure improvement for 
either treatment.

Finally, in the present study, only 8 of the 42 participants 
were assigned a physical or occupational therapist for the 
intervention. There was little difference in AHA or JTTHF 
changes (as evidenced by small mean differences and over-
lapping distributions) regardless of whether the interven-
tionist was a PT/OT or not (PT/OT AHA change score = 
1.37, 95% CI = −1.11, 3.86; non-PT/OT AHA change 
score = 2.91, 95% CI = 1.47, 4.35; PT/OT JTTHF change 
score = 118.9, 95% CI = 48.8, 189.0; non-PT/OT JTTHF 
change score = 140.6, 95% CI = 98.4, 182.9). Similar absences 
of differences were observed for the secondary measures.

Discussion
Bimanual training and CIMT resulted in similar improve-
ments in the primary measures, which did not support our 
hypothesis of specificity of training. This suggests that 
improvements in hand function associated with CIMT can 
be achieved with an equally intensive bimanual approach. 
However, there was specificity of training for goal attain-
ment, whereby the HABIT group made better progress on 
established goals and transfer to unpracticed goals. These 
findings have important implications, given the increasing 
popularity and potential invasiveness of CIMT. It is impor-
tant to note that our results suggest that intensive progres-
sive task-specific training improves hand function.

Both CIMT and Bimanual 
Training Improve Hand Function
In agreement with our quasirandomized CIMT/HABIT 
trial,15 there were significant changes in all measures fol-
lowing CIMT and HABIT. The partial η2 (Tables 2 and 3) 
indicated that 26% and 48% of the variance in AHA and 

Table 1. Baseline Participant Characteristics

Characteristics CIMT (n = 21) HABIT (n = 21)

Mean age (SD), years, 
months

6, 3 (2, 2) 6, 4 (1, 11)

Gender  
 Male 9 (43%) 11 (52%)
 Female 12 (57%) 10 (48%)
Paretic hand  
 Right 15 (71%) 9 (43%)
 Left 6 (29%) 12 (57%)
Lesion locationa (type)  
 Right 5(1,b 2,c 2,d 0e) 8 (2,b 2,c 4,d 0e)
 Left 8 (3,b 2,c 3,d 0e) 7 (1,b 3,c 2,d 1e)
 Bilateral 1 (0,b 0,c 1,d 0e) 1 (0,b 1,c 0,d 0e)
Race  
 White 15 (71%) 12 (57%)
 African American 3 (14%) 4 (19%)
 Hispanic 2 (10%) 4 (19%)
 Asian 1 (5%) 1 (5%)
MACS  
 I 2 (10%) 3 (14%)
 II 18 (85%) 17 (81%)
 III 1 (5%) 1 (5%)
Baseline JTTHF, mean (SD), s 375 (254) 381 (226)
KBIT, mean (SD) 96.7 (20.7) 99.3 (16.5)
2PDf 3.1 (0.83) 3.4 (1.5)
Controlled seizures 3 (14%) 7 (33%)
Therapy  
 PT 20 (95%) 21(100%)
 OT 20 (95%) 18 (85%)

Abbreviations: CIMT, constraint-induced movement therapy; HABIT, 
Hand-Arm Intensive Bimanual Therapy; SD, standard deviation; MACS, 
Manual Ability Classification System; JTTHF, Jebsen-Taylor Test of 
Hand Function; KBIT, Kaufman Brief Intelligence Test; 2PD, 2 point 
discrimination (average of thumb and index); PT, physical therapy received 
off-site (number of individuals); OT, occupational therapy received off-site 
(number of individuals).
aMRI from 12 children were not available.
bBrain malformation.
cAbnormality of periventricular white matter.
dCortical/subcortical lesion.
eNonprogressive postnatal brain injury (CIMT child, left precentral gyrus, 
right corona radiata; HABIT child, bilateral swelling, more pronounced on 
right, minimal hyperdensity along body of left ventricle).
fOut of 30 participants, 12 were undetermined because of age.

Goal Attainment

Goal characteristics and attainment are described in Table 3. 
The majority of goals were bimanual (remaining goals were 
unimanual with paretic hand). All goals were related to the 
ICF “activity and performance” domain. The HABIT group 
spent more intervention time practicing goals than the 
CIMT group, but home time practice of goals did not sig-
nificantly differ between groups.

Both groups achieved (T score of 50) or exceeded their 
expected level of goal performance and continued to improve 
across test sessions. However, the HABIT group made 
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JTTHF, respectively, and up to 77% for secondary mea-
sures, is attributable to the treatments. Similar findings 
have been reported following adult stroke cerebral vascular 

accident (CVA) interventions.37,38 The robust JTTHF 
changes for both treatments (137 s) were nearly twice those 
reported in a 13-year follow-up study of hand function 

Table 2. Results

Pretest (95% CI)
Immediate Posttest 

(95% CI)
1-Month Posttest 

(95% CI)
6-Month Posttest 

(95% CI)

Change Score 
(Pretest to Immediate 

Posttest) (95% CI)

Test Session 
Effect P Value 
(Partial η2)

Interaction 
P Value 

(Partial η2)

AHA (Logits)
 CIMT 0.38 (-0.42, 1.17) 0.80 (0.01, 1.58) 0.90 (0.12, 1.67) 1.05 (0.35, 1.74) 0.42 (0.08, 0.76) — —

 HABIT 0.38 (-0.41, 1.17) 0.94 (0.16, 1.72) 0.98 (0.21, 1.76) 0.99 (0.30, 1.69) 0.56 (0.23, 0.90) — —
 Mean 0.38 (-0.20, 0.90) 0.87 (0.30, 1.40) 0.94 (0.40, 1.50) 1.02 (0.60, 1.50) 0.49 (0.25, 0.73) P < .0001 (.260) P = .806 (.008)
JTTHF (s)
 CIMT 374.8 (268.9, 480.6) 233.1 (154.0, 312.2) 207.1 (146.1, 268.1) 221.0 (150.1, 291.8) -141.7 (-195.4, -88.0) — —
 HABIT 380.8 (275.0, 486.7) 249.6 (170.5, 328.7) 236.9 (176.0, 297.9) 222.7 (151.9, 293.5) -131.2 (-185.0, -77.5) — —
 Mean 377.8 (306.1, 449.5) 241.4 (187.7, 295.0) 222.0 (180.5, 263.6) 221.8 (173.9, 269.8) -136.5 (-174.0, -98.9) P < .0001 (.480) P = .857 (.006)
Accelerometry (%)
 CIMT 65.3 (62, 69) 77.6 (75, 81) 77.8 (75, 81) 79.0 (76, 82) 12.3 (9, 15) — —
 HABIT 63.1 (60, 67) 78.3 (75, 81) 76.4 (74, 79) 77.8 (75, 81) 15.2 (13, 18) — —
 Mean 64.2 (60, 70) 78.0 (76, 80) 77.1 (76, 79) 78.4 (77, 80) 13.8 (12, 16) P < .0001 (.774) P = .346 (.027)
QUEST—Dissociated Movement (standardized scores)
 CIMT 85.2 (81.6, 88.8) 90.3 (88.1, 92.6) 91.3 (89.0, 93.5) 89.1 (86.4, 91.8) 5.2 (1.7, 8.7) — —
 HABIT 87.7 (84.1, 91.3) 91.2 (89.0, 93.4) 90.8 (88.5, 93.1) 90.9 (88.2, 93.6) 3.4 (0.2, 6.9) — —
 Mean 86.5 (84.1, 89.0) 90.8 (89.2, 92.3) 91.0 (89.5, 92.5) 90.0 (88.2, 91.8) 4.3 (1.9, 6.8) P < .0001 (.200) P = .369 (.026)
QUEST—Grasp (standardized scores)
 CIMT 69.5 (63.6, 75.4) 80.6 (75.8, 85.4) 81.2 (76.8, 85.7) 78.8 (72.8, 85.0) 11.1 (6.1, 16.1) — —
 HABIT 68.6 (62.7, 74.5) 79.4 (74.6, 84.2) 79.9 (75.5, 84.4) 76.2 (70.1, 82.3) 10.8 (5.8, 15.8) — —
 Mean 69.0 (65.0, 73.0) 80.0 (76.8, 83.3) 80.6 (77.6, 83.6) 77.5 (73.3, 81.7) 11.0 (7.5, 14.5) P < .0001 (.359) P = .948 (.005)

Abbreviations: CIMT, constraint-induced movement therapy; HABIT, Hand-Arm Intensive Bimanual Therapy; JTTHF, Jebsen-Taylor Test of Hand Function; AHA, Assisting Hand 
Assessment; QUEST, Quality of Upper Extremity Skills Test; Mean, represents the average for the CIMT and HABIT groups. 
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Figure 2. A. Mean ± standard error of the mean (SEM) time to complete the 6 timed items (writing excluded) of the Jebsen-Taylor Test of 
Hand Function. Faster times correspond to better performance. The maximum allowable time to complete each item was 180 s, resulting in 
a maximum score of 1080 s. B. Mean ± SEM scaled logit scores on the AHA; higher scores represent better performance.  Abbreviations: 
CIMT, constraint-induced movement therapy; HABIT, Hand-Arm Intensive Bimanual Therapy; AHA, Assisting Hand Assessment.
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development in CP.4 Yet these improvements were achieved in 
just 3 weeks and were maintained at the 6-month follow-up.

Since early development of corticospinal tract (CST) is 
activity dependent, prolonged movement restraint in the 
developing infant could conceivably affect the restrained 
hand.13,39 Treatments that potentially promote rebalancing 
M1 excitability, such as bimanual practice or inhibiting 
contralesional M1 using transcranial magnetic stimula-
tion,40 may facilitate recovery. Our findings indicate that 
bimanual training is an effective alternative to CIMT.

Intensive approaches such as CIMT may be additive 
over repeated exposures.41 Thus, emphasis should be placed 
on providing treatment in a child-friendly manner. There could 
also be an additive effect of combined (CIMT/bimanual) 
ingredients. Combined treatment showed improvement com-
pared with a group of participants who received the same 

cumulative amount of an alternative treatment, although 
the dosing schedules were different.42 Our findings of simi-
lar improvements in hand function for both treatments may 
indicate that both dosing schedule and intensity may be 
important.

Bimanual Training and Goal Attainment
Bimanual training affords learning strategies that have 
direct impact on daily routines. Although both groups 
achieved expected goal performance, the attainment was 
higher for the HABIT group at all test sessions. Goal 
attainment continued to improve for both groups across 
test sessions, with the CIMT group appearing to make 
greater continued gains at the 6-month posttest (but P > .05). 
Not surprisingly, most goals were bimanual because 

Table 3. Goal Attainment Scale

Goal Category
Number of 

Goals  

 Unimanual 6 (17.0%)  
 Bimanual 36 (83.0%)  
Functional goal type  
 Dressing 26 (62.0%)  
 Eating 12 (28.6%)  
 Improve object  
  manipulation

3 (7.1%)  

 Other 1 (2.3%)  
Play goal type  
 Ball play 19 (45.2%)  
 Computer/video game 6 (14.2%)  
 Scissors 5 (11.9%)  
 Othera 12 (28.7%)  

Goal Practice (minutes) Intervention Home  

 CIMT 70.8 (78.7) 12.1 (22.1)  
 HABIT 138.0 (98.2) 25.9 (32.3)  
 t Test t = 2.45, P < .05 t = 1.6, P = .11  

 Immediate 
Posttest 
(95% CI)

1-Month 
Posttest 
(95% CI)

6-Month 
Posttest 
(95% CI)

Group Effect 
P Value 

(Partial η2)

Test Session 
Effect P Value 
(Partial η2)

Interaction 
P Value 

(Partial η2)

GAS (T score—all goals)b

 CIMT 51.0 (47.5, 54.4) 54.5 (51.5, 57.6) 59.0 (55.8, 62.3) — — —
 HABIT 59.1 (55.6, 62.7) 61.3 (58.1, 64.4) 63.8 (60.5, 67.0) — — —
 Mean 55.0 (52.6, 57.5) 57.9 (55.7, 60.1) 61.3 (58.9, 63.7) P < .001 (.264) P < .001 (.235) P = .412 (.022)
GAS (T score—unpracticed)
 CIMT 47.5 (39.4, 55.6) 49.5 (42.9, 56.1) 59.5 (53.5, 65.5) — — —
 HABIT 60.0 (50.3, 69.7) 60.7 (52.8, 68.6) 61.4 (54.2, 68.7) — — —
 Mean 53.8 (47.4, 60.1) 55.1 (50.0, 60.3) 60.5 (55.8, 65.2) P < .05 (.258) P = .076 (.158) P = .174 (.110)

Abbreviations: CIMT, constraint-induced movement therapy; HABIT, Hand-Arm Intensive Bimanual Therapy; CI, confidence interval; GAS, Goal 
Attainment Scale.
aOther play activities included braiding hair, holding a book or cards, playing with Legos, dressing a doll, and using a remote car.
bAverage of functional and play T scores; Mean, refers to the mean of the CIMT and HABIT groups.
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participants had a well-functioning dominant hand. 
Performance of bimanual activities in hemiplegic CP is a 
complex process influenced by internal and external fac-
tors, with strategies chosen based on the least negative 
alternative.43 Thus, improved bimanual performance is func-
tionally important, and bimanual training allows direct 
practice of these goals.

It would not be surprising that goals that are practiced 
more improve more. However, despite the greater goal prac-
tice in the HABIT group, this was not the case because the 
amount of practice did not correlate with GAS improvements. 
It is particularly interesting that there was greater improve-
ment even for unpracticed goals for the HABIT group. Thus, 
there was better transfer of practice from other bimanual skills 
to goal achievement. This transfer could be a result of 
improvements in the ability to coordinate movements between 
the 2 hands and/or increased problem solving (identified as 
important for plasticity)44 required during bimanual perfor-
mance, given the increased degrees of freedom. Accordingly, 
action planning in children with hemiplegia may improve fol-
lowing a combined CIMT/bimanual training.45

Therapeutic Considerations
One potential advantage of CIMT is that the restraint 
allows the interventionist to focus solely on the more 
affected hand. Our protocol relies on a 1-to-1 interven-
tionist to child ratio. In the absence of this possibility, the 
restraint may result in greater intensity because partici-
pants would have no choice but to use their more-affected 
hand (ie, forced use). However, the restraint would pre-
clude opportunity to practice functionally meaningful (biman-
ual) movements.

The similar improvements regardless of whether or not 
interventionists were clinicians suggest that the 1-to-1 ratio 
can be maintained in an economically feasible manner. The 
similarity is likely a result of the fact that preintervention 
training is standardized, and clinicians were required to 
closely adhere to standardized procedures and not adminis-
ter therapeutic techniques incompatible with motor learning 
approaches used by HABIT and CIMT.28 Both treatments 
were supervised by PT/OTs, who maintained the integrity 
of the standardized training, which may have further reduced 
differences.

Limitations
There may be individual differences that make 1 treatment more 
effective for a given individual or yield a response difference 
that depends on the hemiparetic side. There was an unequal 
distribution of side of hemiparesis in each group. However, 
when this was taken into account, the results did not change.

It is conceivable that the measures used are not sensitive 
enough to detect subtle differences between treatment 

outcomes. For example, there could be differential changes 
in the spatial–temporal coordination of the hands that can 
only be determined kinematically. Furthermore, although 
the sample size was fairly large for a physical rehabilitation 
study, differences may emerge with a larger and more diverse 
sample.

We did not randomize interventionist assignment or 
include a no-treatment/UCC group. However, for the latter, 
nearly all the improvement occurred at the immediate post-
test. Although we only had 1 pretest, the JTTHF during 
screening (~1 month prior) and at pretest did not signifi-
cantly differ. Furthermore, earlier studies of CIMT4,18 and 
HABIT21 indicate that these measures do not change over 
6 months in a UCC group.

Finally, treatment efficacy may differ at lower dosages 
(ie, the 90 hours may wash out differences). In fact, an 
earlier 60-hour HABIT study found that hand function began 
to return toward baseline at 1-month posttest,21 whereas 
we did not find this following 60 hours of CIMT18 (albeit 
using different measures) or for either 90-hour treatment 
here.46 Further research is required to establish both opti-
mal ingredients, dosage responses, and feasibility in real-
world settings.

Acknowledgments

We thank Pamela Wareham and Cecile Grobert for assistance in 
analyzing data; Sandeep Prabu for evaluations; Ellen Romein for 
scoring AHA assessments; Lena-Krumlinde Sundholm for a criti-
cal discussion; Robert Palisano for assistance in goal attainment 
scaling; Steven Wolf for helpful comments on an earlier draft of 
this manuscript; Jennifer Schneider for behind-the-scenes support 
and data analysis; Ruth Nass, MD, and Jason Carmel, MD, for 
neurological consulting; Carol Garber for use of her laboratory; 
our evaluators and volunteer interventionists for their dedicated 
efforts; and the participants and families for their participation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the authorship and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research and/or authorship of this article: this work was 
supported by a grant from the Thrasher Research Fund and CVS 
Landmark Cares.

References

 1. Stanley FJ, Blair E, Alberman ED. Cerebral Palsies: Epi-
demiology and Causal Pathways. London, UK: Cambridge 
University Press; 2000.

 2. Sakzewski L, Ziviani J, Boyd R. Systematic review and 
meta-analysis of therapeutic management of upper-limb 
dysfunction in children with congenital hemiplegia. Pediat-
rics. 2009;123:1111-1122.

 at COLUMBIA UNIV on January 28, 2014nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/
http://nnr.sagepub.com/


Gordon et al 701

 3. Anttila H, Autti-Ramo I, Suoranta J, Makela M, Malmivaara A. 
Effectiveness of physical therapy interventions for children 
with cerebral palsy: a systematic review. BMC Pediatr. 2008; 
8:14.

 4. Eliasson AC, Forssberg H, Hung YC, Gordon AM. Develop-
ment of hand function and precision grip control in individu-
als with cerebral palsy: a 13-year follow-up study. Pediatrics. 
2006;118:1226-1236.

 5. Fedrizzi E, Pagliano E, Andreucci E, Oleari G. Hand func-
tion in children with hemiplegic cerebral palsy: prospective 
follow-up and functional outcome in adolescence. Dev Med 
Child Neurol. 2003;45:85-91.

 6. Holmefur M, Krumlinde-Sundholm L, Bergstrom J, 
Eliasson AC. Longitudinal development of hand function in 
children with unilateral cerebral palsy. Dev Med Child Neu-
rol. 2010;52:352-357.

 7. Duff SV, Gordon AM. Learning of grasp control in chil-
dren with hemiplegic cerebral palsy. Dev Med Child Neurol. 
2003;45:746-757.

 8. Gordon AM, Duff SV. Fingertip forces during object manipu-
lation in children with hemiplegic cerebral palsy: I. Anticipa-
tory scaling. Dev Med Child Neurol. 1999;41:166-175.

 9. Taub E, Miller NE, Novack TA, et al. Technique to improve 
chronic motor deficit after stroke. Arch Phys Med Rehabil. 
1993;74:347-354.

 10. Lin KC, Wu CY, Liu JS, Chen YT, Hsu CJ. Constraint-induced 
therapy versus dose-matched control intervention to improve 
motor ability, basic/extended daily functions, and qual-
ity of life in stroke. Neurorehabil Neural Repair. 2009;23: 
160-165.

 11. Wu CY, Chuang LL, Lin KC, Chen HC, Tsay PK. Random-
ized trial of distributed constraint-induced therapy versus 
bilateral arm training for the rehabilitation of upper extremity 
motor control and function after stroke. Neurorehabil Neural 
Repair. 2011;25:130-139.

 12. Hoare B, Imms C, Carey L, Wasiak J. Constraint-induced 
movement therapy in the treatment of the upper limb in chil-
dren with hemiplegic cerebral palsy: a Cochrane systematic 
review. Clin Rehabil. 2007;21:675-685.

 13. Gordon AM, Friel KM. Intensive Training of Upper Extrem-
ity Function in Children With Cerebral Palsy. New York, NY: 
Cambridge University Press; 2009.

 14. Martin JH, Choy M, Pullman S, Meng Z. Corticospinal sys-
tem development depends on motor experience. J Neurosci. 
2004;24:2122-2132.

 15. Gordon AM, Steenbergen B. Bimanual coordination in chil-
dren with cerebral palsy. In: Eliasson AC, Burtner P, eds. 
Improving Hand Function in Children With Cerebral Palsy: 
Theory, Evidence, and Intervention. London, UK: Mackeith 
Press; 2008:160-175.

 16. Hung YC, Charles J, Gordon AM. Bimanual coordination 
during a goal-directed task in children with hemiplegic cere-
bral palsy. Dev Med Child Neurol. 2004;46:746-753.

 17. Utley A, Steenbergen B, Sugden DA. The influence of object 
size on discrete bimanual co-ordination in children with 
hemiplegic cerebral palsy. Disabil Rehabil. 2004;26:603-613.

 18. Charles JR, Wolf SL, Schneider JA, Gordon AM. Efficacy of 
a child-friendly form of constraint-induced movement ther-
apy in hemiplegic cerebral palsy: a randomized control trial. 
Dev Med Child Neurol. 2006;48:635-642.

 19. Gordon AM, Charles J, Wolf SL. Methods of constraint-
induced movement therapy for children with hemiplegic 
cerebral palsy: development of a child-friendly intervention 
for improving upper-extremity function. Arch Phys Med 
Rehabil. 2005;86:837-844.

 20. Charles J, Gordon AM. Development of hand-arm bimanual 
intensive training (HABIT) for improving bimanual coordi-
nation in children with hemiplegic cerebral palsy. Dev Med 
Child Neurol. 2006;48:931-936.

 21. Gordon AM, Schneider JA, Chinnan A, Charles JR. Efficacy 
of a hand-arm bimanual intensive therapy (HABIT) in chil-
dren with hemiplegic cerebral palsy: a randomized control 
trial. Dev Med Child Neurol. 2007;49:830-838.

 22. Murase N, Duque J, Mazzocchio R, Cohen LG. Influence of 
interhemispheric interactions on motor function in chronic 
stroke. Ann Neurol. 2004;55:400-409.

 23. Dobkin BH. Confounders in rehabilitation trials of task- 
oriented training: lessons from the designs of the EXCITE 
and SCILT trials. Neurorehabil Neural Repair. 2007;21:3-13.

 24. Shea CH, Wright DL. Contextual dependencies: influence on 
response latency. Memory. 1995;3:81-95.

 25. Thorndike EL. Educational Psychology: Briefer Course. 
New York, NY: Columbia University Press; 1914.

 26. Carr J, Shepard R. Neurological Rehabilitation: Optimizing 
Motor Performance. Oxford, UK: Butterworth-Heinemann; 1998.

 27. Hemayattalab R, Rostami LR. Effects of frequency of feed-
back on the learning of motor skill in individuals with cere-
bral palsy. Res Dev Disabil. 2010;31:212-217.

 28. Gordon AM, Magill RA. 2012. Motor learning: application 
of principles to pediatric rehabilitation. In SK Campbell, RJ  
Palisano, MN Orlin. Physical Therapy for Children. St. Louis:  
Elsevier. (Saunders). pp. 151-174.

 29. World Health Organization. International Classification 
of Functioning, Disability, and Health (ICF). Geneva, 
Switzerland: World Health Organization; 2001.

 30. Krumlinde-Sundholm L, Eliasson A-c. Development of the 
Assisting Hand Assessment: a Rasch-built measure intended 
for children with unilateral upper limb impairments. Scand J 
Occup Ther. 2003;10:16-26.

 31. Krumlinde-Sundholm L, Holmefur M, Kottorp A, Eliasson 
AC. The Assisting Hand Assessment: current evidence of 
validity, reliability, and responsiveness to change. Dev Med 
Child Neurol. 2007;49:259-264.

 32. Jebsen RH, Taylor N, Trieschmann RB, Trotter MJ, Howard 
LA. An objective and standardized test of hand function. Arch 
Phys Med Rehabil. 1969;50:311-319.

 at COLUMBIA UNIV on January 28, 2014nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/
http://nnr.sagepub.com/


702  Neurorehabilitation and Neural Repair 25(8)

 33. Taylor N, Sand PL, Jebsen RH. Evaluation of hand function 
in children. Arch Phys Med Rehabil. 1973;54:129-135.

 34. DeMatteo C, Law M, Russell D, Pollock N, Rosenbaum P, 
Walter S. QUEST: Quality of Upper Extremity Skills Test. 
Hamilton, ON, Canada: McCaster University, Neurodevelop-
mental Clinical Research Unit; 1992.

 35. Kiresuk TJ, Smith A, Cardillo JE. Goal Attainment Scal-
ing: Applications, Theory, and Measurement. Hillsdale, NJ: 
Lawrence Erlbaum; 1994.

 36. Uswatte G, Foo WL, Olmstead H, Lopez K, Holand A, Simms LB. 
Ambulatory monitoring of arm movement using accelerometry: 
an objective measure of upper-extremity rehabilitation in persons 
with chronic stroke. Arch Phys Med Rehabil. 2005;86:1498-1501.

 37. Hayner K, Gibson G, Giles GM. Comparison of constraint-
induced movement therapy and bilateral treatment of equal inten-
sity in people with chronic upper-extremity dysfunction after 
cerebrovascular accident. Am J Occup Ther. 2010;64: 528-539.

 38. Brogårdh C, Lexell J. A 1-year follow-up after shortened 
constraint-induced movement therapy with and without mitt 
poststroke. Arch Phys Med Rehab. 2010;91:460-464.

 39. Martin JH, Friel KM, Salimi I, Chakrabarty S. Activity- and 
use-dependent plasticity of the developing corticospinal sys-
tem. Neurosci Biobehav Rev. 2007;31:1125-1135.

 40. Kirton A, Chen R, Friefeld S, Gunraj C, Pontigon AM, 
Deveber G. Contralesional repetitive transcranial magnetic 

stimulation for chronic hemiparesis in subcortical paedi-
atric stroke: a randomised trial. Lancet Neurol. 2008;7: 
507-513.

 41. Charles JR, Gordon AM. A repeated course of constraint-
induced movement therapy results in further improvement. 
Dev Med Child Neurol. 2007;49:770-773.

 42. Aarts PB, Jongerius PH, Geerdink YA, van Limbeek J, Geurts 
AC. Effectiveness of modified constraint-induced movement 
therapy in children with unilateral spastic cerebral palsy: a ran-
domized controlled trial. Neurorehabil Neural Repair. 2010; 
24:509-518.

 43. Skold A, Josephsson S, Eliasson AC. Performing bimanual 
activities: the experiences of young persons with hemiplegic 
cerebral palsy. Am J Occup Ther. 2004;58:416-425.

 44. Kleim JA, Jones TA. Principles of experience-dependent neu-
ral plasticity: implications for rehabilitation after brain dam-
age. J Speech Lang Hear Res. 2008;51:S225-S239.

45. Craje C, Aarts P, Nijhuis-van der Sanden M, Steenbergen B. 
Action planning in typically and atypically developing chil-
dren (unilateral cerebral palsy). Res Dev Disabil. 2010;31: 
1039-1046.

 46. Gordon AM. To constrain or not to constrain, and other 
stories of intensive upper extremity training for children 
with unilateral cerebral palsy. Dev Med Child Neurol. In 
press.

 at COLUMBIA UNIV on January 28, 2014nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/
http://nnr.sagepub.com/

