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Biofeedback devices have been used successfully to improve head control and 
symmetrical standing in children with cerebral palsy. This clinical report describes 
a biofeedback seat insert developed to improve erect sitting posture in children 
with cerebral palsy who have inadequate trunk control. The seat insert is easily 
placed against the back of any seating device. A momentary-contact pressure 
switch on the seat insert is activated when the child exerts pressure on it by 
extending his trunk. The pressure switch then activates a videocassette recorder 
or can be adapted to activate a television or radio. Five children with spastic 
cerebral palsy participated in this evaluation of the biofeedback seat insert. The 
results of this evaluation show that the children used the biofeedback seat insert 
effectively to actively improve their sitting posture by voluntarily extending their 
trunk against the pressure switch. The biofeedback seat insert offers physical 
therapists a valuable therapeutic training tool to encourage carry-over of im
proved sitting posture away from the clinical setting for children with cerebral 
palsy. 
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One of the most common and limiting motor deficits 
exhibited by children with moderate to severe cerebral palsy 
(CP) is the lack of head or trunk control. Development of 
normal head and trunk control is crucial for subsequent motor 
development and for the acquisition of upper and lower 
extremity functional skills. Inadequate control of the head 
and trunk has obvious disabling implications for social, edu
cational, and motor aspects of development. 

Current physical therapy techniques for children with CP 
facilitates increased head and trunk control and the emergence 
of normal postural reactions.1-3 Physical therapy for children 
with CP attempts to decrease the effects of abnormal muscle 
tone and exaggerated primitive reflexes while simultaneously 
using movement and positioning to facilitate the emergence 
of normal movement components (eg, midline head control, 
antigravity trunk control, and the ability of the extremities to 
bear and shift weight).1-4 For children with moderate to severe 
CP, achievement of functional skills (eg, midline head control, 
independent erect sitting) will directly facilitate the achieve
ment of educational and social goals. 

Although physical therapy is effective in helping children 
with CP achieve some of these functional gains, success is 
often limited by the brevity of direct intervention by a physical 
therapist. The necessity of treatment carry-over into the home 
and school has prompted physical therapists to spend hours 
instructing parents and teachers in proper handling and po

sitioning techniques.5,6 Even so, the amount of time a child 
spends in therapeutic activity is usually minimal compared 
with the amount of time a child spends habituating poor 
postural movement patterns. Repetition of correct, near-peak 
performance such as that demonstrated during a therapy 
session is required for the development of coordinated, pur
poseful movement.7 Repetition of abnormal positioning will 
lead to compensations, deformity, and profound structural 
changes in joints and muscles.8 

Biofeedback positioning aids may be used to lengthen the 
amount of time a child with CP practices correct postural 
control. According to Leiper et al, "The possibility of using 
knowledge of muscular activity and body movements as 
precise and repetitive sensorimotor performance information 
has greatly expanded with the development of biomonitoring 
technology."9 Sensorimotor performance information has 
been used successfully to teach new movements or redirect 
aberrant movements with the intent of developing long-term 
functional improvement of motor control.9,10 

Biofeedback, for use in treatment of children with CP, can 
be defined as the use of sensory feedback (usually visual or 
auditory) through which objective performance information 
related to a specific motor task is presented to provide the 
child with immediate, consistent feedback of performance.9 

Because CP is a developmental disability, Ayres11 and Harris12 

suggested that one of the basic deficits in CP leading to 
observed motor incoordination is in the sensory system as 
well as in the motor system. One of the primary problems for 
children with abnormal movement may be inefficient sensory 
information, or inapproprioception.11,12 Harris postulated that 
biofeedback devices that provide augmented or exteroceptive 
(visual or auditory) sensory information can be used by 
children with CP to better calibrate the proprioceptive infor
mation they receive and, therefore, help them to achieve 
improved motor control.12 
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In treatment of the child with CP, sensory feedback has 
been used to improve symmetrical standing,13,14 increase distal 
muscle control,15,17 and most frequently and successfully to 
improve head control.8,18-21 All of these studies have demon
strated that children with CP can improve their performance 
of motor tasks using various types of biofeedback. No studies 
have specifically studied trunk control or the use of biofeed
back in an adaptive seating device. 

To encourage children with CP to spend increased periods 
of time practicing correct sitting posture, the Easter Seal 
Society of Berks County developed the biofeedback seat insert 
(BSI).* We conducted a preliminary evaluation to determine 
whether use of the BSI would effectively increase the amount 
of time children with CP practice correct sitting posture. The 
purposes of this clinical report are 1) to describe the BSI, 2) 
to present preliminary data on the effectiveness of the BSI, 
and 3) to discuss the advantages of the BSI. 

DESCRIPTION OF BIOFEEDBACK SEAT INSERT 
The BSI is a 17- × 11-in† wooden back insert with a 3.5- x 

2.5-in commercially available momentary-contact pressure 
switch attached at the center (Fig. 1). The pressure switch is 
mounted onto two 1.5- × 10-in metal brackets that allow 
adjustment of the switch placement up or down. The BSI can 
be strapped against the back of any chair or seat. The pressure 
switch has a connecting wire that can activate a videocassette 
recorder (VCR) or can be adapted to activate a television or 
radio. 

EVALUATION OF BIOFEEDBACK SEAT INSERT 
Five children with spastic diplegia or spastic quadriplegia, 

ranging in age from 38 to 60 months ( = 52 months), 
participated in this evaluation. Table 1 summarizes the func
tional differences between the children with spastic diplegia 
or spastic quadriplegia. Parents of each child signed an in
formed consent form and a photo release statement. Before 
participating in the evaluation, we determined that the chil
dren met the following criteria: 1) normal intelligence as 
documented by a psychologist; 2) ability to pass a preschool 
eye test (screening)‡; 3) no range-of-motion limitations ex
ceeding a 15-degree hip flexion contracture (Thomas test) or 
popliteal angle exceeding 25 degrees22; 4) no structural spinal 
deformity; 5) full passive trunk and pelvic mobility; 6) clinical 
evidence of inadequate trunk control with independent or 
supported sitting characterized by forward flexion of the 
trunk, often in conjunction with hyperextension of the head; 
and 7) ability to hold midline head control for more than five 
minutes when in adaptive seating. 

For the evaluation, the BSI pressure switch was connected 
to a digital timer and to a VCR (Fig. 2). Throughout the 
evaluation, pressure on the pressure switch activated the 
timer, yielding readings to one-hundredth of a second. When 
connected, pressure on the pressure switch would also turn 
on the VCR. The BSI was placed in a small wooden chair 
with adjustable lateral supports at the child's trunk and hips 
and a lap belt at a 45-degree angle to the seat. Wooden 
platforms of varying heights were placed under the child's feet 
for support. Appropriate seating adjustments were made for 
each child. 

Fig. 1. Biofeedback seat insert. Front view is on the left (A); back 
view is on the right (B). 

The evaluation was conducted in one room during one 
session at the Easter Seal Society of Berks County. The 
evaluation room was devoid of any distractions. Parents re
mained with their child during the procedure, but were asked 
to sit quietly nearby and to give no physical or verbal cues to 
the child. The children were previously familiar with the room 
and with both therapists (D.B.B., A.L.G.). Each child was 
given a few minutes to explore the evaluation area. 

At the start of the evaluation, each child was seated in a 
chair similar to the one used for the actual test. Without 
discussion, we separately examined the child's spine and 
located the apex of forward flexion, noting it on a piece of 
paper. There was 100% agreement between the two therapists 
(D.B.B., A.L.G.) on each child. The apex was then marked 
on the child with a wax crayon, and the child was seated in 
the chair equipped with the BSI. We positioned the center of 
the pressure switch against the marking on the child's back. 

The child was positioned in the adaptive seat with his pelvis 
against the back of the chair, feet supported on a platform on 
the floor, knees flexed slightly higher than hips, and trunk 
erect with thoracolumbar spine against the BSI at the back of 
the chair. The child's head was in midline with eyes facing 
horizontally. The child was seated at a standardized 10-ft§ 

distance from a television monitor positioned directly at 
midline, horizontal to the child's head and eyes. The child 
was asked to choose a videotaped children's film for viewing, 
and the evaluation proceeded in the following sequence. 

Segment 1—Baseline 
The child was given a verbal instruction to "sit up straight 

and watch the movie." The movie and the timer were turned 
on for five minutes, but the VCR was not connected to the 
pressure switch on the BSI. The movie played regardless of 
the position the child assumed. The timer recorded the 
amount of time the child exerted pressure by sitting against 
the pressure switch on the BSI. 

Segment 1—Biofeedback 
The therapist (D.B.B.) then demonstrated to the child that 

the movie would play only if the child sat up straight, exerting * Easter Seal Society of Berks County, 1040 Liggett Ave, Reading, PA 19611. 
† 1 in = 2.54 cm. 
‡ Home Eye Test for Preschoolers, National Society to Prevent Blindness, 

79 Madison Ave, New York, NY 10016. § 1 ft = 0.3048 m. 
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TABLE 1 
Subject Characteristics 

Subject 

1 

2 

3 

4 

5 

Sex 

M 

F 

M 

F 

M 

Age 
(mo) 

56 

54 

60 

53 

38 

Diagnosis 

spastic diplegia 

spastic diplegia 

spastic quadri-
plegia 

spastic quadri-
plegia 

spastic quadri-
plegia 

Functional Level 

Independent floor sitting with rounded 
trunk, hyperextended head, and 
poor balance. Stands with support 
with minimal trunk and lower ex
tremity control. 

Independent floor sitting with rounded 
trunk, asymmetry, and hyperex
tended head. Stands and cruises 
with support with increased exten
sion in lower extremities. 

Floor sitting with support character
ized by asymmetry, head hyperex-
tension, and poor trunk righting. 
Stands with support with minimal 
control. 

Floor sitting momentarily with support 
characterized by poor midline head 
and trunk control. Uses motorized 
wheelchair. No standing. 

Floor sitting momentarily unsupported 
characterized by rounded trunk, 
asymmetry, and head hyperexten-
sion. Stands with support with poor 
control and increased extension. 

Thomas 
Test (°) 

5 
(bilat

eral) 

15 
(bilat

eral) 

15 right, 
10 left 

10 
(bilat

eral) 

10 
(bilat

eral) 

Popliteal 
Angle (°) 

20 
(bilat

eral) 

25 
(bilat

eral) 

15 right, 
20 left 

20 right, 
15 left 

25 
(bilat

eral) 

Apex 
Forward 
Flexion 

L1 

L2 

T12 

L1 

L1 

Fig. 2. Evaluation setting with biofeedback seat insert in adapted 
seat connected to a videocassette recorder and digital timer. 

pressure on the pressure switch. The child was given the verbal 
instruction, "The movie will only play when you sit up 
straight. Sit up straight and watch the movie." The timer, 
VCR, and pressure switch were then turned on for five 
minutes. During this period of time, the VCR movie played 
only when the pressure switch on the BSI was activated by 
pressure on it from the child's correct sitting posture. The 
timer recorded both the total amount of time and the amount 
of time the pressure switch was activated. 

Segment 2 

The procedures described for the baseline and biofeedback 
phases of segment 1 were repeated exactly during the baseline 
and biofeedback phases of segment 2. Between each five-
minute phase, the child's position in the chair was checked 
and corrected if necessary. This check ensured that all phases 

started with the child seated in the correct position. At the 
end of the fourth five-minute phase, all devices were turned 
off, and the child was removed from the chair. 

The entire session lasted 30 to 40 minutes for each child. 
The same therapist (D.B.B.) activated the timer and VCR and 
gave the verbal instructions for each child. The other therapist 
(A.L.G.) sat quietly in the back of the room, observing the 
child's behavior and posture throughout the evaluation and 
making qualitative notes. 

RESULTS 

Table 2 presents a comparison of the amount of time (in 
seconds) each child exerted pressure against the pressure 
switch for each of the four recording phases of segments 1 
and 2 of the evaluation. We averaged the individual scores 
and derived a group mean for each testing phase. Figure 3 
graphically depicts the performance of the whole group. The 
amount of time the children exerted pressure against the 
switch was much greater during each biofeedback phase than 
during the baseline phases. Figures 4 and 5 show one child's 
sitting posture during the baseline and biofeedback phases. 
During the baseline phase (Fig. 4), note the forward flexion 
of the trunk, retraction of the scapula, and capital hyperex-
tension of the head. Compare this posture with the child's 
posture during the biofeedback phase (Fig. 5), which demon
strates appropriate midline head control and erect trunk 
extension. 

Although the small sample size does not permit conclusive 
statements, the BSI appears to be an effective device for 
stimulating and maintaining erect sitting posture in children 
with spastic CP. During the baseline phases, when the movie 
played regardless of the posture the children assumed, little 
time was spent with erect trunk position exerting pressure on 
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the pressure switch. Conversely, during the biofeedback 
phases, the children reacted immediately when the movie 
stopped and corrected their posture so that trunk pressure on 
the switch turned the movie back on. 

DISCUSSION 

The results of our evaluation show that the use of a bio
feedback device, specifically the BSI, can foster improved 
sitting posture in children of normal intelligence with spastic 
CP. Increasing the amount of time daily a child with CP 
spends habituating correct posture should increase the thera
peutic value of adaptive seating devices. Correct seating is 
believed to prevent deformity and improve function in chil
dren with CP. 

The BSI has many advantages. It is light, compact, and 
simple to adjust. All of the children reported that sitting 
against the BSI and the momentary-contact pressure switch 
was comfortable. Visual observation reveals that a reasonable 
amount of trunk pressure activates the switch but that inci
dental bumping or involuntary movement does not activate 
it. The BSI can be used in any seating device. Although we 
typically use the BSI in conjunction with a VCR, it is easily 
adapted for use with a television or radio. As with all biofeed
back training, the biofeedback must be meaningful for the 
children. In this evaluation, all five children were very inter-

TABLE 2 
Amount of Timea Subjects Exerted Pressure Against Pressure 
Switch 

Subject 

1 
2 
3 
4 
5 

Segment 1 Segment 2 

Baseline 

26.5 
21.9 

177.0 
16.4 
26.8 

Biofeedback 

188.3 
251.5 
300.0 
242.2 
243.6 

Baseline 

62.8 
45.8 

299.3 
67.7 
12.7 

Biofeedback 

267.5 
215.9 
292.0 
280.8 
254.7 

Fig. 4. Characteristic posture of subjects during baseline phase. 
Note head hyperextension and forward flexion of trunk. 

ested in the movie and were very motivated to continue 
viewing it. For long-term use, the movie should be changed 
as needed. 

Subjective assessment of the children's posture and move
ments during the evaluation was carried out by a therapist-

Fig. 3. Linear graph showing amount of time (in seconds) that subjects exerted pressure on pressure switch during baseline and biofeedback 
phase of segments 1 and 2. Each dot represents the average amount of time for all subjects. 

a Time in seconds. Total time of each phase was 300 seconds. 
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Fig. 5. Characteristic posture of subjects during biofeedback phase. 
Note midline head control and erect trunk position. 

observer at the back of the room. She observed no abnormal 
extension movements when the children corrected their pos
ture to activate the device. Volitional attempts to extend the 
trunk did not appear to cause undesirable postural deviations 
(eg, increased asymmetry, scapular retraction, or abnormal 
stabilization of other body parts). Fatigue was evidenced in 
one subject (Subject 4) by increased drooling and obvious 
difficulty keeping the switch activated, although she did not 
stop her efforts to continue viewing the movie. Subject 3 
responded to the biofeedback and retained an erect posture 
throughout the evaluation. 

This preliminary evaluation demonstrates that the BSI is 
useful for improving active sitting posture in children with 
CP. The results demonstrate that children with CP can vol
untarily improve their sitting posture. Further study is needed 
to answer several questions. How does increased time spent 
in erect sitting affect trunk control and treatment carry-over? 
Does increased time spent in aligned seating lead to increased 
functional gains or decreased incidence of musculoskeletal 
deformity? How much daily time should a child spend using 
a BSI device to facilitate long-term gains in posture or func
tion? Will children who use such a device sustain interest over 
time or become quickly bored and disinterested? Controlled 
research studies are needed to manipulate the variables and 
to answer these questions. 

SUMMARY 

We found the BSI to be a promising training tool for 
improving sitting posture in children with CP. This evaluation 
demonstrates that young children can actively respond to 
external feedback and voluntarily correct their sitting position. 
We believe the BSI can increase the effectiveness of adaptive 
seating devices and stimulate habituation of proper sitting for 
children with CP. Further controlled studies should analyze 
specific advantages of the BSI and examine its carry-over 
effects and long-term consequences. 
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