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Effect of hand-arm bimanual intensive training based on FITT-CORRECT
principles on upper limb function and functional independence in children with

spastic hemiplegia
Niu Huihui',Wu De!,Liu Qi',Chen Zhirui',Duan Jun!,Chen Hemu?

("Department of Pediatrics, Center for Pediatric Neurological Rehabilitation, The First Affiliated
Hospital of Anhui Medical University,, Hefei 230022; >2Department of Rehabilitation Medicine, The
First Affiliated Hospital of Anhui Medical University, Hefei 230022)

Abstract Objective To investigate the effects of Hand-Arm Bimanual Intensive Training (HABIT)
based on the FITT-CORRECT principles on upper limb function and functional independence in
children with spastic hemiplegic cerebral palsy. Methods A total of 87 children with spastic
hemiplegia were enrolled and randomly divided into an observation group (n=44), which received
HABIT based on the FITT-CORRECT principles, and a control group (n=43), which received
conventional HABIT. Both groups received intervention for 6 weeks. The Quality of Upper Extremity
Skills Test (QUEST), Peabody Developmental Motor Scales—Fine Motor (PDMS-FM), and the
Functional Independence Measure for Children (WeeFIM) were administered before and after
treatment. The root mean square (RMS) values of the biceps and triceps brachii during maximum
isometric contraction of elbow flexion and extension on the affected side were also measured. Results
Before treatment, there were no significant differences between the two groups in QUEST, PDMS-FM,
WeeFIM scores, or RMS values of the biceps and triceps during maximum isometric contraction of
the affected elbow (P>0.05). After 6 weeks of treatment, no significant change was observed in the
RMS values of the triceps during elbow flexion in either group (P>0.05). All other outcome measures
improved significantly in both groups (P<0.05). The observation group showed significantly greater
improvements in dissociated movement and grasp scores of QUEST, grasp and visual-motor
integration scores of PDMS-FM, WeeFIM scores, as well as RMS values of the biceps during elbow
flexion and both the biceps and triceps during elbow extension on the affected side (P<0.05).
Conclusion Compared with conventional HABIT, HABIT based on the FITT-CORRECT principles is
more effective in improving upper limb function and functional independence in children with spastic

hemiplegia.

Key words cerebral palsy; children; spastic hemiplegia; rehabilitation; Hand-Arm Bimanual Intensive

Training; upper limb function; functional independence
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Tab.1 Comparison of general data between the two groups

Item Control group (n=43) Observation group (n=44) x4/t value P value
Sex (n) 0.019 0.891
Male 27 27
Female 16 17
Age (X £ S, months) 52.19#0.57 52.61+11.33 -0.182 0.856
Affected side (n) 0.013 0.910
Left 20 21
Right 23 23
GMFCS (n) 0.012 0.914
1 21 22
I 22 22
MACS (n) 0.164 0.921
I 7 7
I 24 23

I 12 14
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Tab.2 HABIT based on the FITT-CORRECT principles

Component Content

F-Frequency Therapist-guided rehabilitation: 3 sessions/week (Monday, Wednesday, Friday)

Home rehabilitation: 2 sessions/week (Tuesday, Thursday)

I-Intensity Rating of perceived exertion (RPE) was used. Target intensity was set at a "moderate
effort" level (RPE 4-6/10)

T-Time Each therapist-guided rehabilitation session lasted 40 min

Each home rehabilitation session lasted 40 min

T-Type Game-based bimanual upper limb training combined with sensory input

Functional and task-oriented bimanual upper limb training

C-Combination Spasticity and fatigue management strategies

Task-specific training




Cognitive-motor strategies

O-Order of

interventions or
exercises

Warm-up activities

Spasticity management/postural preparation

Bilateral symmetrical activities

Bilateral alternating activities

Functional, goal-directed bilateral coordination/task-integrated activities

Cool-down activities (gentle movements, relaxation exercises, and feedback summary)

R-Repetitions

Task progression was achieved by increasing repetitions, duration, or task difficulty, with
emphasis on high-quality completion of functional tasks or maintenance of correct
movement patterns for a specified duration

R-Rest period
between sets and
between sessions

Rest period was individualized based on the child's subjective recovery status

E-Exercise at home

Content: 2-3 core bilateral exercises selected from therapist-guided rehabilitation.

Executor: the primary caregiver (parents) provided guidance and supervision at home,
including correct movement patterns, key observation points, and encouragement
strategies.

Adherence strategy: therapists followed up implementation through videos or record
sheets and answered questions.

Safety strategy: home rehabilitation was stopped immediately and the therapist was
contacted if any problem occurred (e.g., refusal, movement distortion, or aggravated
spasticity).

C-Cognitive domain

Motivation: game-based design oriented to the child's cognitive/developmental level and
interests, with small challenges and immediate rewards.

Self-determination: within a safe range, children were allowed to choose activities
independently, describe movement experiences, and set small goals.

Self-efficacy: children were guided to recognize "I can use both hands together to
complete XX", and were encouraged to apply new skills at home to ensure successful
experiences.

T-Total dose and
re-evaluation plan

6 weeks (18 therapist-guided rehabilitation sessions + 12 home rehabilitation sessions)

Process evaluation (after each session): movement quality, fatigue, spasticity change,
participation motivation, home rehabilitation implementation, and feedback were
recorded; children were involved in self-evaluation to optimize goal activities.

Standardized assessment (after 6 weeks): interviews (goal attainment, satisfaction, and
motivation changes) and decision-making (reasons for goal attainment status were
analyzed, parameters were adjusted, and new goals and strategies were established).
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Tab.3 Comparison of QUEST scores before and after treatment between the two groups (X £ S ,score)

Item Control group (n=43)  Observation group (n=44) t value P value

Dissociated movement

Before 87.5349.56 87.3649.54 0.084 0.934

After 91.0249.48" 96.5947.52"# -3.031 0.003
Grasp

Before 33.21#4.45 34.414.04 -1.317 0.191

After 36.5646.01" 39.2344.55™ -2.339 0.022

Weight bearing
Before 76.9346.39 77.9548.17 -0.651 0.517
After 80.5645.78" 82.68+7.51" -1.476 0.144
Protective extension
Before 52.4244.89 51.1845.15 1.149 0.254

After 54.5646.85" 56.6446.44" -1.459 0.148

7E:  "P<0.05 vs Before treatment within the same group; #P<0.05 vs Control group after treatment.
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Tab.4 Comparison of grasp function, visual-motor integration, and WeeFIM scores before and after treatment
between the two groups (X £ S ,score)

Item Control group (n=43) Observation group t value P value
(n=44)




Grasp function
Before 33.1945.78 32.0744.67 0.993 0.324
After 34.8146.48" 38.6845.89™ -2.910 0.005

Visual-motor integration

Before 76.95+13.93 75.2344.40 0.568 0.572

After 86.65210.64" 93.00+14.76™ -2.160 0.034
WeeFIM

Before 78.72+11.02 79.64%7.09 -0.562 0.645

After 85.1611.01" 93.6448.85™ -3.951 <0.001

7¥:  "P<0.05 vs Before treatment within the same group; *P<0.05 vs Control group after treatment.
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Tab.5 Comparison of RMS values during maximal isometric flexion and extension of the affected elbow joint
before and after treatment between the two groups (X =S, uv)

Item Control group (n=43) Observation group (n=44) t value P value

Affected elbow flexion
Biceps brachii
Before 23.5644.60 22.2843.54 1.452 0.150
After 26.3044.92" 29.0545.01"% -2.585 0.011
Triceps brachii
Before 10.98+2.63 9.9942.96 1.659 0.101
After 9.93%2.27 9.21+1.92 1.614 0.110
Affected elbow extension
Biceps brachii

Before 16.84+2.84 15.5644.29 1.637 0.105



After 14.3343.34" 9.7242.56™ 7.217 <0.001
Triceps brachii
Before 20.1443.90 20.4313.71 -0.350 0.727

After 21.7242.72" 23.7844.51 -2.571 0.012

7¥:  "P<0.05 vs Before treatment within the same group; *P<0.05 vs Control group after treatment.
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