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INTRODUCTION

Traumatic brain injury (TBI) is defined as an insult to
the brain caused by an external force that may produce
diminished or altered states of consciousness, which
results in impaired cognitive abilities or physical
functioning1. Road traffic injuries are the leading cause
(60%) of brain injury. A vehicular accident is reported
every 3 minutes and it is estimated that nearly 1.6 million
people in India sustain head injuries annually2. Memory
deficits are the most frequent chronic cognitive
disturbance reported in TBI3,4.

Neurofeedback Training (NFT) is a state of art training
based on operant conditioning. It requires an individual
to modify the amplitude, frequency or coherence of the
electrical activity and learn to influence the electrical
activity of their brain. The goal is to train the individual
to normalize abnormal EEG frequencies5. Patients with
TBI have benefited with NFT6,7. Slowing of EEG, of
varying degree and duration, scattered spike activity of
varying intensities was reported in TBI8.
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Abstract: Road traffic injuries are the leading cause (60%) of brain injury. It is estimated that India
would occupy third position for Traumatic brain injury (TBI) by 2020. The most vulnerable group of
population is the young adults for TBI. The purpose of the present study was to examine neurofeedback
training (NFT) to enhance verbal and visual learning and memory in patients with traumatic brain
injury (TBI). Single case pre- and post-intervention study was adopted. The neuropsychological
profile of the patient was compared pre and post NFT.  Patient with mild head-injury was given 20
sessions of NFT, 45 min / day, 5 days a week. The training incorporated video feedback to increase
the frequency of alpha waves (8-12 Hz): and to decrease theta waves (4-7 Hz). The pre assessment
showed impairment in verbal learning and memory. Results indicated improvement in both verbal and
visual learning memory in patient post NFT. The present study puts forward that NFT should be taken
into account to plan for rehabilitation of patients with TBI for enhancement of learning and memory.
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CASE REPORT

Patient S was a 30-year-old married male from middle
socio economic status, employed in a garment factory
with nil significant personal, past and family history
presented with complaints of poor memory, increased
irritability associated with increased distress in meeting
the demands of family. He had sustained a mild head
injury in road traffic accident one year earlier. He
reported significant memory problems in the form of
frequently leaving money at home, forgetting information
related to work. He experienced anxiety about his
memory deficits. He was referred to neuropsychological
evaluation in view of his cognitive deficits.

MATERIALS

The assessment was done using the Rivermead Post-
Concussion Symptoms Questionnaire9, Rivermead Head
Injury Follow Up Questionnaire (RHFUQ), Edinburgh’s
Handedness inventory10, Quality of life Scale11,
NIMHANS Neuropsychological Battery12 - Verbal
Learning and Memory was assessed by the Auditory
Verbal Learning Test and visual learning and memory by
Complex Figure Test (CFT).

PROCEDURE

With informed consent the patient was assessed with
adequate rest pause during the testing. The patient’s pre
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training revealed impairment in verbal learning and
memory indicating the involvement of left medial
temporal lobe. Following the assessment the training was
carried out for 4 weeks of 45 minutes, 20 individual
training sessions. Electrodes were placed according to
the 10– 20 International System on O1, O2, with two
reference and one ground point. The training was to
enhance alpha and to decrease the frequency of theta
waves. The post assessment following the completion of
training revealed significant improvement of verbal
learning and memory.

RESULTS

The post NFT demonstrated significant changes from
the pre training in the verbal learning and memory. There
was reduction of scores in post concussion symptoms
on RPQ and RHIFQ. There were positive results in
areas of physical, social, psychological and environmental
factors on QOL. There was significant improvement for
verbal learning and memory on AVLT. Visual learning
and memory on CFT improved. There was increase in
alpha and decrease in frequency of theta waves. Tables
and graphs 1, 2, 3, 4 and 5 are showing the scores on
RPQ, RHIFQ, WHO- QOL, AVLT, CFT and Alpha-
Theta pre- and post training.

Table 1: Shows the scores of RPQ and RHFUQ Pre & Post
intervention.

RPQ Pre RPQ Post RHIFQ Pre RHIFQ Post

40 25 32 26

Graph 1: Shows Pre & Post scores of RPQ & RHIFQ

Table 2:  Shows the scores of WHO-QOL Pre & Post intervention

QOL Physical Psychological Social Environmental

Pre Post Pre Post Pre Post Pre Post

S 20 30 26 30 12 14 18 20

Graph 2: Shows the scores of WHO – QOL Pre & Post intervention

Table 3: Shows the Percentiles of AVLT Pre & Post intervention.

Pt  S Total AVLT Immediate Recall Delayed Recall

Pre Post Pre Post Pre Post

5 60 5 30 5 75

Graph 3:  Shows the scores AVLT Pre & Post intervention across
5 trials.

Graph 4: shows the scores total, immediate and delayed recall in
AVLT Pre & Post intervention.
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Table 4: shows the Percentiles of CFT Pre & Post intervention

CFT IR Pre CFT IR Post CFT DR Pre CFTDR Post

90 95 90 95

Graph 5: shows the scores of Complex Figure Test Pre & Post
intervention.

Graph 6: showing the pre post Alpha & Theta scores

DISCUSSION

The purpose of this study was to examine neurofeedback
training in enhancement of verbal and visual memory in
TBI. Patient S was assessed on measures of handedness,
post concussion symptoms, quality of life, verbal and
visual memory. The pre training results indicate severe
impairment in verbal memory. After completion of
training the patient demonstrated improvements post
concussion symptoms, quality of life, in verbal learning
and memory. Patient reported improvement in memory
and found the training beneficial. These results could be
attributed to the research findings that the theta activity
has an influence on the cellular mechanisms of
memory through its role in facilitating long-term
potentiation13, recognition memory processes14, whilst
upper alpha (9.5–12 Hz) reflects retrieval from long-term
memory15.

CONCLUSION

• This study demonstrated that the NFT was useful
for patient with TBI to enhance his learning and
memory.

• Patient’s post concussion symptoms reduced with
improvement in quality of life.

• There was increase in  Alpha decrease in Theta
frequency

• However there is greater need for further work with
large sample.
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