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The Significance of Somatosensory Stimulation to the Hand: Implications
for Occupational Therapy Practice

Abstract

The hands contain numerous nerve endings that are intimately connected to the brain. Mounting evidence supports the
concept that willful manipulation of objects contributes to expansion or reorganization of the somatosensory cortex and
can produce therapeutic outcomes. In the past decade, research has demonstrated that cortical plasticity can continue
throughout adulthood. Brain plasticity is a core principle that demonstrates the ability of the central nervous system to
respond to stimuli and modify its structural organization and function as an adaptive response. Occupation-based
interventions, which engage the use of the hands, are conceived in this article as a “mindbody” experience because of the
vast potential for perceptual learning and neurologic reorganization. Many types of neuroplasticity have been identified,
but “activity-dependent neuroplasticity” is an essential concept for occupational therapy practice. In addition, the
concept of “cross-modal plasticity” will also be delineated with regard to implications to clinical practice. Guidelines for
tactile or somatosensory stimulation will be derived from a systematic review of the neuroscience literature.
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There is a common belief in occupational
therapy (OT) that through the use of our hands, one
can influence their state of health (Reilly, 1962). In
her 1976 Eleanor Clarke Slagle Lecture, Joy Huss
outlined the significance of touch as a therapeutic
intervention. Neuroscience evidence supports the
premise that the sensory receptors in the fingers
generate action potentials that communicate to
multiple neural networks and specific neurons in the
cerebral cortex that correspond with the hand and
face (Bangert & Schlaug, 2006; Kaas, 1991, 1997,
2004b, 2005; Merzenich & Jenkins, 1993;
Merzenich et al., 1996; Obretenova, Halko, Plow,
Pascual-Leone, & Merabet, 2010). There is also
strong evidence that continuous and long-lasting
participation in tactile or sensorimotor skills with
the hands results in substantial changes (expansion)
in the corresponding regions (maps) of the cortex
(Burton, Sinclair, & McLaren, 2004; Recanzone,
Merzenich, & Dinse, 1992). The evidence on
neuroplasticity also suggests that there is an
“activity-dependent” type of neuroplasticity that is
enhanced through touch and the manipulation of
objects (Bly et al., 2003; Doidge, 2007; Frey &
Povinelli, 2012; Hallett, 2005; Hlustik, Solodkin,
Gullapalli, Noll, & Small, 2001; Jones, 2000; Vance
& Wright, 2009).

Activity-dependent neuroplasticity is the
nervous system’s capacity to change structurally
and functionally in response to tactile input that
involves participation in an occupation. Studies
show that when one engages in specific repeated
activities in a routine fashion, the manipulation of
objects will alter the boundaries of neuronal maps

developed on the.surface of.the cortex (Burton et
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al., 2004; Hoffken et al., 2007; Recanzone,
Merzenich, & Dinse, 1992). As a result of both
actively and passively stimulating the hands for as
little as two weeks, changes up to 34 percent can be
objectively measured in motor skills and spatial
tactile discrimination (Ladda et al., 2014). Because
occupational therapists are interested in engaging
clients in manual tasks, it is prudent to look at the
evidence that contributes to this concept. This
article will review selected neuroscience evidence
to support the premise that somatosensory
stimulation to the hands can influence the
organization of the brain and promote better
outcomes in habilitation and rehabilitation.
Literature Review

In her 1961 Eleanor Clarke Slagle lecture,
Mary Reilly stated, “man, through the use of his
hands, as they are energized by mind and will, can
influence the state of his own health” (p. 87). This
profound statement has had a tremendous influence
on the philosophical and founding concepts of OT.
Until recently, the evidence to support this claim
has been based on clinical observations and
anecdotal findings. A review of the elements of the
Occupational Therapy Practice Framework:
Domain and Process (AOTA, 2014) shows that
client factors, which include body functions and
body structures, are essential to OT practice. In
addition, performance skills, which contribute to
sensory perceptual skills and the sense of position in
space, enable one to conceptualize a sense of “self.”
When OT practitioners engage clients to use their
hands in performing a purposeful manual task, they
are evoking a “consciousness of movement” that

involves a continuous feedback loop that informs
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the nervous system about the quality and precision
of the movements, which is a high level of
adaptation and sensory integration.

Clinical interventions used in the 1960s and
1970s were based mainly on a “bottom up”
approach, meaning the interventions were applied
“to the client” mainly through somatosensory,
proprioceptive, and vestibular stimulation (Ayres,
1973; Huss, 1977; Rood, 1963). More recently,
Bundy, Lane, and Murray (2002) identified a
number of sensory-based interventions that
expanded the sensory integration frame of
reference. The Wilbarger Approach is based on the
premise that “individuals require a certain quality
and quantity of sensory experiences to be skillful,
adaptive and organized in their daily lives”
(Wilbarger & Wilbarger, 2002, p 339). Ina
systematic review of the Wilbarger approach,
Weeks, Boshoff, and Stewart (2012) found that the
evidence so far has been drawn from small sample
studies and has limited generalizability. Schaaf,
Hunt, and Benevides (2012) suggest that the
methodologies for evaluating the effectiveness of
sensory-based interventions in randomized,
controlled trials is improving through a method
called Goal Attainment Scaling, which allows
varied goals to be quantified on the same scale. So
far, the literature on sensory stimulation in OT has
been limited.

Contributions of Neuroscience

In the past ten years, neuroscience has
informed us that the brain contains more than 100
billion neurons that reach action potentials to

communicate with each other for the formation of
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complex neural networks that enable the
performance of task-oriented functions (Bear,
Connors, & Paradiso, 2006; Johnson & Soucacos,
2012). Two types of mechanoreceptors are
embedded in the skin of the hand. One type is
slowly adapting (SA) and another type is rapidly
adapting (RA), both of which detect pressure and
touch, respectively (Kandel, Schwartz, & Jessell,
2000). In addition, the larger fingers have more
widely spaced mechanoreceptors (Wong, Peters, &
Goldreich, 2013). The hands contain remarkable
discriminative sensory organs that can accomplish
amazing manual activities. By manipulating three-
dimensional objects, complex pathways are formed
in the cortex and are physiologically connected to
behavioral outcomes, such as the stress response,
emotions, and the immune system (Calero &
Navarro, 2007; Doidge, 2007; Fong et al., 2005;
Hussain, 2010; Ramachandran & Hirstein, 1998;
Tinaazi et al., 2000).

In recent years, neuroscience studies have
amassed considerable evidence that shows that there
Is an intimate relationship between the
somatosensory cortex and the surface of the hands
and fingers in both primates and humans. Two
researchers in particular, Jon Kaas (2004a, 2004b,
2004c, 2005) and Michael Merzenich (1984, 1993,
1996), have conducted neuroscience studies that
show that stimulation of the sensory receptors in the
hand, either through passively applied stimulation
or through the voluntary manipulation of objects,
enlarges the boundaries of the neuronal assembles
in the cortex. In one study, Merzenich and Jenkins
(1993) found that if a digit is amputated in adult
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monkeys, the cortical sensory representation to that
digit is taken over by the adjacent digits within two
months. In another study, Pons et al. (1991) found
that the somatosensory cortex not only undergoes
remarkable reorganization after long-term
deafferentation, but that the cortical area originally
corresponding to the hand is taken over by sensory
input to the lower facial region, which is
topographically just below the hand on the
homunculus.

In 1949, Donald Hebb proposed the concept
of nerve assemblies. In Hebb’s classic book, The
Organization of Behavior: A Neuropsychological
Theory (1949), he formulated his “dual trace
mechanism” theory, whereby interconnected and
coactive neuronal circuits permanently modify the
efficacy of pathways. According to Hebb,
connections between neurons increase in efficacy in
proportion to the degree of correlation between pre
and postsynaptic activity. In other words, “neurons
which tend to fire together, wire together.”
Drawing on data and concepts from the molecular
systems, Hebb also applied this theory to processes
of learning and memory (Brown & Milner, 2003).

It has been known for some time that the
hand is amazingly over-represented in the
somatosensory cortex (Kaas et al., 1995; Penfield &
Boldrey, 1937; Penfield & Rasmussen, 1950). Dr.
Wilber Penfield conducted pioneering studies by
applying a small electrical probe to regions of the
cortex to elicit motor responses in the hand and
other body regions in preparation to perform
neurosurgery on patients with brain tumors and

seizure disorders. From studies of over 400
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patients, Penfield and Rasmussen (1950) discovered
the sensory and motor homunculus, which is used
today to depict the representation of neurons to
body structures on the surface of the cortex. The
hands, lips, and face are abundantly represented to
enable assembles of neurons to interact during the
performance of highly skilled hand manipulations
and speech and facial expressions. Beyond the
borders of the somatosensory and motor cortices,
Penfield found that if he stimulated areas of the
parietal and temporal lobes, his patients reported
unusual “mindbody sensations,” such as smelling
odors, recalling long-lost memories, and
experiencing visual and auditory hallucinations and
even out-of-body experiences (Penfield &
Rasmussen, 1950).

The neuronal cell assembles in the cortex
are organized in six layers. Somatosensory
integration was believed to begin in the sensory end
organs of the hand, transmit to the thalamus, and
then move to layer four of the cerebral cortex where
neuron assemblies communicate through parallel
processing to other regions of the cortex (Bear et
al., 2006; Kandel et al., 2000). The primary
somatosensory cortex (S1) is subdivided into
smaller regions and today neuroscientists know that
area S1 is most responsive to somatosensory
sensation that is discrete and segregated (Hoffken et
al., 2007).

Types of Neuroplasticity

Different types of neuroplasticity have been
identified (Grafman, 2000; Grafman & Litvan,
1999; McCormack, Douglas, Pauley, Schultze, &
Volkers, 2009). Cross-modal plasticity is the
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adaptive reorganization of neuronal networks to
integrate the function of two or more sensory
systems. For example, in visually impaired
individuals, the somatosensory cortex is able to
recruit the neurons in the visual cortex to assist with
tactile sensation (Bavelier & Neville, 2002). In
addition to cross-modal plasticity, the brain is
capable of map expansion, which means the regions
of the cortex that are normally devoted to receiving
and processing sensory information enlarge and
recruit neighboring neurons to join the newly
formed cell assembles devoted to a new function
(Bavelier & Neville, 2002).

Another form of neuroplasticity is called
homologous area adaptation, which occurs during
the early critical period of development (Goh &
Park, 2009; Lane & Schaaf, 2010; Woodruff-Pak &
Hansen, 1995). If a particular region of the brain
becomes damaged in early life, its normal
operations have the ability to shift connections to
other brain areas to take over for the damaged area.
The function is often shifted to cell assemblies in
the matching, or homologous, area of the opposite
brain hemisphere (Nudo, 2007; Nudo & Millikin,
1996).

Yet, another form of neuroplasticity is called
compensatory masquerade, which can be described
as the brain rerouting or figuring out an alternative
strategy for carrying out a task when the initial skill
set is faulty due to trauma or dysfunction (Grafman
& Litvan, 1999; Hodzic, Veit, Karim, Erb, &
Godde, 2004). For example, a person who suffers
some form of brain trauma and impaired spatial

sense may resort to another strategy for spatial
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orientation and navigation. They may compensate
by memorizing landmarks or use a cell phone
application to find their way to a destination.

There is also negative neuroplasticity,
whereby new pathways emerge that create
undesirable sensations or perceptions, often as the
result of central nervous system trauma (Vance &
Wright, 2009). Chronic pain syndromes or
neuropathic pain are examples of negative
neuroplasticity (Baldry, 2005; Merighi, Salio,
Ferrini, & Lossi, 2011; Tinazzi et al., 2000; Tinazzi
etal., 1998).

Activity-dependent neuroplasticity is a
positive result of applying tactile stimulation to the
hands or the result of intentionally manipulating
objects. Take, for example, the process of basket
weaving. This is a high level skill that requires
intact sensation, good finger dexterity, and attention
to the detail of putting the reeds in the correct order.
Historically, the reconstruction aides used basket
weaving for “shell shocked” soldiers as a diversion
technique. Little did they know at the time, the
activity was stimulating neuroplastic changes in the
brain that had a calming effect on the nervous
system (Reed, 2001). In the past decade, the
evidence to support the use of somatosensory
stimulation as a significant form of intervention has
become less controversial in the rehabilitation
literature (Smith et al., 2009; Whitall et al., 2011;
Woodruff-Pak & Hanson, 1995; Xerri, Merzenich,
Peterson, & Jenkins, 1998).

Contributions of Imaging Studies
The evolution of imaging studies has

advanced the knowledge that somatosensory
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stimulation can improve rehabilitation outcomes
(Kerschke & Witas, 2013; Levin, 2006).
Neuroscience studies are beginning to unravel the
complexity of the somatosensory cortex and its
respective pathways through advanced imaging
techniques, such as functional magnetic resonance
imaging (fMRI) and diffusion tensor imaging
(DTI). AnfMRI is a non-invasive medical
procedure used to procure two-dimensional images
of the structures of the brain. An fMRI machine
uses a magnetic field and radio waves to create
detailed images of the body, whereas DTl is a
recently developed MRI technique that can measure
the movement of water molecules and the
macroscopic organization of the white matter to
display images. DTI provides greater image
resolution of white matter (pathways or tracts) and
is becoming widely available in clinical scanners
and in human clinical studies. In both imaging
methods—DTI and fMRI—the participant performs
a task while computed images depict the areas of
the brain that are requiring more oxygen uptake
(metabolism) and to which neural pathways in the
nervous system are transmitting the signals
(Caffarra, Ghetti, Concari, & Venneri, 2008; Mori
& Zhang, 2006).
Imaging the Visually Impaired and Musicians

It has been known for some time that the
visually impaired compensate by developing better
hearing, better odor detection, and exquisite tactile
discrimination (Bavelier & Neville, 2002; Pascual-
Leone & Torres, 1993). Studies on visually
impaired individuals learning tactile language

communication to read braille show robust
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activation of the occipital lobes, the post superior
temporal lobes, and the inferior frontal lobe areas
associated with language (Obretenova et al., 2010).
Cross-modal adaptation occurs in the visual cortex
independent of language when tactile stimulation is
applied to the right index finger (Burton et al.,
2004). In research on sighted individuals who were
blindfolded for 24 hours a day for 5 days while
learning to read braille, the visual cortex became
active and the cortex was expanded in the cortical
representation of their reading fingers (Bangert &
Schlaug, 2006; Obretenava et al., 2010). In fact, in
other studies it was found that when a visually
challenged person learns to read braille using the
index, middle, and ring fingers, there is so much
overlap in the receptor fields that, as a consequence,
the neuroplastic changes in the cortex cause the
sensation to become less localized. Therefore,
when investigators stimulate each finger for touch
localization, the person cannot discriminate between
which finger is being touched (Hodzic et al., 2004;
Medina and Branch Coslett, 2010; Recanzone,
Merzenich, & Dinse, 1992; Tinaazi et al., 2000).
Studies show that in the absence of processing
visual information, the occipital cortex is recruited
to process tactile information (Bavelier & Neville,
2002; Pascual-Leone, Amedi, Fregni, & Merabet,
2005; Pascual-Leone & Torres, 1993).
Furthermore, people who have both vision and
hearing loss have superior performance in tactile
verbal memory because they recruit neurons in the
dorsal visual stream, which is normally active in
spatial awareness and the perception of three-

dimensional objects (Bavelier & Neville, 2002;
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Pascual-Leone & Torres, 1993). In summary,
studies show that extensive use of the hands can
improve tactile perception in visually impaired
people.

Brain imaging studies on musicians show
that string players expand different regions of the
cortex more than keyboard players (Bangert &
Schlaug, 2006). Herdener and colleagues (2014)
found that Jazz drummers recruit neurons in
language-specific regions of the cortex, in addition
to the sensory-motor cortex, to process rhythmic
patterns unique to each song. The process of
learning to play an instrument early in life and into
old age is one way to stave off cognitive decline. In
fact, dexterous manual work leads to the acquisition
of tactile expertise, and this expertise may delay the
age effects on the decline in tactile perception
(Hoffken et al., 2007). In a study on the age-related
changes in the human hand, Bowden and McNulty
(2013) found that the hypothenar eminence is a
better site than the index finger for testing age-
related discrimination loss. Curiously, they also
found that skin moisturizers used on the hands
helped participants to better discriminate among
different sensory stimuli.

In general, there is a vast body of literature
on healthy aging that supports the concept of
maintaining an active lifestyle and learning new
manual skills, such as playing an instrument,
learning a craft, and using brain fitness computer
games that not only improve the use of the hands,
but also cognitive perceptual learning, such as speed
of visual processing and useful field of view
(Andrade & Radhakrishnan, 2009; Ball et al., 2002;

https://scholarworks.wmich.edu/ojot/vol2/iss4/7
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Calero & Navarro, 2007; Goh & Park, 2009;
Gunning-Dixon & Raz, 2003; Mahncke, Bronstone,
& Merzenich, 2006; Mahncke et al., 2006;
Vidovich, Lautenschlager, Flicker, Clare, &
Almeida, 2009; Wagner, Hassanein, & Head, 2010;
Wolinsky, Vander Weg, Howren, Jones, & Dotson,
2013; Zelinsky & Reyes, 2009). This area of
neuroplasticity goes beyond the scope of this article,
but supports the mind and body effects associated
with intentionally manipulating objects. According
to Rakoski and Ferguson (2013), the virtual context
plays an important role in computer games. In
addition, the process of performing mental
rehearsals before performing a manual task is
showing benefits for people who have had a
completed stroke (Butler & Page, 2006; Page,
Murray, Herman, & Levine, 2011).
Influences of Neurogenesis

Research has shown that new neurons are
being developed in the brain throughout life; a
concept called neurogenesis (Riddle &
Lichtenwalner, 2007). The most common regions
of the brain associated with neurogenesis are the
olfactory bulbs, the hippocampus (dentate nucleus),
the lateral ventricular zone, and the caudate nucleus
(Gould, Reeves, Graziano, & Gross, 1999; Riddle &
Lichtenwalner, 2007; Tashiro, Makino, & Gage,
2007). Although new neurons are being produced
all of the time, many of the new neurons expire if
they are not used or integrated. For instance, the
progenitor cells in the hippocampus are integrated
through active learning. This suggests that active
learning by doing is an important factor in

preventing cognitive decline in the older adult
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population (Hodzic et al., 2004; Medina & Branch
Coslett, 2010).

The use of olfactory stimulation can also
cause states of arousal or inhibition, depending on
the odor and on how it is used. Olfactory
stimulation can trigger memory or promote
learning. In addition, the uses of occupations have
been shown to influence neuroplastic changes in the
lateral ventricular zone and the caudate nucleus.
Imaging studies on the caudate nucleus are related
to neuroplastic changes in behavioral studies on
obsessive-compulsive disorder (Schwartz & Begley,
2003).

Somatosensory Interactions

Much of the early OT somatosensory
intervention protocols were based on principles of
evolution and the developmental concepts of the
nervous system that emerged decades ago. The
early neurodevelopmental theorists believed that the
brain had some capacity for change through
experience, but the scientific evidence was lacking
(Mathiowetz, 2011; Rao, 2011). Based on the
current evidence, the regions of the cortex
associated with the hand and fingers have the
capacity to reorganize through the mechanisms
discussed earlier (cross-modal reassignment, map
expansion, homologous area adaptation, and
compensatory masquerade) and, more importantly,
through activity-dependent neuroplasticity.

Recently, Bogdanov, Smith, and Frey (2012)
used imaging studies to demonstrate that hand
amputation induces substantial reorganization of the
primary sensory cortex (S1), and the effects of

deafferentation increase with time. However, these
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changes are reversible during representation of an
allogeneic transplanted hand and when the
fingertips are stimulated to recapture the pre-
amputation S1 hand cortical map territory. In
another study, McGeoch and Ramachandran (2012)
proposed that the somatosensory cortex and the
primary motor cortex are not entirely distinct
entities but influence the neuronal activity of each
other. For example, if the left hand is amputated
and the right hand is actively engaged in
manipulating objects, there is increased activity of
the somatosensory cortex of both cerebral
hemispheres. Therefore, active engagement of the
intact hand stimulates the territory associated with
the amputated hand (Ramachandran, 2005;
Ramachandran & Hirstein, 1998; Ramachandran &
Rogers-Ramachandran, 1996).

Area 2 of the primary somatosensory cortex
is responsive to the sizes and shapes of objects
(stereognosis). Area 3a responds to conscious
proprioception (position sense) and area 3b
transmits the sensation of textures (Bear et al.,
2006; Kaas & Florence, 2001). In the sensory-
motor strip or homunculus, the hands, lips, and
tongue are overrepresented in terms of cortical real
estate relative to their skin area on the body
(Bogdanov et al., 2012). This over representation is
called cortical magnification and is a reflection of
extremely dense peripheral innervation. Most of the
hand’s cortical representations are occupied by the
fingertips, where innervation density is the highest.
Therefore, the fingertips, lips, and tongue are
excellent areas for sensory stimulation. Current

research is showing that there is much more overlap
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of the neurons representing the hands and face than
previously understood (Hlustik et al., 2001; Qishi et
al, 2003). Imaging studies by Komisaruk et al.
(2011) discovered that there are gender differences
in the circuitry of the somatosensory cortex and
distinct connections to organs of reproduction.
Concept of Parallel Processing

New research suggests that stimulation of
the hands produces parallel processing, which
means the signals from the thalamus are transmitted
simultaneously to layer 4 and also to deeper layers
of the cortex that seem to connect with more
survival functions, such as states of arousal (Bruno
& Sakmann, 2006; Bruno & Simons, 2002;
Constaninople & Bruno, 2013). This has clinical
implications because learning is improved with
attention. Studies on the pathways between the
thalamus and cortex (Thalomocortical Pathways)
show that attention to the task during the
performance of the activity facilitates the expansion
of cortical maps (Nicolelis, 1995; Shipp, 2004).

The surfaces of the hands have physiological
influences on body function and structures (client
factors). For example, when heat is released
through the hands, it helps to cool the body during
aerobic exercise (Grahn, Cao, & Heller, 2005). The
receptor fields on the hands are influenced by
inhibitory neurons during the process of touching
objects of different textures. More important,
somatosensory stimulation, which includes
participation in functional manual activities, has
implications for alleviating pain, relieving
psychological stress, and bolstering the immune
system (Gillen, 2011; Hussain, 2010).

https://scholarworks.wmich.edu/ojot/vol2/iss4/7
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In experimental studies, when the hands are
wrapped and taped to prevent movement and the
manipulation of objects, regions of the cortex
associated with the hands undergo changes in
cortical excitation and representation in a few hours
(Kaneko, Murakami, Onari, Kurumadani, &
Kawaguchi, 2003; Medina & Branch Coslett, 2010).
This raises the concern about using static splinting
with persons who have had a stroke. Obviously, the
intent of using a resting splint is to prevent
deformity in a paralyzed extremity. However, the
immobilization may affect the rate of potential
recovery. The dynamic splints, which promote
movement, appear to be better in preliminary
investigations

(http://www.otshow.com/?filename=saboflex-lends-

a-hand-to-stoke-patients).

Implications for Practice

It is important for OT practitioners to
recognize that when the hands are engaged in
meaningful and functional tasks, the brain can re-
route signals that form new neural connections that
are directly related to mechanisms of neuroplasticity
of the somatosensory cortex (Kaas, 1991;
Marangon, Jacobs, & Frey, 2011; Martin, Jacobs, &
Frey, 2011; Xerri et al., 1998). No doubt,
individuals with neurologic hand/arm weakness
have difficulty performing everyday activities, and
this becomes a major focus for occupational
therapists working in post-stroke acute
rehabilitation. Studies are mounting to generate
support for the premise that the hands can influence
recovery from neurological lesions. At the Frey

Lab at the University of Missouri, studies are
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underway to demonstrate that neuroplasticity occurs
in the precentral and postcentral gyrus of the
cerebral cortex in conjunction with applied
stimulation and/or intentional manipulation of
objects when performing a functional task (Shigaki,
2013). Therefore, bilateral activities that engage
both hands have a co-activation effect on both
hemispheres (Dimou, Biggs, Tonkin, Hickie, &
Lagopoulos, 2013).

Ten years ago, the concept of neuroplasticity
was not well supported in the neuroscience
literature. Today, the concept of “activity-
dependent neuroplasticity,” the nervous system’s
capacity to change structurally and functionally in
response to somatosensory input, has become
widely accepted (Fong et al., 2005; Goh & Park,
2009; McCormack et al., 2009). Occupational
therapists are interested in systematic investigations
involving hand function and functional outcomes of
sensory stimulation to treat conditions of
dysfunction (Atchison & Dirette, 2007; Gillen,
2011; Hinojosa, Kramer, & Crist, 2005; Stein, Rice,
& Cutler, 2013). Current neuroscience imaging
studies are beginning to reveal how the brain
processes information while manipulating in real
time (Frey & Povinelli, 2012; Philip & Frey, 2013).
Other studies have shown that cortical
reorganization or neuroplasticity takes place even
when the extremities are amputated or when
peripheral nerves are severely damaged (Hlustik et
al., 2001; Kaas, 2004a, 2004b, 2004c, 2005;
Merzenich & Jenkins, 1993; Merzenich et al. 1983;
Merzenich et al., 1984; Merzenich et al. 1996;
Nudo, 2007; Rhamachandran & Hirstein, 1998).
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Current neuroscience evidence suggests that the
combination of conscious intent—the willful act of
performing a motor act—facilitates a cascade of
neurochemical and neurophysiological events that
“set the stage” for better motor performance and
health outcomes (Butler & Page, 2006; Nilsen,
Gillen, DiRusso, & Gordon, 2012; Page et al.,
2011). The recognition of mental rehearsals and the
motivation that goes into performing a manual task
suggests the presence of a “top down” mechanism
that is important to the process of habilitation and
rehabilitation. Furthermore, there also appears to be
a “bottom up” process, which involves the
application of somatosensory stimulation to the
hand while manipulating objects, which contributes
to activity-dependent neuroplasticity in the
somatosensory cortex. In short, when the client is
provided with manual activities, the region of the
cortex that is associated with that manual activity
shows enhanced enlargement and function on
imaging studies, if performed with regularity
(Caffarra et al., 2008; Levin, 2006; Mahncke,
Bronstone, et al., 2006; Mahncke, Conner, et al.,
2006; Nudo, 2007; Recanzone, Merzenich, &
Jenkins, 1992; Tashiro, Makina, & Gage, 2007,
Tinaazi et al., 2000; Zelinski & Reyes, 2009).
Historically, in OT there has been
controversy about the efficacy of somatosensory
stimulation as an intervention for both children and
adults (Lane & Schaaf, 2010). Somatosensory
stimulation may be defined as specific forms of
manual manipulations of the soft tissues of the
body. Although older adults are more likely to

experience some natural decline of sensation in
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their fingertips, the hands remain excellent targets
for applying somatosensory stimulation (Helme &
Gibson, 1999). The practice of manual therapy has
been limited in OT academic programs and is
regulated by different state professional licensure
bills (McCormack, 1993; Reed, 2001). In addition,
many neurological structures and systems are
influenced by the activity of the hands. The
organization of the somatosensory cortex,
particularly in respect to the hand, is vastly
integrated into both sensory and motor systems
(Hlustik et al., 2001; Johnson & Soucacos, 2012;
Kaas, 2004; Nudo & Milliken, 1996; Whitall et al.,
2011). The synaptic connections between neurons
in the cortex are changing all of the time, which
means the brain is very malleable. This is
particularly apparent in the boundaries of the
postcentral gyrus or the somatosensory cortex in
response to stimulation of the hand (Kaas, 2004;
Marangon et al., 2011; Merzenich et al., 1996;
Whitall et al., 2011). In addition, the pathways
between the thalamus and the cortex are extremely
neuroplastic (Bruno & Simons, 2002) and have
been shown to undergo considerable reorganization
after peripheral sensation is lost in the hand
(Ramachandran & Hirstein, 1998).

Somatosensory stimulation can be applied
with a small vibrator systematically along the lateral
surfaces of the fingers where Merkel disc and
Pacinian corpuscles are abundant (see Figure 1).
Firm pressure to the hand has been shown to be
effective in reducing levels of anxiety using both
psychological and physiological measures (Andrade
& Clifford, 2008; Cox & Hayes, 1999; Field et al.,

https://scholarworks.wmich.edu/ojot/vol2/iss4/7
DOI: 10.15453/2168-6408.1141

1996; Harris & Richards, 2010; Hattan et al., 2002).

Although the autonomic pathways in the hand have
not been fully studied, sensory stimulation to
specific areas of the hands has been reported to
have effects on specific organ systems, such as
renal blood flow (Sudmeier et al., 1999), symptoms
of menopause (Williamson, White, Hart, & Ernst,
2002), intestinal activity (Bonder et al., 2001), and
increases in blood flow and neuronal activity in the
brain (Cho et al., 1998; Cho, Oleson, Alimi, &
Niemtzow, 2002). In respect to therapeutic use of
self, hand stimulation has been shown to encourage
face-to-face eye contact and better communication
(Harris & Richards, 2010; Kim, Cho, Woo, & Kim,
2001).

Figure 1. Protocol for hand somatosensory
stimulation. Shows sequential stimulation on points
for the hand for the direction of vibratory stimuli
and areas that are sequentially numbered for firm
pressure stimulation to the hand.
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The concept of a holistic relationship
between the mind and body has been the
cornerstone of OT practice. Adolf Meyer and
William Rush Dunton originally described the
mind/body relationship in the early OT literature on
moral treatment and the value of occupation
(Kielhofner, 2009). The reductionistic view that the
brain acts as a separate entity from the body comes
from Descartes’ concept of Dualism (Rosemond,
2002). The Affordable Care Act (ACA; Pub.L.
111-148) is partial to health and wellness
approaches. The ACA is beginning to change
health care delivery significantly and occupational
therapists are engaging in primary care practices
that promote healthy life styles, prevention,
habilitation, and mental health (Persch, Braveman,
& Metzler, 2013). Neuroscience has informed us
that the brain is not entirely “hard wired” to the
body (Merighi et al., 2011). Using the
somatosensory stimulation and the mind/body
paradigm supports the notion that working with the
hands to perform functional activities can have a
direct influence on the brain, emotions, and immune
functions.

Summary

Neuroscience has revealed that the hand has
vast connections to the cerebral cortex. Depending
on how the hand is stimulated or engaged in
occupations, the connectivity between the hand and
brain are in a constant state of flux. This evidence
supports the importance of manual activities in OT
practice. For example, treatment plans should
include some form of manual manipulation of three-

dimensional objects to facilitate the strength of the
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pathways between the hand and brain. Although
there is an emphasis on functional outcomes for
documentation and reimbursement, the practitioner
should apply task analysis methodology to break
down the activity into the anatomical, physiological,
and psychological benefits of performing the task.
Although OT was conceived to be occupation-
based, state and federal guidelines for
reimbursement are designed to be quantifiable and
do not encourage the use of therapeutic media in
rehabilitation environments. However, if the
occupational therapist takes the time to explain the
rationale for the manual activity and references
neuroscience research to support the claim, most
insurance reviewers will see the value of the activity
and allow the use of therapeutic media. In addition,
the practitioner should also elicit “buy in” from the
family members who are most intimately involved
in the caregiver role. If, for example, the
occupational therapist suggests that the client make
objects out of clay or a similar media, some mutual
goals can be set before the next visit. If the client
and caregiver are in agreement with the activity, the
therapist can then grade up the intensity or grade
down the activity at the next visit or treatment
session. Many times, the most successful outcomes
in rehabilitation are the result of a team approach.
Conclusion

This article has used neuroscience evidence
to support the premise that somatosensory
stimulation of the hand promotes activity-dependent
neuroplastic changes in regions of the
somatosensory cortex. There is considerable

evidence that engaging the hands in different
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manipulative functions influences cell assemblies
and the connectivity of the brain. Studies show that
functional neuroplastic changes best occur when
there is a higher degree of attention and motivation
during the manual activity. Neuroplasticity
continues on into adulthood and is a core principle
of brain function and demonstrates that the nervous
system can be altered and modified as an adaptive
response to functional demand (Doidge, 2007).
Neuroscience also suggests that repetition is another
important element of neuroplasticity. Extended
practice training is for training memory abilities
related to attention and sensory discrimination (Bly
et al., 2003; Zelinski & Reyes, 2009). However, too
much repetition can lead to boredom and will
decrease motivation. The task-oriented approach
advocated by Gillen (2011) is based on functional
skill training rather than achieving some isolated
motor response. The OT practitioner should feel
confident that promoting repetition of similar

movements to accomplish tasks is consistent with

https://scholarworks.wmich.edu/ojot/vol2/iss4/7
DOI: 10.15453/2168-6408.1141

the literature (Kerschke & Witas, 2013; Vance &
Wright, 2009).

The intensity of somatosensory stimulation
is another important factor in neuroplasticity
(Hayner, Gibson, & Giles, 2010). As the client
achieves competency, the practitioner should step
up the level of difficulty (Martin et al., 2011;
McCormack et al., 2009; Smith et al., 2009;
Vidovich et al., 2009; Wagner et al., 2010; Willis et
al., 2006; Zelnski & Reyes, 2009). The goal in any
functional activity must be achievable; this is where
the concept of the “just right challenge” comes in,
so the task poses just enough demand for effort (Bly
et al., 2003; Dustman & White, 2006; Levin, 2006).
The neuroscience evidence is clear; it does not seem
to matter if a client is working with therapeutic
media (crafts) or performing an activity of daily
living; it is the combination of mental engagement
and the somatosensory stimulation derived from the
manipulation of objects with the hands that can

indeed influence the state of one’s own health.
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