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Abstract

Several studies conducted previously showed that tactile acuity of blind individuals was enhanced. However, no study has investigated whether the effects of visual
deprivation on tactile acuity can be extended to those with a visual impairment, but without true blindness. This study examined tactile acuity and stereognosis in
elderly with visual impairment and those with normal vision. A total of 36 participated in the study and were divided into two groups: visually impairment and
sighted groups. Their abilities were assessed by four assessments including two-point discrimination test, monofilament test (for touch pressure), tactile orientation
discrimination test (by JVP domes), and stereognosis test. Results showed no significant difference in tactile abilities between visually impaired and sighted participants

except in stereognosis. The enhancement in the ability for object recognition is particularly interesting and could be studied further in future research.

Introduction

Human beings are equipped with multiple senses and specialized
sensory organs to interact with the multisensory world. When a
person loses the ability to detect one type of sensory input, cortical
compensation may be developed by using information obtained
from other senses [1]. This was evidenced when comparing with
sighted participants, superior performance was exhibited in the blind
individuals in, for example, auditory pitch discrimination and pitch-
timbre categorization tasks and motion perception task [2,3]. Cuevas
et al. also showed similar results using an olfactory discrimination and
identification paradigm [4].

Tactile sensations are classified into simple and complex stimuli
sensations. Simple stimuli sensations include touch detection and
sensitivity to pressure and vibration, while complex stimuli sensations
include those for texture, spatial acuity and orientation, stereognosis,
and manual exploration [5]. Tactile acuity refers to the precision that
features on an item can be sensed or recognized by the hand [6].
Stereognosis is the ability to recognize and identify common objects
through tactile manipulation without visual or auditory cues. This
ability requires the integration all tactile sensations of the hand [5].

In regards to tactile sensations, a number of previous studies
have reported superior performance (e.g., in duration and temporal
discrimination, grading orientation discrimination, and 3D shape
recognition) for the blind when compared to sighted individuals [7-
10]. However, others reported no difference between the two groups
of participants [1,11,12]. The discrepancies in these results can be
accounted for by differences in methodology [10]. However, the
questions still exist whether superior tactile acuity is possessed by blind
adults compared to sighted persons. Previous studies about sensory
deprivation and tactile acuity have been conducted in people with early,
late, or congenital blindness. This investigation attempts to extend the
studies about the effects of visual deprivation on tactile acuity to those
with a visual impairment but without true blindness.
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Methodology
Participants

There was a total of 36 visually impaired and sighted elderly who
participated in this research. Twenty participants were assigned to the
visual impairment group and the remaining 16 were assigned to the
control group. Participants were assigned into either group according
to the results from the visual acuity test or information collected from
their medical record (including age, gender, educational level, visual
acuity, medical history and present illnesses). Individuals whose visual
acuity was worse than 20/60 but have at least one eye better than no
light perception (NLP) were assigned into the visual impairment
group. Those who have visual acuity equals to or better than 20/60 were
allocated into control group. Inclusion criteria were an age of 60 or
above and no hand trauma or disabling conditions that would affect the
function of the upper limbs. With reference to a similar study conducted
previously, subjects would be excluded if they have diabetes [13]. All
participants were recruited from local nursing homes, including a
local society for the blind. All participants in visual impairment group
and control group were right-handed. The study was approved by the
Research Ethics Sub-Committee of the College. Written consent was
gathered from all participants.

Procedures

Visual acuity test (e.g., Tumbling E chart) was conducted to
differentiate participants into visually impaired or control groups. Each
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eye was tested separately. The eye not being tested was blocked. If the
person being tested typically wears eyeglasses or contact lenses full-
time, the eyewear would be worn during the test.

A total of four tactile assessments were performed by participants:
two-point discrimination test, monofilament test (for touch pressure),
tactile grating orientation discrimination test (by JVP domes), and the
stereognosis test. All participants were blindfolded when performing
all the above tests. Two-point discrimination, monofilament, and
tactile orientation discrimination tests were performed on finger pads
of thumb, index and middle fingers of both hands.

A stereognosis kit was used for the evaluation. It consisted of 17
common items, such as pen, pencil, key, coins etc. For the purpose of
this study, stereognosis test was modified slightly from standardized
procedures established in a previous study [14]. The test began with
placing first object in dominant hand. Participants had as much time as
they wanted to feel that object and then gave their final answer to what
they thought it was. The object would be taken from their hand and
replaced by the next object after they gave their answer. This process
was repeated until all objects had been tested in the dominant hand.
Then, the same objects were used to test the non-dominant (left) hand.

Data analysis

Results from the two-point discrimination, tactile grating
orientation discrimination, and stereognosis tests were analyzed using
independent sample t-tests. Results from the monofilament test were
analyzed using Mann-Whitney U test. Demographic data were also
analyzed to check whether there was any difference in participant
characteristics (i.e., gender proportion, age, and years of education).

Results

Table 1 shows the participant characteristics and assessment
results from the four tactile tests. Between the control and visual
impairment groups, there were no statistically significant differences
in gender proportion (p=0.1), age (p=0.39), and years of education
(p=0.08). Significant differences were also not identified in the
two-point discrimination (p’s>0.24), monofilament (p’s>0.21) and
tactile grating orientation discrimination tests (p’s>0.22). Number of
items participants were able to identify between the two groups was
significantly different (right hand p<0.05, left hand p<0.01).

Discussion

To our knowledge, this is the first study that assessed visually
impaired participants (with better vision than NLP) and sighted
persons. From the comparisons made between the two groups of
participants, significant results were not found in three, which tested
simple stimuli sensations, of the four tactile assessments. These results
indicated that this aspect of tactile sensations was not enhanced in this
group of visually impaired participants. Along this line, Cattaneo, et
al. [15] discovered that late-blind and sighted participants performed
similarly in their tactile tasks, suggesting their tactile abilities did not
have significant differences. Results from this investigation implied that
true blindness (NLP) and the duration of vision impairment maybe
important factors for developing potential tactile acuity enhancement.
All of the participants in this study became visually impaired during
adulthood, instead of having vision lost congenitally or early in life.
Papagno, et al. [1] suggested that advantages in touch sensations are less
likely to have emerged if people became visually impaired in adulthood,
as cortical reorganization is more likely to occur in the early blind
persons [16].
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Table 1. Participant characteristics and assessment results

Demographics and Control Visually impaired
test Scores n=16 participants n=20
Sex (women), % 81.3 55
Age (years), mean+SD (range) 85.8+7.8 (71-94) | 83.549.3 (62-99)
Education (years), (range) 0.75 (0-6) 3 (0-10)
fr;ep:nint discrimination (mm), Right thumb 42 47
Left thumb 4.1 43
Right index 4.1 4.8
Left index 4.2 4.9
Right middle 4.4 5.0
Left middle 44 4.7
Monofilament (g), median Right thumb 0.16 0.16
Left thumb 0.16 0.31
Right index 0.16 0.16
Left index 0.16 0.16
Right middle 0.16 0.16
Left middle 0.16 0.16
(Gn:;t;?fn (;;izntation discrimination Right thumb 34 35
Left thumb 3.8 3.6
Right index 3.8 3.6
Left index 39 3.7
Right middle 3.8 3.8
Left middle 39 3.8

Stereognosis (number), mean+SD

(range) Right hand

11.4+3.4 (3-17) | 13.5£2.1 (9-17)*

Lefthand | 11.9432 (4-16) | 14.3£1.9 (11-17)**

* p<0.05; ** p<0.01.

In this experiment, it was also found that visual impairment group
performed more superiorly in the stereognosis task. Few studies have
evaluated stereognosis in the blind. Norman and Bartholomew [10],
however, examined a similar concept, abilities to discriminate 3D
shapes, in their blind and control participants. Their results in the
late onset blindness group, that was similar to ours, indicated that the
ability to discriminate 3D shape was enhanced and that early visual
experience may be needed to facilitate the development of this ability,
as the enhancement was not identified in their congenitally blind
participants. Our results indicated that a certain amount of visual
deprivation can already enhance the ability to recognize objects.

In general, visually impaired participants outperformed sighted
controls on the task involving stereognosis but not on two-point
discrimination, touch pressure, or tactile grating orientation
discrimination. The enhancement in ability for object recognition
is particularly interesting and could be studied further in future
research.
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