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Abstract
Background: Evaluation and treatment of perceptual dysfunction have traditionally been emphasized by
occupational therapists working with adults with brain injury. Visual perceptual problems have been well documented
as they have an impact on activities such as driving and reading. Limited information is available on the effectiveness
of treatment.
Objective: To study the effect of visual perceptual training combined with left hand somatosensory stimulation on
reading skills in individuals with acquired right brain damage
Methods: 10 subjects with acquired right brain damage were included in the study based on selection criteria.
They underwent a comprehensive occupational therapy program of visual perceptual training emphasizing on
reading- related tasks and left hand somatosensory stimulation for 6 weeks. Baseline, post intervention and followup assessments were done using Test of Visual Perceptual Skills-3 (TVPS-3), Letter Cancellation Test, and Reading
Ability Screening Test (RAST).
Results: The program had a significant effect on reading skills with retention on follow-up as shown by RAST
(p<0.05). However, there was no significant improvement on TVPS-3 post intervention indicating a lack of generalization
to skills other than reading.
Conclusion: Visual perceptual training and left hand somatosensory stimulation may be effective in remediation
of reading related perceptual deficits in individuals with acquired right brain damage.
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Introduction
Perception refers to the integration of sensory impressions into
psychologically meaningful information. Visual perception is a process
used by the central nervous system to adapt to the environment. It is
the ability to select those stimuli that require attention and action, to
integrate those stimuli with each other and prior information, and
finally to interpret them [1].
Brain function lateralization is evident in the phenomena of
right- or left-handedness. Left hemisphere directs attention towards
the right half of the body space, whereas the right hemisphere
directs attention towards both the right and left halves of the body
space [2]. Right prefrontal, frontal and parietal regions [3]; right
hippocampus [3], and right occipital region [4] are associated with
visual perception in normal individuals as was studied by Giorgio
Ganis et al. in their study on brain areas underlying visual perception
based on fMRI.
Acquired Brain Injury (ABI) is an overarching term applied to
describe insults to the brain that are not congenital or perinatal in
nature. Usually the term ABI is used to describe the outcome of a
distinct traumatic injury or single event pathology, but is not applied to
the results of progressive disorders or degenerative diseases [5].
Reading is a complex cognitive process of decoding symbols for
the intention of deriving meaning (reading comprehension) and/or
constructing meaning [6]. Difficulty in reading, knows as acquired
dyslexia or alexia, may occur with or without other language challenges,
even when writing ability is intact. The inability or difficulty to read
interferes with work and recreation for many survivors, making it
difficult to follow written instructions. The ease and pleasure of reading
is often replaced by effort and frustration.
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Domains of visual perception that may affect reading are visual
scanning, visual discrimination, and visual spatial relations. The
problems encountered may include missing words or numbers,
skipping individual words in a line, skipping lines, losing space on a
page, inability to discriminate letters in foreground from background,
combination of letters into words etc.
Visual inattention or neglect is usually associated with right
cerebral hemisphere lesions which are attributed to brain function
lateralization [7,8]. It is manifested by a failure to respond or orient
to stimuli presented contra lateral to a brain lesion. Functionally, tasks
such as reading or eating prove more difficult for individuals with right
brain damage [9].
The remediation of reading deficits following acquired right
brain damage was studied by various researchers. Evidence supports
the remediation of acquired dyslexia with visual scanning training
[10-12], and visual discrimination training [13] related to words and
sentences. Further evidence is available regarding the activation of
right side of the brain following remediation of reading problems [3].
Such activation has been observed with limb activation training, which
involves somatosensory stimulation of the contralesional extremity
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[11]. However, no research has been conducted in India for remediation
of reading deficits following brain injury.
Hence, effort was being made in this study to develop a remedial
approach and verify its results scientifically by using a combined
approach of visual perceptual training and left hand somatosensory
stimulation for remediation of reading problems in individuals with
acquired right brain damage.

Materials and Methods
In this prospective experimental study, 99 individuals with
acquired right brain damage were screened. Out of these, 15 had
associated cognitive problems, 9 had aphasia, and 63 were found
to have no significant perceptual problems interfering with reading
ability. 12 subjects matched the inclusion criteria out of which 10
subjects continued it through the entire process. Among them, 9 had
stroke and one had suffered a traumatic brain injury. 3 of the subjects
had hyperopia corrected by convex lenses. Informed consent was
obtained and the participants were evaluated thrice during the study
period- baseline, post intervention (after 6 weeks), and follow-up (2
weeks after completion of intervention to document retention effect).

Inclusion criteria
1. Unilateral acquired right brain damage ( confirmed with MRI)
2. Both sexes
3. Literate subjects (completed basic schooling 10+2)
4. At least 6 months post brain damage
5. Mini mental state examination (MMSE) score> 24
6. Presence of visual perceptual disorders affecting reading ability
1. Presence of aphasia

Age (yrs)

Sex (%)

10
Mean
SD
Range

49.90
12.31
32-70 yrs

Male
Female

07 (70.0)
03 (30.0)

Time since ABI (months)
Mean
SD
MMSE scores

Mean
SD

15.80
16.61
26.20
01.75

(ABI- acquired brain injury; MMSE- Mini-Mental State Examination)
Table 1: The demographic characteristics of the subjects.
Duration

Outcome measures
1. Test of visual perceptual skills-3 (TVPS-3): it was used to
determine visual perceptual strengths and weaknesses. The
established norms for 18 year-olds were used to evaluate
subjects (Martin’06) [14]
2. Letter cancellation test (LCT): was used to assess unilateral
neglect (12)
3. Reading ability screening test (RAST): it is first subtest of the
York Adult Assessment Battery- Revised with components of
reading comprehension, accuracy, time, and rate) [15]

Protocol
All 10 subjects underwent comprehensive occupational therapy
program for 1 hour, thrice a week for 6 weeks comprising of visual
scanning, visual discrimination, and visual spatial training with
reading-related tasks. Left hand somatosensory stimulation was
incorporated with tactile stimulation using textures, identification
of 3-D alphabets, and graphesthesia (writing single numbers or
letters on dorsum of left hand) [1,11]. Baseline, post-intervention
and follow up assessments were performed using TVPS-3, LCT, and
RAST.
Statistical analysis was done using SPSS for Windows, version
13.0. Mean value of the total score was calculated and paired T-test
was used for the comparison of pre intervention – post intervention
as well as pre intervention - follow up TVPS-3, LCT, and RAST scores.
P value less than or equal to 0.05 was considered significant.

Results

Exclusion criteria

No. of Cases

2. Presence of other neurological deficits affecting perceptual
abilities

Table 1 shows the demographic characteristics of the subjects. The
age of subjects ranged from 32 to 70 years with an average age of 49.90
years. 7 subjects were males and 3 were females. Average time since
acquired brain injury was 15.80 months. Mean score of MMSE was
26.20.
Table 2 shows that the mean TVPS-3 score was 64.90 at baseline.
After the treatment, no statistically significant change was observed
in mean TVPS-3 from baseline. At the follow-up, mean TVPS-3
scores increased significantly to 49.2% from baseline (Figure 1).
The mean LCT was 24.00 pre-intervention. Post intervention, mean
LCT showed an increase of 39.6% from baseline where the change
was significant. No change was observed in mean LCT at the end of
follow up from baseline (Figure 1). The mean RAST was 12.10 preintervention. At post and follow up period, mean RAST increased by
67.8% respectively from baseline where the change was statistically
significant (Figure 1).

Mean TVPS ( X ± SD)(N = 10)

Mean LCT ( X ± SD)(N = 10)

Mean RAST ( X ± SD)(N = 10)

Pre intervention (pre)

64.90 + 08.31

24.00 + 6.15

12.10 + 3.35

Post intervention (post)

78.20 + 24.32

33.50 + 2.46

20.30 + 2.06

Follow-up (F/U)

96.80 + 13.32

26.00 + 5.94

20.30 + 2.16

Difference (Pre – Post)(p value)

13.30 + 29.99(0.1943)

*9.50 + 4.79(0.0001)

*8.20 + 1.93(0.0000)

Difference (Pre – F/U)(p value)

*31.90 + 12.58(0.0000)

2.00 + 3.46(0.1008)

*8.20 + 3.12(0.0000)

By Student ‘t’ Test *Significant
(TVPS-Test of Visual Perceptual Skills, LCT- Letter Cancellation Test, RAST- Reading Ability Screening Test)
Table 2: Changes in mean scores of TVPS-3, LCT, and RAST.
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reading skills was done using RAST. The comprehensive OT program
was found to be effective in improving reading skills as was evident by
statistically significant (p<0.05) results both post-intervention and at
the time of follow-up (Table 2).

(TVPS- Test of Visual Perceptual Skills-3; LCT- Letter Cancellation Test; RASTReading ability Screening Test)
Figure 1: The changes in mean scores of TVPS-3, LCT, and RAST at preintervention, post-intervention, and follow-up.

Discussion
Visual perceptual skills related to reading improved in subjects
following 6 weeks of comprehensive occupational therapy program.
Visual scanning may aid in treatment of hemineglect rehabilitation
related to reading skills [11]. The subjects were able to scan the reading
material on receiving visual scanning training though literature
supports the effects being restricted to the task which was specifically
trained, which was reading in the current study [12].
Visual discrimination training may aid the subjects in discriminating
letters, thereby, emphasizing the positioning of these letters to form
words and, finally, reading of sentences. This may enhance the ability
of the individuals to synthesize reading material as a whole and utilize
reading skills in everyday life. Similar training effects were shown to
improve reading skills, specifically reading words, by King et al. [13].
Visual spatial training has been shown to reduce spatial hemineglect
in right brain damage patients by Piccardi et al. [16], though its
effectiveness in remediating reading skills has never been emphasized.
The comprehensive occupational therapy (OT) program comprised
visual spatial training emphasizing tracking, anchoring techniques etc
to improve reading ability of the subjects.
Following 6 weeks of intervention, all the subjects showed an
improvement on standard TVPS scores but they were not statistically
significant (p=0.1943) (Table 2). These findings could be attributed
to the reason that there is erratic and inconsistent generalization
of training effects to non- trained tasks as the treatment program in
current study pertained to reading- related tasks only [17]. However,
after 2 weeks of follow-up, which was the non-intervention period, the
results from baseline were significant (p<0.05) owing to the practice
effect of the test observed after 2 weeks.

Large somatosensory fields for the hands are localized to the
parietal region. The somatosensory stimulation provided in this study
might have contributed to an increase in the activation level in this
area, which is crucial for spatial attention. Polanowska et al. concluded
in their study, combining the effects of left hand somatosensory
stimulation with visual scanning, that the combined approach was
more effective for rehabilitation of stroke patients [11]. This signifies
the role of left hand somatosensory stimulation in improving reading
skills in right acquired brain damage individuals.
The study devised a comprehensive occupational therapy
program including visual perceptual training combined with left hand
somatosensory stimulation which may assist in remediating perceptual
deficits associated with reading in individuals with acquired right brain
damage. However, no generalization of effects was observed to tasks
other than related to reading.
The study may be undertaken with a larger sample size including
a control group for better generalization of results. The duration of
intervention may be increased in order to have good retention effect. To
establish it as a part of permanent improvement, the study of retention
effect may be done at least after 3-6 months.
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