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activated glomeruli, (ii) the spatial combination of active
neurons, (iii) the slow temporal sequence of activity
patterns imposed by sampling-related process, (iv) the
rapid synchronization of neuronal subpopulations rela-
tive to the network oscillatory regime. Therefore coding
in the olfactory system is not a static phenomenon but a
dynamical process with different temporal components,
each of themprobably readout by an adaptedmechanism.
This spatio-temporal representation is moreover dyna-
mically reorganized by experience.

Sampling related process and odor characteristics
impose the slow temporal dynamics, while intrinsic
network dynamics established the fast LFP oscillatory
regimes. Thus both dynamics are generated by sys-
tem functioning. Dynamical representation of odors
can nevertheless stand for a code provided that the
neural network uses these temporal clues as a
computational variable for coding. Firstly, the slow
respiration-related rhythm could subserve a filtering
function whereby neuronal responses could be selected
on the basis of their respiratory phase. Such a functional
phase-coding relative to theta cycle (i.e. related to
respiratory frequency) has been evidenced in hippo-
campus place cells [10]. Secondly, the fast network
oscillations probably intervene in a second step by
refining the pattern of activated neurons through a
synchronization binding process. This coding principle
is better understood in other systems [10]. In such
conditions, temporal dynamics, although epipheno-
menal, are used by the system and thus may be
considered as supporting temporal coding. The ulti-
mate evidence would be provided in mammals
if behavioral experiments could show changes in
behavior in relation with a modification of the bulbo-
cortical dynamics.
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Synonyms
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Definition
Confronted with a variable environment, organisms are
faced with the task of extracting information to guide
their behavior. A massive amount of raw information
is encoded by the peripheral nervous system, which is
then winnowed down, processed, and analyzed by the
central nervous system in order to obtain behaviorally-
relevant information. Time is an inherent element of
neural coding. The timing of neural activity reflects the
timing of stimuli responsible for that activity, and thereby
informs the organism of the stimulus time of occurrence.
An organism’s accuracy in determining when something
occurred is thereby limited by the degree of temporal
precision achieved by its nervous system.

The nervous system can also use time to encode
information beyond the stimulus time of occurrence.
For instance, barn owls compare the arrival times of
sounds at the two ears to determine the horizontal
location of sound sources in space, bats use the delay
between their echolocation calls and returning echoes to
determine the distance to a target, and many organisms
use precise temporal patterns to convey information in
their communication signals. Neuroethological studies
of the underlying neural mechanisms for such behaviors
have revealed a great deal about the specializations
that nervous systems have evolved for preserving
and representing temporal information. Time plays an
especially critical role in electroreception, perhaps more
so than for any other sensory system. Weakly electric
fish have therefore served as important model systems
for studying the neural basis of accurate and precise
▶temporal coding.
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Characteristics
Quantitative Description
Weakly electric fish possess an electromotor system
that generates weak ▶electric organ discharges, or
▶EODs, from a specialized electric organ, as well as
an electrosensory system for receiving and analyzing
these EODs. Unlike acoustic signals that propagate as
traveling pressure waves, electric signals exist as non-
propagating electrostatic fields [1]. This is a behav-
iorally significant, distinguishing feature of electric
signals. The temporal structure of acoustic signals is
distorted by factors such as reflection, refraction,
absorption, dispersion, and reverberation. This has the
effect of smearing the fine temporal structure of the
signal, limiting the amount of information that may
be transmitted using temporal features. By contrast,
electric fields are not subject to these sources of
distortion. As a result, the fine temporal structure of
electric signals is preserved, and information may be
encoded at very minute time scales [1]. For this reason,
weakly electric fish are exquisitely sensitive to temporal
features of electric signals, with sensitivity in some
species extending to the submicrosecond range [2].

Higher Level Structures
Although the available evidence indicates that electro-
sensory systems have independently evolved multiple
times, the electrosensory pathways of weakly electric
fish share a common overall design [3]. Electric signals
are first received by specialized electroreceptors located
in the skin and distributed throughout the body [4].
Primary afferent fibers, located in the lateral line nerves,
transmit electroreceptor input to the hindbrain, where
they terminate in a derived brain region termed the
▶electrosensory lateral line lobe (ELL). The first steps
in electrosensory processing occur within the ELL,
where primary afferent input, feedback loops from
higher electrosensory regions, and descending input
from other modalities and motor pathways converge
[3]. ELL neurons project primarily to two distinct
areas, the preeminential nucleus between the hind-
brain and the midbrain, and the ▶torus semicircularis
in the midbrain [3]. The preeminential nucleus gives
rise to a prominent ELL feedback pathway. In the
torus semicircularis, additional electrosensory proces-
sing occurs. Studies on temporal coding and processing
in electrosensory pathways have focused on the preser-
vation of timing by primary afferents and ELL neurons,
and on the extraction of information, by comparing
differences in timing between different inputs within
specialized circuits in the ELL and torus semicircularis.

Lower Level Components
Electroreceptor Organs
In weakly electric fish, the encoding of sensory
information within the EOD is achieved by tuberous
▶electroreceptor organs, which give rise to two
distinct types of afferents: amplitude coders and time
coders [4]. Amplitude-coding afferents encode the
amplitude of EODs in their firing rate, relative latency
to the first action potential, or number of action poten-
tials. Time-coding afferents are much more sensitive
than amplitude-coding afferents. In response to each
outside positive-going voltage step, they fire a single
action potential at a short fixed latency, thereby provid-
ing a precise marker of the EOD time of occurrence.

Specialized Features of Time-Coding Circuitry
The electrosensory pathways of weakly electric fish are
characterized by several unique anatomical specializa-
tions, which have been associated with neural circuits
in which action potential timing precision is of the
utmost importance [5]. The neurons are relatively large,
which increases input resistance, thereby rendering the
neurons less sensitive to synaptic noise. These large
neurons are typically spherical and adendritic, which
minimizes differences in the arrival times of multiple
synaptic inputs, and shortens the distance between
synapses and the action potential initiation zone of the
axon, thereby minimizing the attenuation of synaptic
current. The axons are correspondingly large and
heavilymyelinated, which increases conduction velocity,
thereby minimizing the effect of jitter on the timing
of spike arrival at the synaptic terminal. These axons
give rise to large club endings that engulf a large portion
of the postsynaptic soma. This large size ensures
sufficient synaptic current for overcoming the high input
resistance of the postsynaptic cell. In addition, these
synapses are often mixed chemical/electrical, which
helps ensure rapid activation of the postsynaptic cell.

Higher Level Processes
Species Recognition in Pulse-Type Mormyrids
In mormyrid electric fish from Africa, electric com-

munication appears to be mediated exclusively by
time-coding electroreceptors called▶knollenorgans [6].
Knollenorgans are much more sensitive than other
tuberous electroreceptor organs, making them well-
suited to detecting the EODs of distant conspecifics.
Perhaps the strongest evidence for their privileged role
in communication comes from the fact that every time a
fish generates its own EOD, knollenorgan input is
blocked by inhibition at the projection site of primary
afferents in the nucleus of the electrosensory lateral
line lobe (nELL). This inhibitory input comes from
an electric organ corollary discharge pathway, which
originates in the command center for EOD production,
and provides a precise reference of EOD timing. As a
result, activity caused by the fish’s own EOD production
never reaches higher processing centers in the midbrain.
Mormyrids generate a pulse-type EOD, in which the

duration of a single EOD pulse is much shorter than
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Figure 1 Temporal coding by knollenorgan
electroreceptors in mormyrids. (a) Current flow through a
fish’s body resulting from EOD production by another
fish. One side of the body is outside positive/inside
negative, while the other half is outside negative/inside
positive, meaning that the EODs detected across the two
skin surfaces are of opposite polarities. (b) By
stimulating a single knollenorgan with both normal and
reversed polarity currents, one can emulate the
response of knollenorgans located on opposite sides of
the body. Action potentials occur on stimulus onset
under normal polarity (black), while they occur on
stimulus offset under reversed polarity (red). In a natural
situation, the difference in action potential times would
occur between different knollenorgans, which could then
be compared to determine the stimulus duration.
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the interval between pulses [7]. The EOD waveform is
highly stereotyped and conveys several aspects of the
sender’s identity, such as its species, sex, dominance,
and possibly even its individual identity. The total
duration of the EOD is a particularly salient variable
across species, ranging from as little as 100 μs to over
10 ms, and it may also exhibit sex- and status-related
differences, with dominant males having a longer
EOD than females [7]. Early playback studies in the
field have demonstrated that this temporal variation
plays an important role in electrocommunication [6].
Specifically, the relative timing of positive and negative
voltage transients in the EOD plays a critical role in
sender recognition.

Knollenorgans are able to faithfully encode the
timing of these transients. The EOD of a neighboring
fish will cause current to flow into one half of the body
surface and out the other, meaning that knollenorgans
on these two surfaces will be exposed to opposite
stimulus polarities (Fig. 1a).

As knollenorgans only respond to positive-going
voltage steps, those located where current is entering
the skin respond to the EOD onset, while those located
where current is exiting the skin respond to the EOD
offset (Fig. 1b). Thus, by comparing spike times from
opposite sides of the body, a mormyrid can determine
the duration of the EOD waveform [6]. A similar
mechanism for waveform discrimination in wave-type
electric fish has also been proposed [8].

The Jamming Avoidance Response in Wave-Type Species
In contrast to pulse-type electric fish, wave-type species
generate an EOD in which the duration of each pulse is
approximately equal to the intervals between pulses,
resulting in a continuous, quasi-sinusoidal waveform.
When an object enters the electric field, it causes
modulations in the EOD that are used by the fish to
extract information about the object, a process called
▶active electrolocation (Fig. 2a).

However, when fish encounter another individual
with a similar EOD frequency, they experience mutual
jamming of their electrolocation systems (Fig. 2b). To
avoid this jamming, the fish shift their EOD frequencies
away from each other, a behavior termed the▶jamming
avoidance response (JAR) [2].

Properly executing the JAR requires that a fish
determine whether it has a higher or lower EOD
frequency than its neighbor. Extensive studies in a
gymnotiform fish, Eigenmannia, and a mormyriform
fish, Gymnarchus, have revealed a common algorithm
for making this distinction [2]. The combination of two
EODs leads to sinusoidal modulations in amplitude and
phase (timing), at a frequency equal to the frequency
difference between the two EODs (Fig. 2c). However,
the temporal relation between amplitude and phase
modulation is reversed, depending on whether the fish
has a higher or lower EOD frequency than its neighbor
(Fig. 2d). Thus, by comparing these two features, the
fish can make the correct decision to either increase or
decrease its EOD frequency [2]. However, detecting
phase modulation requires that the fish have a timing
reference. As the fish’s own EOD and its neighbors
EOD have different spatial distributions, different
portions of the body surface are subject to different
depths of modulation (Fig. 2d). Thus, the fish can
extract phase information by comparing inputs from
time-coding afferents on two different regions of the
body surface, one that is strongly modulated with one
that is weakly modulated (Fig. 3).



Temporal Coding in Electroreception. Figure 2 (a) In active electrolocation, the electric field of a weakly electric
fish (shown as isopotential lines in red) is distorted by the presence of an object (shown in blue). (b) The electric field
(red) may also be distorted by the EOD of another individual (blue). (c) To avoid jamming of active electrolocation
systems by another individual with a similar EOD frequency, the fish performs the JAR, which relies on comparing
modulations in amplitude and phase that result from combining the two EODs. (d) Two different body surfaces are
subjected to stronger (a) and weaker (b) interference from a neighbor’s EOD, which results in different depths of
modulation. The temporal relationship between amplitude and the phase of “body surface a” relative to “body surface
b” is reversed when switching the sign of Df, which results in a different sense of rotation in a Lissajous graph.
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A different algorithm for the JAR, one which relies
on temporal asymmetries in the natural EOD waveform
that are encoded exclusively by time-coding afferents,
has also been proposed [8].

Mechanisms of Temporal ▶Feature Extraction
The previous sections dealt with the problem of neural
encoding, or how precise temporal information can be
represented by the timing of action potentials in sensory
neurons. We now turn to the problem of how these
action potential trains may be used to extract informa-
tion about specific stimulus features; in this case, how
precise spike times may be compared to extract
information about timing differences. Although similar
adaptations are in place for preserving timing informa-
tion in the early stages of sensory processing, these
temporal comparisons are achieved by quite different
mechanisms in different species.
In mormyrids, the nELL neurons relay phase-locked

knollenorgan input to the torus semicircularis, where
their axons terminate in a region called the anterior
exterolateral nucleus (ELa). Within ELa, there are two
distinct types of neurons, large cells and small cells,
both of which receive excitatory input from nELL
axons (Fig. 4a). Upon entering ELa, the nELL axons
immediately terminate onto one or two large cells, and



Temporal Coding in Electroreception. Figure 3 Time-coding afferent activity in the wave-type fish Gymnarchus.
The top traces show action potentials recorded from a single afferent (multiple sweeps are superimposed), while
the bottom traces show the stimuli that elicited these responses. The black traces show the response to an
unmodulated sine wave, while the red traces show the response to a sine wave advanced in time. The action potential
times precisely follow the stimulus cycle. In a natural situation, the difference in action potential times would
occur between afferents at different body surfaces that are exposed to different depths of phase modulation. The
action potential times could then be compared to extract information about timing differences.

Temporal Coding inElectroreception. Figure 4 Circuits
for making temporal comparisons in weakly electric fish.
Neurons known or thought to be inhibitory are shown
in red. Based on physiological recordings, neurons that
are known to be sensitive to temporal disparities between
different body surfaces are shown in blue. The dashed
lines from the left represent incoming primary sensory
afferents, while the arrows pointing to the right represent
axonal projections to other regions. (a) Knollenorgan
pathway in mormyrids. (b) Time-coding pathway in
Eigenmannia. (c) Time-coding pathway in Gymnarchus.
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then wind their way throughout the nucleus, twisting
and turning over distances of 3–4 mm before branch-
ing and terminating onto a large number of small
cells [9]. The large cells project exclusively within
ELa, terminating on small cells with large inhibitory
synapses [9]. Thus, the small cells receive phase-locked
input from two different sources: excitatory input from
nELL axons responding to EOD onset from one part of
the body, and inhibitory input from ELa large cells
responding to EOD offset from another part of the body
(Fig. 4a).

As the excitatory input is delayed by the time it takes
an action potential to propagate down the long, winding
path of the nELL axon, a given small cell will only
respond to EODs longer than a certain duration, such
that the delayed, excitatory response to EOD onset
arrives before the inhibitory response to EOD offset [9].

In Eigenmannia, temporal comparisons are also
made in the torus semicircularis. Large spherical cells
within the ELL relay phase-locked afferent input to
both giant cells and small cells within the torus in a
somatotopic fashion (Fig. 4b). The giant cells then
project widely across this somatotopic map onto several
small cells, which therefore receive timing information
from different portions of the body surface and are
sensitive to temporal disparities between those surfaces
[2,3]. The giant cells synapse directly onto the soma of
the small cells, while the spherical cells synapse on the
small cell dendrites, thereby delaying the arrival of
the signal at the soma due to the passive propagation
of synaptic current along the dendrite (Fig. 4b).

In Gymnarchus, temporal comparisons occur within
the ELL rather than the torus. Nevertheless, the
underlying circuitry for time disparity detection shares
several similarities with the circuits in mormyrids
and Eigenmannia [10]. Time-coding primary afferents
synapse onto the dendrites of small ovoidal cells in the
ELL and also project to giant cells within the ELL
(Fig. 4c). The giant cells, in turn, project to the soma
of ovoidal cells. The ovoidal cells thereby receive
convergent timing input from different body surfaces
[10]. Although physiological recordings from ovoidal
cells have not yet been made, their dendrites make
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dendro-dendritic connections with nearby pyramidal
cells [10], which are remarkably sensitive to temporal
disparities between different body surfaces [2]. This
sensitivity appears to be due, at least in part, to
a complex adaptation mechanism, and preliminary
evidence suggests that inhibition may play a role at
the ovoidal cell-pyramidal cell synapse.

Despite the differences among these neural circuits,
certain generalizations can be made (Fig. 4). In each
pathway, there is an obvious shift in size from large,
spherical neurons that are involved in preserving and
relaying timing information, to small neurons that make
the actual timing comparisons between different inputs.
Once the temporal comparison is made, spike times do
not need to be as precise, because the presence or
absence of some stimulus feature (a particular timing
difference) may now be represented by the overall level
of neural activity (firing rate). Thus, there is no need for
the neurons to be so large at the point of comparison.
Furthermore, it may be that the small size of the
comparator neurons reduces the attenuation of rapid
synaptic currents by minimizing membrane capacitance.
Although employing different mechanisms, delaying
the arrival of spikes from one input to the comparator
neuron seems to be another general feature. By adjusting
this neural delay, the circuit can determine the stimulus
delay that will result in a simultaneous arrival of inputs
from different sources. If both inputs are excitatory, this
particular delay will elicit the strongest response. If one
input is inhibitory, then this particular delay will elicit the
weakest response. Either way, the comparator neuron is
tuned to differences in the arrival times of different inputs.

Function
It is clear that knowledge of precise stimulus timing
can be used to obtain a wealth of information from the
environment. The three examples discussed come from
organisms with disparate evolutionary histories that use
timing information for different purposes. Nevertheless,
there are strong similarities between their temporal
coding pathways, suggesting that the unique features
of these pathways represent specialized adaptations.
Although the examples discussed in this chapter come
from an eclectic group of organisms for which time
holds special significance, the unique features of their
time coding pathways are also found in other tem-
poral coding systems [5]. This finding underscores the
fact that basic principles in neuroscience may best
be realized through a comparative, neuroethological
approach to neural structure and function.
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Temporal Coding in Sensation
Definition
The process by which nervous systems encode the
precise timing of stimulus events.
Temporal Integration
in Photoreceptors
Definition
A term referring to the photoreceptor’s ability to sum
individual photons over time. The period of integration
often determines the temporal resolution a photorecep-
tor. Photoreceptors with short integration time, such as
cones, are well adapted to detect rapid changes in the
images, while those with longer integration time, such
as rods, are well suited for low light vision.

▶Photoreceptor


	T
	T Cells
	Definition

	T Helper 1 & T Helper 2 Phenotype
	Definition

	L-T
	Tabes Dorsalis
	Definition

	Tachycardia
	Definition

	Tachykinins
	Definition

	Tactile Acuity
	Definition

	Tactile Afferents
	Tactile Apraxia
	Definition

	Tactile Attention
	Definition
	Characteristics
	Quantitative Description
	Description of the Process
	Spatial Attention
	Cross-Modal Attention
	Orienting

	Higher Level Processes
	Single Unit Recordings in Monkeys
	Recordings in Humans (Imaging and Evoked Potentials)
	Lower Level Processes

	Function
	Pathology

	References

	Tactile C Fibers
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Higher Order Processes
	Process Regulation
	Function
	Pathology

	References

	Tactile Detection Threshold
	Definition

	Tactile Discrimination Threshold
	Definition

	Tactile Extinction
	Definition

	Tactile Form Discrimination
	Definition

	Tactile Lamellar Corpuscle
	Tactile Paralysis
	Definition

	Tactile Sensation in Oral Region
	Synonyms
	Definition
	Characteristics
	Psychophysical Approaches
	Behavioral Approaches

	Description of the Condition
	Regional Variations in Tactile Detection Sensitivity(Fig.1a)
	Dental Tactile Detection Sensitivity
	Regional Variations in Tactile Discrimination Capacity (Fig. 1b)
	Anatomical Variation in the Innervation of the Oral Tissues
	Low-Threshold Mechanoreceptors in the Lips and Oral Mucosa
	Low-Threshold Mechanoreceptors in the Periodontal Ligaments

	Higher Level Structures and Processes
	Regulation of the Process
	Function
	Low-Threshold Mechanoreceptors in the Face and�Oral�Mucosa
	Low-Threshold Periodontal Mechanoreceptors

	Pathology
	Effects of Loss of Mechanoreceptive Input
	Dental Implants and Osseoperception


	References

	Tactile Senses – Touch
	Introduction
	Cutaneous Mechanoreceptors, their Anatomical Characteristics
	Mechanosensory Transduction
	Processing of Tactile Stimuli
	Cutaneous Mechanoreceptors, Functional Behavior
	Tactile C Fibers
	Vibration Sense
	Aging of Tactile Sense
	Tactile Sensation in Oral Region
	Somatosensory Projections to the Central Nervous System
	The Somatosensory Cortex I (SI)
	The Somatosensory Cortex II (SII)
	Somatosensory Cortex, Plasticity
	Barrel Cortex
	Haptics
	Active Touch
	Tactile Attention

	Tactile (Touch) Receptors
	Tactile Vocoder
	Definition

	Tail Currents
	Definition

	Tailor's Cramp
	Definition

	Tangential Migration
	Definition

	Tangle
	Definition

	Tanycyte
	Definition

	Tanycytes
	Definition

	Tardive Dyskinesia
	Definition

	Target Organ (Autonomic)
	Definition

	Target Selection in Axon Growth
	Definition

	Target Specificity
	Target Step Saccade Task
	Definition

	Targeting Endothelial Dysfunction Through Treatment of Erectile Dysfunction: Current Pharmacological Treatment and Mechanism o
	Definition
	Characteristics
	Pathogenesis
	Current Pharmacological Therapy
	Life Style Changes

	Androgen Replacement Therapy
	Mechanism of Action
	Side Effects

	Selective Type 5 Phosphodiesterase Inhibitors
	Mechanism of Action
	Side Effects

	Conclusion

	References

	Tastant
	Synonyms
	Definition
	Characteristics
	Taste Qualities
	Saltiness
	Sourness
	Bitterness
	Sweetness
	Umami
	Fats (lipids)
	Water as a Tastant
	Taste Modifiers and Mixture Effects

	Function
	Taste Perception Across Species


	References

	Taste
	Synonyms
	Definition
	Characteristics
	Description of the Peripheral Structure
	Taste Cells in the Oral Cavity Are the Sensors of Sapid Stimuli
	A Variety of Receptors and Transduction Mechanisms Mediate Tastants Detection by Taste Cells
	Branches of the Cranial Nerves Carry the Taste Information from the Taste Buds to the Brain

	Description of the Central Structure
	The Taste Information Travels via the Brainstem and the Thalamus en Route to the Cortex
	Taste Information Coding


	References

	Taste - Bitter
	Definition

	Taste – Conscious Perception of
	Definition

	Taste – Context Dependence
	Definition

	Taste - Salt
	Definition

	Taste - Sour
	Definition

	Taste - Sweet
	Definition

	Taste - Umami
	Definition

	Taste Aversion Learning
	Taste Bud
	Synonyms
	Definition
	Characteristics
	Location of Taste Buds
	Development and Maintenance of Taste Buds
	Morphologic Characteristics and Molecular Markers of�Taste Bud Cells
	Functions of Taste Receptor Cells in Taste Buds
	Taste Coding in Taste Buds

	References

	Taste Coding
	Definition

	Taste Hedonic Value
	Definition

	Taste Learning
	Taste Neophobia
	Definition

	Taste Reactivity Test
	Definition

	Taste Stimulus
	Taste-potentiated Odor Aversion
	Definition

	Tat Protein
	Definition

	TATA-Box
	Definition

	Tau Mutation
	Definition

	Taxis
	Definition

	Taxon Navigation
	Definition

	Tay-Sachs Disease
	Definition

	TBPII
	Tectobulbar and Tectospinal Tract
	Synonyms
	Definition

	Tectobulbospinal Tract
	Definition

	Tecto-reticulo-spinal Neurons
	Definition

	Tectospinal Tract
	Synonyms
	Definition

	Tectum
	Definition

	Tectum of Mesencephalon
	Synonyms

	Tegmental Area (Forel's Field)
	Synonyms
	Definition

	Tegmentum
	Tegmentum (Midbrain, Pontobulbar)
	Definition

	Tegmentum of Mesencephalon
	Synonyms
	Definition

	Tegmentum of Pons
	Synonyms
	Definition

	Telencephalic
	Definition

	Telencephalon
	Definition

	Teleost Fish
	Definition

	Temperature Regulation
	Definition

	Template
	Definition

	Template in Birdsong
	Definition

	Temporal
	Definition

	Temporal Coding in Olfactory System
	Synonyms
	Definition
	Characteristics
	A Slow Time Scale Related to Odor Sampling
	At the Peripheral Level
	At the Bulbar Level

	A Fast Time Scale Related to Network Dynamics

	Conclusions
	References

	Temporal Coding in Electroreception
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Higher Level Structures
	Lower Level Components
	Electroreceptor Organs
	Specialized Features of Time-Coding Circuitry

	Higher Level Processes
	The Jamming Avoidance Response in Wave-Type Species
	Mechanisms of Temporal Feature Extraction

	Function

	References

	Temporal Coding in Sensation
	Definition

	Temporal Integration in Photoreceptors
	Definition

	Temporal Lobe
	Synonyms
	Definition

	Temporal Lobectomy
	Definition

	Temporal Response of Retinal Ganglion Cells
	Definition

	Temporal Rule of Multisensory Integration
	Definition

	Temporal Summation in Pain
	Definition

	Temporal-lobe Seizures (Psychomotor Seizures)
	Definition

	Temporally Graded Retrograde Amnesia
	Definition

	Tenascin
	Definition

	Tendon
	Synonyms
	Definition
	Characteristics
	Introduction
	Anatomy
	Material Properties
	Stiffness of the Muscle-Tendon Unit
	Contractile Properties – The Series Elastic
	Energy Storage
	Recruitment of Motor Units – Common Tendon Model
	Higher Level Structures
	Lower Level Components

	Function

	References

	Tendon
	Definition
	Characteristics
	References

	Tendon Jerk
	Tendon Organ
	Definition

	Tendon Reflex
	Definition

	Tenrec
	Definition

	Tension-type Headache
	Definition

	Tensor Tympani Muscle
	Definition

	Teratogen
	Definition

	Terminal Arbor
	Definition

	Terminal Bouton
	Definition

	Terminal Cisternae (Junctional SR, Heavy SR)
	Definition

	Terrestrial Magnetic Field
	Territorial Motivation
	Definition

	Tertiary Sensory System
	Definition

	Test and Inducing Stimuli
	Definition

	Tetanus in Muscle Contraction
	Definition

	Tetanus (Pathological)
	Definition

	Tetany
	Definition

	Tetracycline-Regulated Transgenics
	Tetraethylammonium Chloride (TEA)
	Definition

	Tetrahydrocannabinol
	Definition

	Tetrapod
	Definition

	Tetrodotoxin (TTX)
	Definition

	Texture Discrimination in Touch
	Definition

	Texture Processing in Vision
	Definition

	Texture Segregation in Vision
	Definition

	TGF-&beta;
	Thalamic Pain
	Thalamic Syndrome (Déjérine-Roussy)
	Definition

	Thalamic Ventrobasal Complex
	Definition

	Thalamotomy
	Definition

	Thalamus
	Definition

	Theodicy
	Definition

	Theories on Motor Learning
	Definition
	Characteristics
	Optimality Principles for Motor Control and Learning
	Motor Learning as a Composite of Subsystems
	Internal Forward and Inverse Models
	Reinforcement Learning
	MOSAIC Model
	Nonlinear Dynamical Approach

	References

	Theory – Theoretical Expression
	Definition

	Theory of Mind
	Theory on Classical Conditioning
	Synonyms
	Definition
	Characteristics
	Conditions for Classical Conditioning
	Cue Competition Effects
	Contingency
	Inhibitory Learning

	Theoretical Perspectives
	The Rescorla-Wagner Model

	The Nature of CS and US Encoding
	Rules for Conditioned Performance

	References

	Theory on CS-US Associations
	Theory on Pavlovian Conditioning
	Theory on Stimulus-outcome Learning
	Theory Theory (Simulation Theory, Theory of Mind)
	Synonyms
	Definition
	Bhead56
	Theory of Mind
	Theory Theory
	Simulation Theory

	Description of Theory
	Theory Theory in Philosophy
	Theory Theory in Psychology
	Scientific-Theory Theory
	Modularity Theory

	Simulation Theory
	Simulation Theory in Philosophy
	Simulation Theory in Psychology

	Hybrid Theories

	References

	Thermophilic
	Definition

	Theropoda
	Definition

	Theta Burst
	Definition

	Theta Cell
	Definition

	Theta Rhythm
	Definition

	Thiamine (Vitamin B1) Deficiency
	Definition

	Thing
	Definition

	Third Ventricle
	Synonyms
	Definition

	Three Neuron Arc
	Definition

	Threshold Accommodation
	Definition

	Threshold Control
	Threshold Control in Motor Control
	Definition

	Threshold in Psychophysics
	Definition

	Threshold Tests
	Definition

	Thrombolysis
	Definition

	Thrombotic Stroke
	Thymocytes – Cells of Thymus
	Thyroid Axis
	Thyrotoxic Periodic Paralysis
	Definition

	Thyrotropin Releasing Hormone
	Definition

	TIA (Transient Ischemic Attack)
	Definition

	Tic Douloureux
	Definition

	Tics
	Definition

	Tilt Reaction
	Definition

	Time Coding, Electrosensory
	Time Constant in Eye Movement
	Definition

	Time Constant in Membrane Biophysics
	Definition

	Time Domain
	Definition

	Time Domain in Acoustics
	Definition

	Time/frequency Analysis
	Timegiving Stimulus
	Definition

	Time-on-Task Effect
	Definition

	Time-to-Contact
	Definition

	Timeless
	Definition

	Timothy’s Syndrome
	Definition

	Tinnitus
	Definition

	TIRF, TIRFM
	Tissue Engineering
	Definition

	Titin
	Definition

	TLLBs
	T-Lymphocytes
	Definition

	TNF-&alpha;
	Definition

	TNF-receptor 1 (TNFR1)
	Definition

	TNFR2
	TNFR55
	TNFR60
	TNFR75
	TNFR80
	Tolerance and Dependence
	Definition
	Characteristics
	Quantitative Description

	References

	Toll-like Receptor
	Definition

	Tongue Dorsum
	Definition

	Tonic Activity of Sympathetic Nerves
	Definition
	Characteristics
	Quantitative Description
	Higher Level Structures
	Lower Level Components
	Higher Level processes
	Lower Level Processes
	Function
	Pathology

	References

	Tonic-clonic Seizures
	Definition

	Tonic Discharge in Oculomotor System
	Definition

	Tonic Neurons Encoding Eye Position
	Definition

	Tonic Vibration Reflex
	Definition

	Tonics
	Tonotopic Organization (Maps)
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Higher Level Structures
	Lower Level Components
	Midbrain Inferior Colliculus
	Auditory Cortex

	Structural Regulation
	Higher Level Processes
	Lower Level Processes
	Process Regulation
	Function
	Pathology

	References

	Top-Down Approach
	Definition

	Topological Position
	Definition

	Topology
	Definition

	Torpor
	Definition

	Torsion Dystonia
	Definition

	Torsion in Eye Movement
	Definition

	Torus Semicircularis
	Definition

	Total Internal Fluorescence Microscopy
	Total Internal Reflection
	Definition

	Touch Dome
	Definition

	Touch Sensation, or Mechanosensation, in the Mouth and on the Lips
	Touch-evoked Pain
	Tourette's Syndrome
	Definition

	Trace Eyeblink Conditioning
	Definition

	Tracking
	Definition

	Tract
	Definition

	Trafficking
	Definition

	Trafficking Adaptors
	Definition

	Trafficking Motifs
	Definition

	Training
	Definition

	Trajectory Attractors in Neural Networks
	Definition

	Trajectory in Motor Control
	Definition

	Trans-acting Factor
	Transactional Functionalism
	Definition

	Transcortical Reflex
	Definition

	Transcranial Magnetic Stimulation
	Synonyms
	Definition
	Purpose
	Interruption of Brain Activity: Virtual Lesion
	Cortical Physiology
	Brain Plasticity
	Magnetic Stimulation in Disease
	Therapeutic Use
	Central Motor Conduction Time (CMCT)

	Principles
	Mechanisms of Action of TMS
	Methods and Measurements
	Cortical Threshold
	Latency, Amplitude of Response and Silent period

	Transcranial Electrical Stimulation (TES)

	Advantages and Disadvantages
	References

	Transcription Factor
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Higher Level Structures
	Lower Level Components
	Structural Regulation
	Higher Level Processes
	Lower Level Processes
	Process Regulation
	Function
	Pathology

	References

	Transcription Factor Codes
	Transcriptional Start Site (TSS)
	Definition

	Transcriptome
	Definition

	Transducer
	Definition

	Transduction in Olfactory System
	Synonyms
	Definition
	Characteristics
	Description of the Process
	Functional Elements
	Olfactory Cyclic Nucleotide Gated (CNG) Channels
	Chloride-Channels

	Regulation of the Process
	Role of Calcium


	References

	Transfer Function
	Definition

	Transfer Tests
	Definition

	Transfer-appropriate Processing
	Definition

	Transforming Growth Factor Alpha (TGF-&alpha;)
	Definition

	Transgene
	Definition

	Transgenic Animal
	Definition

	Transgenic Mouse
	Definition

	Transient Global Amnesia
	Definition

	Transient Internal Desynchrony
	Definition

	Transitions between Electroencephalographic Stages
	Definition

	Translational Regulation
	Translational Vestibulo-Ocular Reflex
	Definition

	Transmembrane Recording
	Transmembrane Voltage
	Transmissible Spongiform Encephalopathies (TSEs)
	Definition

	Transmission Channel
	Definition

	Transneuronal Tracers
	Definition

	Transplantation of Artificial Materials for Nerve Regeneration
	Definition
	Characteristics
	Silicone
	Collagen
	Polyglycolic Acid
	Copolymer of Polyglycolic Acid and Polylactic Acid
	Poly-&epsiv;-Caprolactone
	Alginate
	Chitosan

	References

	Transplantation of Bone Marrow Stromal Cells for Spinal Cord Regeneration
	Synonyms
	Definition
	Characteristics
	Preparation of BMSCs
	Characterization of Isolated BMSCs

	Cell Differentiation
	Cytokines and Trophic Factors
	Cell Transplantation
	Clinical Application

	References

	Transplantation of Neural Stem Cells for Spinal Cord Regeneration
	Definition
	Characteristics
	Background
	Traumatic Injury of the Spinal Cord and the Current Standard Clinical Treatments for this Condition
	Experimental Regenerative Treatments for the Injured�Spinal Cord
	Possible Obstacles in the Transplantation of NSCs into the Injured Spinal Cord
	Therapeutic Time Window for NSPC Transplantation in�a Model of SCI
	Efforts to Enhance the Therapeutic Effects of NSPC-�Transplantation
	Genetically Engineered NSPCs
	Convenient Methods for Administrating NSPCs into Injured Spinal Cord
	Scaffolds for Cell Therapy
	Primate SCI Model and NSPC Transplantation
	Mechanisms of Functional Recovery of the Injured Spinal Cord Following NSPC Transplantation
	Conclusions and Perspectives

	References

	Transplantation of Olfactory Ensheathing Cells
	Synonyms
	Definition
	Characteristics
	What are Olfactory Ensheathing Cells?
	Olfactory Ensheathing Cell Transplants
	Additional Benefits of OEC Transplantation
	Summary

	References

	Transplantation of Schwann Cells
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Function
	Pathology
	Therapy

	References

	Transporter (Biophysics)
	Definition

	Transverse Temporal Gyrus (Heschl)
	Synonyms
	Definition

	Trapezoid Body
	Synonyms
	Definition

	Traube–Hering Waves
	Definition

	Traumatic Brain Injury
	Definition

	Traumatic Brain Injury: Rat Model of Neuroinflammation and Expression of Matrix Metalloproteinases
	Definition
	Characteristics
	Traumatic Brain Injury (TBI)
	Brain Damage Following TBI
	Cell Death Mechanisms After TBI
	Neuroinflammation and its Role in TBI
	Matrix Metalloproteinases (MMPs) as Important Players in Secondary Brain Damage after TBI
	Hyperbaric Oxygen Therapy (HBOT) After TBI
	Anti-Inflammatory Effects of HBOT
	Anti-Inflammatory and Neuroprotective Role of HBOT in�TBI
	Conclusions and Perspectives

	References

	Traveling Waves
	Definition

	Tree Shrews
	Definition

	T1-Relaxation
	Definition

	T2-Relaxation
	Definition

	Tremor
	Definition

	TRH
	Definition

	Triad
	Definition

	Triadin
	Definition

	Trichromacy
	Definition

	Trigeminal Autonomic Cephalalgias (TACs)
	Definition

	Trigeminal Complex
	Definition

	Trigeminal Ganglion (Gasseri)
	Synonyms
	Definition

	Trigeminal Lemniscus
	Synonyms
	Definition

	Trigeminal Nerve (V)
	Synonyms
	Definition

	Trigeminal Neuralgia (Paroxysmal Facial Pain, Tic Douloureux)
	Definition

	Trigeminal Olfactory Function
	Definition

	Trigeminal System
	Definition

	Trigger Neurons
	Definition

	Trigger Point
	Definition

	Trinucleotide Repeat Disease
	Synonyms
	Definition
	Characteristics
	Clinical and Genetic Features
	Instability of Trinucleotide Repeats
	Premutations of Disease
	Gain of Protein Function Trinucleotide Repeat Diseases
	Loss of Protein Function Trinucleotide Repeat Diseases
	RNA-Mediated Dominant Trinucleotide Repeat Diseases
	Genetic Counseling and Testing
	Treatment

	References

	Trinucleotide Repeat Expansion Disorder
	Tripartite Synapse
	Triplet Repeat Disorders
	Trismus
	Definition

	Tritanopia
	Trk-A Receptor
	Definition

	Trochlear Nerve (IV)
	Synonyms
	Definition

	TRP
	Definition

	TRP Channels
	Definition
	Characteristics
	TRP Channels Involved in Hormonal Signaling Cascades
	Trafficking of TRP Channels
	Integration of TRP Channels in Macromolecular Protein�Complexes
	TRP Channels as Targets of Secondary Plant Compounds
	TRP Channels in Thermosensation
	TRP Channels in the Brain
	TRP Channels in Volume Regulation and Mechanotransduction
	Conclusion

	References

	TRP Receptors
	Definition

	TRPA1 Protein
	Definition

	TRPC Proteins
	Definition

	TRPM Proteins
	Definition

	TRPML Proteins
	Definition

	TRPN Proteins
	Definition

	TRPP Proteins
	Definition

	TRPV Proteins
	Definition

	TRPV1 Receptors
	Definition

	T2Rs
	Definition

	True Memories
	Definition

	True Proposition
	Truncal Ataxia
	Definition

	Truth Conditions
	Definition

	Truth Value
	Definition

	Tryptamine
	Definition

	Tryptophan
	Definition

	TTX
	Definition

	Tubercle, Olfactory
	Definition

	Tuberculoventral System
	Definition

	Tuberomamillary Nucleus
	Definition

	Tuberomammillary Nucleus (TMN)
	Definition

	Tuberous Sclerosis Complex (TSC)
	Definition

	Tubular Repair of Nerves
	Definition

	Tubulin
	Definition

	Tufted Cells in Olfactory Bulb
	Definition

	Tumor Necrosis Factor
	Tumor Necrosis Factor-&alpha;
	Definition

	Tumor Suppressor Gene
	Definition

	Tuning Curve of Visual Neurons
	Definition

	Tutor Song
	Definition

	TVOR (Translational VOR)
	Twitch (Muscle)
	Definition

	Two-Point Discrimination and Threshold in Cutaneous Mechanosensation
	Definition

	Two-Process Model of Sleep Regulation
	Definition

	Two-Third Power Law
	Definition

	Tylotrich Hairs
	Definition

	Tympanal Organ
	Definition

	Type 1 and Type 0 Resetting
	Synonyms
	Definition
	Characteristics
	Circadian Clocks are Built for Entrainment
	Phase Response Curves Come in Different Shapes
	PRC’s and Circadian Entrainment
	Significance of Type 1 and Type 0 Resetting in the Natural Environment

	References

	L-type Ca2+ Channel
	Definition

	Type I Position-Vestibular-Pause (PVP) Neuron
	Definition

	Type I Secondary Vestibular Neurons
	Definition

	Type II Restriction Endonucleases
	Definition

	Type II Ca/Calmodulin-dependent Kinase
	D-type K+ Current (ID)
	Definition

	Tyrosine Hydroxylase
	Definition

	Tyrosine Kinase Receptors
	Definition




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


