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Abstract

This translation practice report excerpted from Principles of Neural
Science. The text, edited by Nobel laureate Kandel, is the most
authoritative international textbook on neuroscience. The author chose
Chapter 35 Spinal Reflex as the translation task, which mainly introduces
the motor reflex response of spinal animals.

The text uses a large number of terms, passive voices, nominalization
structures and complex sentences in the field of neuroscience. It is a
scientific English with strict logic between sentences, concise language
and objective expression. According to Newmark’s translation theory, it is
originally an informative text. This translation practice adhered to the
standards of informative text translation and used communicative
translation strategies.

The translator encountered some difficulties during the translation
process. At the lexical level, the semantic correspondence of professional
terms, the semantic choice of semi-professional terms and the translation
of nominalization are discussed. By referring to parallel texts, querying
online terminology databases and dictionaries, professional terms and
semi-professional terms are determined; the translator processed
nominalization into verbs and adjectives. At the syntactic level, it

analyzes the conversion of passive voice, the processing of long and

Vil



complex sentences, and the expression of implicit meaning; the translator
transformed the passive voice into the active voice, translated long and
difficult sentences through division and reverse translation, and expressed
the implied meaning of the sentences directly in Chinese. At the discourse
level, the coherence and logic of the discourse establish a reasonable
language logic by restoring demonstrative pronouns and reproducing
information.

Through this translation, the author has acquired knowledge related
to neuroscience, deepened the understanding of translation strategies, and
accumulated translation experience. It is hopeful that the report can
provide reference and inspiration for translation projects related to

neuroscience.

Key Words: Principles of Neural Science; Spinal Reflex; informative

text; scientific English
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Chapter 1 Task Description

1.1Background of the Practice

Neuroscience is a comprehensive and wide-ranging discipline, and its
development not only helps us to deeply understand the structure and function of the
nervous system, but also provides important clues for solving many unsolved
problems. With the continuous progress of science and technology, neuroscience is
bound to play an even more important role in the future. There is a growing demand
for neuroscience resources in China, and the requirements for translation standards are
bound to be higher than in other fields.

The translator’s tutor has been doing experiments related to neurology. The
translator has also participated in experiments and has some knowledge of the field of
neurology. When translating, the mentor can also provide some help. The book
“Principles of Neural Science” is edited by Eric R. Kandel, a Nobel Prize winner. The
book is called the “Bible of Neuroscience”. The book has not yet been published in
Chinese. The translator's task is Chapter 35, with 10132 words in the source language
and 17439 words in the target language, which meets the word count required for the

graduation thesis of the master's degree in translation.

1.2 Significance of the Practice

The significance of translating neuroscience books is far-reaching and
wide-ranging, as reflected in the following aspects:

Firstly, it promotes the dissemination and exchange of knowledge. Neuroscience,
as a science that studies the structure and function of the nervous system, covers many
cutting-edge fields, such as brain science, neurological diseases and so on. Translating
neuroscience books can transfer these professional knowledge from one language to
another, enabling readers in different countries and regions to have access to these

valuable scientific resources, thus promoting the global dissemination and exchange

1
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of knowledge.

Secondly, it promotes the development of the field of neuroscience. Through
translation, scientists and researchers from different cultures can share the latest
research results, theories and methods in the field of neuroscience. This cross-cultural
communication helps break the geographical limitations and promotes neuroscience
research cooperation on a global scale, thus promoting the progress and development
of the whole field.

Thirdly, this practice can help author to expand relevant knowledge. This
translation practice material is a scientific text in the field of neurology. The original
text contains a large number of research results in neuroscience. In the process of
translation, the author needs to verify the relevant content in this field and supplement
the background knowledge. Therefore, the process of this translation practice is also a
learning process of knowledge expansion for the author, which lays a foundation for
the author 's future translation of texts in the field of neuroscience.

Fourthly, it can improve author’s translation skills. For the author, this translation
practice is long and new. In the process of translation, the author needs to constantly
discover problems, record problems, and finally solve problems. In this process, the
author has a deep understanding of the syntactic characteristics and language style of
the article, and finally consolidated the use of translation strategies and translation
skills, such as splitting long and difficult sentences and indicating the manifestation
logic of the pronoun reference. True knowledge comes from practice, so translation
skills have been improved. In addition, it also provides a feasible solution for others to

solve similar translation problems.

1.3 The Source of the Task

The book Principles of Neural Science has advanced rapidly from theory to
application, covering all fields of biomedicine, and the latest scientific and
technological achievements has been made constantly. Since the first edition of this

book was published in 1981, the team led by Kandel has made significant
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contributions to the teaching of this field of neuroscience. As a classic neuroscience
textbook, this book comprehensively covers all levels of this science. From the
microscopic molecular biology of neurons, the principle of synaptic transmission, to
basic perceptual and motor functions, to advanced cognitive functions such as
advanced memory, thinking, and language, and to macroscopic nervous system
evolution and development, this book describes the fascinating field of neuroscience
from multiple angles, providing a wealth of knowledge for all those interested in this
discipline and human brain function.

The source text is from the fifth edition of Principles of Neural Science, and
there is no Chinese version at present. Chapter 35 is mainly about the principles
underlying the organization and function of reflexes, focusing on spinal reflexes. It
also introduces the adaptability of reflex, muscle stretch, muscle spindle, motor

neurons and so on.
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Chapter 2 Pre-translation Preparations

2.1 Language Features of Source Text

The main linguistic features of the source text are the following:

Firstly, the use of nominalisation is very frequent in the source text. This reflects
a typical feature of scientific and technical English, which is to make expression more
concise, objective and accurate through the use of nominalised structures. Since
scientific and technical texts need to emphasize the existence of facts and objective
information, the nominalised structure can well meet this need. However, in the
process of translation, we need to pay attention to the dynamic characteristics of
Chinese, and appropriately transform the nominalised structures in English into
Chinese verb forms to ensure the fluency and readability of the translation.

Secondly, the use of passive voice in the source text is also more common. Since
technical English focuses on objectivity and accuracy, the use of passive voice helps
to reduce the involvement of subjective meaning and make the text more persuasive.
However, Chinese uses more active voice and first and second person. Therefore,
when translating, we need to pay special attention to the conversion of the subject and
adopt the complementary method when appropriate to make up for the lack of subject
in the original text. At the same time, we also need to ensure the objectivity of the
translation and avoid introducing too many subjective factors.

Finally, the source text uses a large number of long and complex sentences.
These sentences are compact and logical and are used to express complex concepts
and relationships. However, when translating, we need to take into account the
expression habits of Chinese and try to avoid using too many long and complex
sentences. We can make the translation more in line with Chinese expression habits
by splitting sentences and adjusting the word order, while ensuring the completeness
and accuracy of the information in the original text.

According to the linguistic features of the source text, the translator can
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determine that the text belongs to the category of scientific and technical English. The
text classification theory of British translation theorist Newmark provides a strong
basis. In his classification, scientific and technical English is clearly classified as an
informational text, which is because scientific and technical English focuses on the
description of objective facts, the use of technical terms and logical and rigorous
expression, aiming at conveying specific information and knowledge. Therefore,
when translating the source text, the translator should give full consideration to its
attributes of informational text to ensure that the translation can accurately and
completely convey the information of the original text, while trying to maintain the
objectivity and logic of the original text. In the process of translation, we also need to
pay attention to the accuracy and consistency of terminology, as well as the clarity
and simplicity of language expression, in order to meet the characteristics and

requirements of scientific and technical English.

2.2 Translation Tools

Translation tools play an indispensable role in the translation process. Electronic
tools and paper dictionaries complement each other and together enhance the
efficiency of translation work. Especially when translating scientific and technical
English texts, it is often difficult to ensure the accuracy of certain terms by relying
only on non-specialized dictionaries. E-tools, on the other hand, are able to quickly
search multiple sources of information and provide rich search results with high
reference value.

For terminology translation, the translators carefully selected several
authoritative resources, such as the Bilingual Dictionary website of the National
Academy of  Education(https://terms.naer.edu.tw/) and the  Termonline
(https://www.termonline.cn/), to ensure that terminology translations were both
accurate and exhaustive. In addition to electronic tools, the translator used several
paper dictionaries, such as the New Century English-Chinese Dictionary, the Oxford

Advanced English-Chinese Dictionary, which provided detailed explanations of
5
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vocabulary and examples of usage.

In order to deeply understand the source text, the translator made full use of
library resources and modern electronic network technologies, such as Microsoft Bing,
to obtain a large amount of information about the author, the source text and related
academic materials through information retrieval. In addition, the translator also
collected a large number of parallel texts with the help of academic platforms such as
CNKI, which provided rich reference materials for the translation work.

During the translation process, translators also employ computer-assisted
translation (CAT) tools such as Trados. These CAT tools, as computer-assisted
translation software, are capable of generating translation memories and databases for
specific fields or disciplines, which greatly saves the time and effort of translators,
and at the same time helps to improve the quality and consistency of translations.

To sum up, translation tools play a vital role in the translation process, and they
not only improve the efficiency of translation, but also ensure the accuracy and

quality of translation.

2.3 Parallel Text

In order to ensure the accuracy and professionalism of the translation, the
translator collected and analyzed some parallel texts. The translator searched the
Chinese "spinal reflex" as a keyword on CNKI, and found a total of 11 papers. Then,
the translator searched the English “spinal reflex” as a title and keyword, and there
were 60 citation papers in ten years. The translator read these 71 papers carefully
before translation. The translator also read the book “The Idea of the Brain: A
History”, which was written by Matthew Cobb in the UK and translated in Chinese by
Zhang Jin, a Chinese translation theorist. This book is for learners who have no
knowledge of neuroscience at all.

By referring to these parallel texts, the translator gained a deeper understanding
of neuroscience and spinal reflexes. Valuable theoretical and practical knowledge has

been obtained, which greatly supports the translation work.

6
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2.4 Glossary Building

Create a glossary. The original text contains many neurologic-related terms such
as axon, cerebral cortex, collagen, electromyogram. Therefore, the author first listed
the terms and entries in the text before translation, and then verified the translation
method by means of dictionaries and searching parallel texts. At the same time, the
author also discussed with the team members to unify the expression of terms, ensure
the consistency and integrity of the translation, and avoid mistranslation. As a result, a

list of terms and proper nouns is established, as detailed in the appendix below.
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Chapter 3 Case Study

Theory comes from practice. Therefore, successful translation is inseparable
from accepted translation theory. According to Catharina Rice’s Text Type Theory, the
source text is informational text. Informational texts are logical and simple, focusing
on content rather than form. In this chapter, the translator mainly expounds the
difficulties encountered in the translation process and the solutions to the difficulties

through three aspects, including vocabulary, sentence and discourse.

3.1 Disambiguating Vocabulary Meaning

In this part, there are three main difficulties, including terminology, polysemy,
and nominalization. Sometimes, it is difficult to get the meaning of professional terms
through dictionaries and online database directly. The translator mainly determined its
meaning by searching online database and online terminology database. In the process
of translation, the translator also encountered some terms that cannot be queried in the
online database. The translator chose the Chinese expressions of terms according to
the definitions mentioned in the source text. When dealing with polysemous words,
the translator mainly selected the meanings of words in biology, neuroscience and
other fields, and then retrieved them in the online corpus to see whether the meaning
is appropriate in the context of the target language. For the treatment of
nominalization, the translator adjusted it according to Chinese language habits and the
context in the sentence, and mainly converted it into verbs or adjectives in the

translation process.

3.1.1 The Determination of Terminology in Neuroscience
The establishment of terms is the premise of any text translation, and the
development of scientific and technological terms is an important basic work for a

country to carry out science and technology, culture and economy construction, and
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the translation of scientific and technological terms is a key issue in the development

of science and technology (3¢ R /¥, 2023).

Example 1:

ST: Perhaps the most important-certainly the most studied-spinal reflex is the stretch
reflex, a lengthening contraction of a muscle.

TT1: FHES R — TR S, BUYLA BRI S, 33X S St Vi B 21,
LI R TR Z

TT2: FHES e —Mak R, RIS, X S VR i B2
BRI TR Z

Analysis: In Example 1, it is difficult to translate the terminology “stretch reflex”,
because its Chinese equivalent expression couldn’t be got directly in dictionaries.
When the translator searched “stretch reflex” in CNKI, there were two different
Chinese versions, “ 22 #i/ /< 41" and “ 7 5K /< 41”. The frequency of the former to be
used in CNKI is 32, while that of the latter 19. Therefore, in TT1, the translator
translated this term into “ZZ 7 /< 47°. However, later the translator looked up this term
on the Bilingual Dictionary website of the National Academy of Education and found
that “stretch reflex” was translated into * Z& 7K /< 47”. Furthermore, the translator
searched the term on Termonline, an online resource library, and found that “stretch
reflex’” was also translated into “Z% 5K 2 &>, which is derived from the book Chinese
Terms in Neurology published in 2020. Therefore, in TT2, the translator translated this

term into “ 257K /< 4 in the field of neuroscience.

Example 2:

ST: A third example of adaptability is the conditioning of the flexion-withdrawal

reflex.

TT1: 5&E B2 =AM 72 U 7 JRR S

TT2: & 58 =AM 7 U 15 JE B S

Analysis: In Example 2, it 1is difficult to translate the terminology
“flexion-withdrawal”, because its Chinese equivalent expression couldn’t be got

directly in dictionaries and online database. A search on CNKI showed that “flexion
9
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withdrawal ” is commonly used, which proves the existence of this phrase. According
to the English-Chinese dictionary, in the medicine field, the word “flexion” is
translated into “ /Z #” and the word “withdrawal” is translated into “ & /4, #{i8”.
Therefore, in TT1, according to its general meaning, the term “flexion withdrawal” is
translated into “/#18”. However, later the translator found that the Chinese expression
“ 18" does not exist in either CNKI or online resource library. Then according to the
context, it is very similar to “flexion reflex”. It is previously mentioned that
“Flexion-withdrawal is a protective reflex in which a discrete stimulus causes all the
flexor muscles in that limb to contract coordinately. We know that this is a spinal
reflex because it persists after complete transection of the spinal cord.” The “flexion
reflex” refers to the flexion reaction of the ipsilateral muscle when the skin is
stimulated by injury. The flexors around the joints contract and the extensors are slow.
It is a protective reflex. According to definition of the two words, the translator
believed that “flexion-withdrawal reflex” is “flexion reflex”. On the Termonline,
“flexion reflex” is translated into “/## /< 47". Therefore, in TT2, “flexion-withdrawal”

was translated into “/# /#7” in the field of neuroscience.

3.1.2 The Selection of Semi Terminology in Neuroscience

Polysemy is a linguistic phenomenon widely existing in natural languages, that is,
a word has two or more interrelated meanings. Usually, the form and meaning of a
word are not in a one-to-one relationship but in a one-to-many relationship. Accurate
translation of polysemous words requires firstly the understanding of the type of the
source text, and secondly the choice of meaning according to the context ( £ 18,
2022).
Example 3:

ST: The tonic discharge of both primary and secondary sensory endings signals the

steady-state length of the muscle.
TT1: — AN Ut AR SR BRI T LA A
TT2: — M — JIgeni AR i MR s ke 1 L i R KL

10
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Analysis: In Example 3, it is difficult to translate the word group “tonic discharge”,
because its Chinese equivalent expression couldn’t be got directly in dictionaries. The
English word “tonic” is polysemous. According to Collins English Dictionary, “tonic”
usually means “ 7% E/ /], ZKH7, # /1 H7 in the field of neuroscience. In order to
determine the meaning of “tonic” in this sentence, the translator firstly retrieved the
word “ 2% E ¢ #” in the online corpus, and this Chinese expression was found in a
paper. On the Termonline, the translator searched the phrase “tonic discharge” and
found the related term “neuromyotonic discharge”, which means “ #7238 /] 14 75 EL i
in Chinese, which comes from the book Chinese Terms in Neurology published in
2020. Therefore, in TT1, the term “tonic discharge” is translated into “ 2% £ i 4.
Then, the translator also retrieved other two Chinese expressions “ & 54 ¢ #7” and the
“ 78 B¢ H7” in turn in CNKI. It was found that the expression “ & 5K /4 ¢ H#” was
used in many papers. Finally, on Termonline, translator found that “tonic discharge”
means “ & 5K 1% ¢ #” in the field of physiology. Therefore, the word group “tonic
discharge” is translated into “' %7K P in TT2.
Example 4:
ST: The organization of reflex pathways in the spinal cord has been established
primarily by electrically stimulating the sensory fibers and recording evoked
responses in different classes of neurons in the spinal cord.
TT1: A féSHEE AR, B R 2T 4E, Adsoa i AR
RUPRLE TC 5 RN T LAY o
TT2: Ahérh i) RaHmE L], 3SR R 2r4E, AdsomiEh A
AL TG IR I LT S o
Analysis: In Example 4, it is difficult to translate the word “organization”, because its
common Chinese expression appears awkward in the context of this sentence. The
meaning of the word “organization” in the field of biology is “ Z7#/, 22, 4544,
P, HLIAEFERL” . When searching for the word in CNKI, the most frequently used
Chinese expression is “ 4/ Z¥”. Therefore, in the TT1, the word “organization” is

translated into “Z7 2. However, when reading TT1 as a whole, it was found that is

11
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not appropriate in this context. In CNKI and various online resource databases, the
expression “#/#/ is commonly used together with the expression “ /K 47 £5” in the
field neuroscience instead of the expression “ Z/ Z¢/”. Therefore, the translator

translated the word “organization” into “#/#/” in TT2.

3.1.3 The Conversion of Nominalization

According to Halliday, nominalization is an important means of constructing
grammatical metaphor, which determines its multiple functions in discourse.
Nominalization has changed the tediousness of multiple clauses into an effective and
concise cohesive device, making the text smoother and more logical. Nominalization
structure can get rid of the dynamic subjective world created by spoken language. By
nominalizing actions and logical relations, discourse can be considered and organized
from abstract concepts such as thoughts and reasons rather than from the perspective
of the actor, so as to make the discourse more fair and objective. (M # %, T EZ,
2001)
Example S:
ST: Excitation of one group of muscles and inhibition of their antagonists--those that

act in the opposite direction-is what Sherrington called reciprocal innervation...

TT1: X —ZH LA A REBONON S A3 BT UL 3], it AR 158 i B S e

TT2: R U AE B2 SOG4, RIS, FHBLA T i)z 5)

HIFEHAL. ...

Analysis: In Example 5, it is difficult to translate the two nominalizations “excitation”
and “inhibition”. In TT1, translator adopted literal translation to translate “excitation”

and “inhibition” into Chinese nouns “ #/#¢ and “ # %/ respectively. After reading

TT1 again, it was found that these two expressions “ ¥/ —Z1 Y AT #) % and “Xf A
I Ja] 7% G0 #) H9 #1 #] 7 are not very natural in Chinese because Chinese is a

verb-dominant language. The form of “nominalization + of” is common in English.

According to the book Scientific Translation, this English structure could be

12
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converted into a Chinese phrase with the verb-object structure. In the TT2, the
translator translated the two nouns “excitation” and “inhibition” into the two verbs
“ J B> and “ #U #)>. In this way, the nominalization structure in English is
transformed into a verb-object structure. This conversion method does not change the
meaning of the original text, helps the reader to understand the meaning of the
original text, and conforms to the language habits of the target language.

Example 6:

ST: Relaxation of the antagonist muscle during a movement enhances speed and
efficiency because the muscles that act as prime movers are not working against the
contraction of opposing muscles.

TT1: ENRENIEINIA, A Hia il E, KItreisshiylieg, S
TOEA BEHE NIz B FE AR

TT2: {ERNIREN NI, xR daiEsiil, Btz shfin, BasHil
REXEG iz 333 MR

TT3: fENRESIRNIA, A GRS, RIAEE s e, EAR TS bT
JULEE R iz 5158 BN R0

Analysis: In Example 6, it is difficult to translate the two nominalizations “relaxation”
and “contraction”. In TT1, translator translated them into Chinese nouns “#¢%;” and
“ B #Y directly. Obviously, it is not fluent and natural with little readability. In order
to make the translation be more natural and closer to the target language, the translator
used the method of part-of-speech conversion and transformed the English structure
of “nominalization + of” into the Chinese structure of “verb + object”. Then, in TT2,
the two nominalizations “relaxation” and ‘“contraction” are translated into Chinese
verbs “ 44 47> and “ J{ #4> respectively. When proofreading the translation, the
translator found that in the first half of TT2 there are two Chinese verbs “XJ$7i” and
“IK 45> used together, which makes the translation not smooth. After querying the
data, the translator knew that the “prime mover” should fight against the “antagonist
muscle”, so the “antagonist muscle” should be the object of this sentence, and

“contraction” should be the state of the “antagonist muscle”, so the translator

13
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translated the English word “contraction” into the Chinese adjective “ /¢ Z547". After
the change, TT3 reads very fluently and conforms to the language habits of the target

language.

3.2 Changing Sentence Structures

In scientific English, passive voice is widely used to ensure the objectivity of the
article. However, in Chinese, passive sentences are rarely used, especially the word
“¥%”, which has a negative meaning in Chinese. Therefore, the translator converts the
passive voice into the active voice, or tries to avoid using the word “#%”. In addition,
there are great differences in sentence structures between English and Chinese, which
brings great difficulties to translation. The characteristic of English sentences is that
each component in the sentence can have modifiers, and each modifier can be very
long. One modifier can also be modified by another modifier, so the sentence
structure is complex. In Chinese, modifiers are few and short, and sentences are
composed of clauses one by one. Therefore, in the process of English-Chinese
translation, when dealing with long sentences, the translator splits them into short
sentences. In order to avoid repetition and make the article more concise, the source
text use widely pronouns and punctuations to connect the context. In order to make
the translation easier to understand, the translator clearly points out the meaning of
some pronouns in the process of translation, and directly expresses the meaning of

some punctuations in Chinese, and restores the omitted parts in the original text.

3.2.1 The Shift of Passive Voice to Active Voice

Both English and Chinese will use the passive voice in the text, but due to the
differences in cultural differences and ways of thinking between the East and the West,
there are great differences in the use of passive voice between English and Chinese.
English and Chinese belong to the Indo-European language family and the
Sino-Tibetan language family respectively, with obvious differences. English is a

language of ‘rule of law’, and a prominent feature of language structure and
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morphology is hypotaxis; Chinese is a language of ‘rule of man’, and a prominent
feature of language structure and morphology is parataxis (XI|% X, 2006). When the
subject of the sentence is the recipient or victim of the action, the verb form is in the
passive voice. Passive voice is widely used in English, especially English for science
and technology (XIE 78, 2001).

Example 7:

ST: Thus muscle spindles are used by the central nervous system to sense relative
positions of the body segments.

TT1: B, WUREE X2 2 Gt BRI S A 838 3 AR R B

TT2: il X2 R G AU R R S A% 5020 A XA

Analysis: In Example 7, it is difficult to translate the passive voice. The passive voice
in Chinese is realized by lexical means, mainly by words such as “#%, H, 4, #&”
and so on. When the word “use” is translated into Chinese, it is often combined with
the word “#”, so the translator translated the passive voice here into “#... /... in
the TT1. However, in Chinese, especially, the word “#%”, usually conveys a negative
meaning. When there is an obvious recipient and agent in the English passive voice,
the agent as the subject and the recipient as the object can be translated into the
Chinese active voice. In Example 7, the English expression “muscle spindle” is the
recipient and “the central nervous system” is agent. Therefore, in the TT2 the
translator took “the central nervous system” as the subject and “muscle spindles” as
the object, and translated the English passive sentence into the Chinese active
sentence, which conforms to the Chinese habits without changing the original
meaning.

Example 8:

ST: A subject is asked to place the palmar surface of an index finger on an electrode.
TT1: RS K i 1T 5 1B s b

TT2: S0 BERSZARF N 5 1 T S e s

Analysis: In Example 8, it is difficult to translate the passive voice, because in this

sentence, there is only a recipient and no agent, making it difficult to translate into the
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active voice of Chinese. As in the previous example, it is not appropriate to adopt a
literal translation. In this example, there is no agent, only recipient. Chinese can be
without a subject, so the translator translated this sentence into Chinese without a
subject in TT2. The translator found the translation is not smooth when she read it.
Another translation method is also mentioned in the thesis on passive voice, that is,
when the original sentence does not mention the agent and does not express an
obvious negative meaning, the subject can be translated according to the specific
situation. According to the word ““subject” and the context of the sentence, this is an
experiment, so the translator added the Chinese expression “ 47 when translating in
the TT3. This method of translation converts the passive voice into the active voice,

and the translation is very smooth.

3.2.2 The Change of the Structure of Long Sentences

Long sentences in English for Science and Technology are usually several
parallel clauses or clauses in a sentence. These clauses are interdependent and
mutually restrictive. They can be said to be connected and linked to each other,
making the sentences complicated and dazzling. It is difficult to understand their true
meaning ( & /5 %, 2012). Therefore, for science and technology workers, the
translation of long sentences in English for science and technology becomes more and
more important.
Example 9:
The strength of the electrical stimulus required to activate a sensory fiber is measured
relative to the strength required to activate the afferent fibers with the largest diameter
because these fibers have the lowest threshold for electrical activation.
TT1: 0 —AMECE AT 4RI 75 A HE R B2 AR T30S B S KR N LT 4R
i R B R B, RO I S 21 2 B S A1 ) L 30 R
TT2: HAREKNHIE N4 BA SR RBOE BE,  RIARYE s 12 21 48 7 Y
RIS R, SR B R 21 4 5 ) R R

Analysis: In Example 9, it is difficult to translate the long sentence, because translator
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should break long sentences into short sentences. Example 9 is a very long and
complex sentence, and direct translation is very difficult, so the translator took several
steps to translate it. First, determine the structure of the sentence. The expression “The
strength” is subject, and the expression “is measured” is the predicate. Second,
translate the subject, predicate, and other part separately. Third, connect the whole
sentence. After these three steps of translation, the sentence TT1 is very long and
difficult to understand. And the sentence does not conform to Chinese language habits.
Chinese generally first shows the reason and then says the result. Therefore, the
translator adopted the reverse translation method. First, the reason is mentioned at the
beginning of the sentence. In order to avoid repetition, the translator advanced the
object in the source language, and added the word “ #/ #7 . After adjusting the
expression order, the translation is changed into three short sentences in the TT2,
which not only makes the sentences easier to understand, but also conforms to the
expression habits of the target language.

Example 10:

ST: These interneurons receive inputs from collaterals of axons descending from
neurons in the motor cortex that make direct excitatory connections with spinal motor
neurons.

TT1: JX L8 rp e A4 o iR OCk B8 3 B R4 0 TR IS s, 5858
BRI U EAR B A IR IE R

TT2: XL 2ok B IS8 B R4 T0 MTHR IS RIMN, RS
BB SN ML IO EAR A A IR

TT3: XLErf a2 o M AT AR MBI, TRk B 83 R JZ M2,
H5RMEshfM e BN a IR

Analysis: In Example 10, it is difficult to translate the long sentence, because
translator should break long sentences into short sentences. The subject and predicate
of this sentence are very short, but the object is very long and there is a clause. The
translator adopted literal translation to get TT1. The latter part of the translation is

very ambiguous, it is not clear what the subject of the clause is. After the translator 's
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analysis, it is concluded that the clause is an attributive clause, and that refers to the
previous word “axons”. The translator also completed the subject of the attributive
clause and translated it into “ %/ 2. After reading TT2 several times, the translator
believed that the first half can be further optimized and can be simplified or divided
into two sentences. In the first half of the sentence, there are many descriptions of the
object, and the readability is poor. The translator split the first half of TT2. The split
part is the description of the object, so the translator added “/7/... /...” to translate the
two parts into parallel sentences in TT3. TT3 is very smooth and easy to read.
Example 11:

ST: Relaxation of the antagonist muscle during a movement enhances speed and
efficiency because the muscles that act as prime movers are not working against the
contraction of opposing muscles.

TT1: (EIZBN I FE AR ST AR iz sl ARG, PIOAE N IR 3 711
AL AN 20 e 4 B 3 5L

TT2: BFONTENIESN LA FEA X G i R oiil, B AEEIZ s iiia), i
TEPUULRESE Nz B AR

TT3: FEFINASX RIS TIL, e shiE, BUA st Nz s)
PRI R

Analysis: In Example 11, it is difficult to translate the long sentence, because
translator should break long sentences into short sentences. In the TT1, the translator
adopted the literal translation method, and the translation was composed of two long
sentences, which does not conform to the Chinese language habit. This example
consists of a main sentence and an adverbial clause of cause. Because Chinese is used
to express the cause first and then the result, the translator put the adverbial clause of
cause at the beginning of the sentence in TT2. Then the main sentence can be divided
into two parts. The whole sentence is broken up into three short sentences. When
translating other original texts, the translator found that there is the expression /7 5/
W in Chinese, so “ 1E %7 /7 5 77 HI LA can be simplified to “ 4757 //1”. And the
sentence* A7 7 =+ J7 £{ -+*> can also be shortened to “ A/ //”. In TT3, the original
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meaning of the sentence is not changed, but the translation is also simplified.

Therefore, the translation TT3 is more appropriate.

3.2.3 The Explicitation of Implicit Meaning

The technique of explicit translation was first proposed by French scholars Vinay
and Darbelnet when they compared the stylistic styles of French and English. As an
important strategy of stylistic translation, explicit translation refers to the process of
making explicit in the target language information that is not explicitly expressed in
the original language but can be reasonably inferred from the context or situation
(Vinay, Darbelnet, 1995). In translation practice, the translation of punctuation marks
is crucial to achieving the effect of explicit translation. Punctuation not only has the
basic function of sentence breaks, but also plays an important role in connecting
sentences and enhancing semantic expression ( #» 15 % , 1994). This method of
translation helps to ensure that the target language readers are able to more accurately
understand the intent and connotation of the original text. These are the hidden
meanings of punctuation. In Chinese-English translation, through the deconstruction
of sentence patterns, we can use these punctuation marks to help connect different
cohesion modes, so as to achieve effective information processing ( % ¥, T
#F, 2001).
Example 12:
ST: Excitation of one group of muscles and inhibition of their antagonists---those

that act in the opposite direction---is what Sherrington called reciprocal

innervation, a key principle of motor organization that is discussed later in this
chapter.

TT1:

BT, LB AN BRI, R B R L 36
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Analysis: In Example 12, it is difficult to translate the two dashes and one comma,
because the translation of the sentence retains the original structure, which makes the
translation difficult to understand. In theTT1, the translator adopted literal translation.
In Chinese scientific discourse, dashes have the functions of emphasis, explanation
and supplement. The first dash in the example serves as a supplement, while the
second dash serves as an explanation. A literal translation of this example is
reasonable in terms of punctuation. However, fluency is one of the most important
principles in scientific English translation. When translator read TT1, found that the
translation is not smooth. The implicit meaning of both dashes is interpretation. In
TT2, the translator clearly translated the hidden meaning of the two dashes. For
sentence fluency and to avoid repetition, two sentences before and after the first dash
can be combined into “ A #/ YL A 11 HE K 77 5] 3 5 975 DL, The second dash
translator removed it and the Chinese expression “ &/ & /7 i 93 T #1125 3% Fil A2 75
can be placed at the beginning of the sentence, which increased the emphasis of the
sentence and made the whole sentence easier to understand and more readable. In the
original text, the translator changed the comma into a period, because the meaning
before the comma is very complete, and the content after the comma is a supplement
to the whole sentence before. The translation of TT2 is easy to understand and does
not change the meaning of the original.

Example 13:

ST: Afferent axons from muscle spindles make excitatory connections on two sets of
motor neurons;_alpha motor neurons that innervate the same (homonymous) muscle
from which they arise and motor neurons that innervate synergist muscles.

TT1: K E WL B8 Nl R AE P ALIZ B b 28 70 b S A PR R % - SIS A — ()
4 ) LA B B R 9238 Bl AR 28 To A S B R ILIR IS B 22 0T

TT2: KREANMRKIENIIR, fEALEsiM4 o B e ki, XPAME
Lo AR, SCBCE— ([E4) PR /RiEEaitia e, YLASCECHrRIVLE S s
£ 7T

Analysis: In Example 13, it is difficult to translate the colon, because it has to be
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translated according to the context. In the TTI, translator retained the original
structure. The sentence is very long and difficult to understand. The meaning of the
colon in English is the same as that in Chinese, both of which have the meaning of
enumeration and explanation. In this sentence, the contents before and after the colon
refer to neurons, so it can be inferred that the colon here indicates enumeration, which
is hidden meaning of the colon. Therefore, in TT2, the translator adopted the method
of amplification in translation, adding “ &X' # 41 # 25 Jr 7 % % 75", and directly
expressed the meaning of the colon in Chinese characters, which made the sentence
easier to understand. The sentence after the colon in Example 13 is very long.
According to the explanation in Comparison and Translation Between English and
Chinese, it is a sentence of parallel coordination. To translate such sentences, can use
parallel conjunctions or separate them with commas. Chinese often uses short
sentences, therefore, when translating the whole sentence, the translator also adopted
the segmentation method, using commas to separate the long sentence. Therefore,
TT2 does not change the meaning of the original sentence, but also increase the

readability of the sentence.

3.3 Strengthening Coherence

The concept of discourse coherence is proposed by Halliday, which refers to the
use of implicit or explicit cohesive devices to maintain the consistency and coherence
of context semantics within sentences, between sentences, within paragraphs, and
between paragraphs (#H1:#E, 1994). Li Yunxing (2001) believes that coherence is
the discourse characteristic of words, small sentences, and sentence groups that are

conceptually and logically reasonable, and properly connected.

3.3.1 Restoration of Pronouns
English is important in the sentence structure, and the necessary components are
indispensable. Although a word has no practical significance in the sentence, it cannot

be less. Chinese pays attention to refinement. As long as the meaning is clear and the
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language is fluent, it does not care about the existence of certain components.
Whether it is ancient Chinese or modern Chinese, the frequency of using pronouns is
far less than English, or English uses pronouns far more frequently than Chinese.
Therefore, experienced translators tend to translate some personal pronouns and
demonstrative pronouns in English into the nouns that these pronouns replace, and
omit some personal pronouns and possessive pronouns, so as to maintain the normal
Chinese version and make the Chinese translation conform to the reading habits of
Chinese readers (& B34, 2019).

Example 14:

ST: A subject is asked to place the palmar surface of an index finger on an electrode.
A mild electrical shock is then paired with an audible tone. As expected, after only a

few pairings the tone alone will elicit the withdrawal reflex. What exactly has been

conditioned? Is_it the contraction of a fixed group of muscles or the behavioral act
that withdraws the finger from the noxious stimulus?

TT1: S8 ERAZAE R B8 10T 20 e Bl b o 28R R AN 10 98 R A 19
LT ) WL R O A . A BRE, LIRSS R, BRI B H e 5l
IB4E S . B4 WE? 3t — 4L e FILAA AR, 32K T4 A _E i
PER o Sl B 4T s 2

TT2: S8 EORAZ AR BRI F E 0B Ak L, 2R E R A F ol 55 m Wi D
FI SR . AHETRL JURSEE R, BN B S sl SRR T X
S B AT 2 26 A SRR W 7 P R & — A R, 2 ks T4
M PR s il 2 AT A R

TT3: SLis ERAZAE R B8 10T F 0 e Bk b, 2R E KR A 1 i e 5 m ] 0 I
FF SR . AHETRL JURSEER R, BN B S sl SRR T X
B B SEAT A S5 AF SR RINE? & — A 2 LA, 382 T8 AT 5 1
R A ES AT Bl fE?

Analysis: In Example 14, it is difficult to translate two questions, because what the
pronoun refers to is unclear. In the TT1, translator adopted a literal translation method.

The logic of the translation is not clear, which makes it difficult for readers to
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understand. The first question has no subject, and the second question has a
demonstrative pronoun “it”. Based on the previous discussion, the translator found
that both questions are asking questions about the “withdrawal reflex”. In the TT2, the
translator added the subject of the first question and indicated the pronoun in the
second question. When both were clearly translated, the translator found some
duplication. In the TT3, the translator removed the subject of the second sentence to
avoid duplication. Because the former sentence has clearly translated “.&X 7 /< 47> and
the subject of the two sentences is the same, deleting the second “X 7/ 47" does not
affect understanding, but also increases the fluency of the sentence.

Example 15:

ST: Activation of gamma motor neurons causes shortening of the polar regions of the
intrafusal fibers. This in turn stretches the central region from both ends, leading to an
increase in firing rate of the sensory endings or to a greater likelihood that the sensory
endings will fire in response to stretch of the muscle.

TT1: BiE N SEsh o S BUR N A 4ENR X it . Sead RIZ N 2 AP s L fi
r o XA, 5 SRR RV PR T L AR A, R SRR Dy e S AL PR T T
HL PRI AT AE PR K

TT2: Wi Sz s 2 oo S 8RN A 4R X 4 i LEF AT
IR T2 1) r S DX, DT S SR A P TS0 P o A<, ot JRnis AR Dy
M S AL PAY oz VT T80 P P T A P K

Analysis: In Example 15, it is difficult to translation the word “this”, because what
the pronoun refers to is unclear. In the TT1, the translator did not clearly translate
what “this” refers to, so the second sentence is difficult to understand. Compared with
the first sentence, the structure of second expression in the original text has changed.
Based on the “in turn” in the second sentence, the translator can determine that “this”
refers to something opposite to the previous sentence. In order to make the translation
easy to understand, the translator indicated what “this” refers to, translated it into 7/
ML aE ) #4567, and in order to match the first sentence, the translator

translated the second sentence in a different way. The translator also added the
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conjunction “ 4 /77 before the word “leading” to make the sentence more fluid. In the
TT2, the translator clearly translated what the pronoun “this” refers to, and the logic

of the whole sentence is more smooth and reasonable.

3.3.2 Repetition of Previous Information

Hoey believes that cohesion is largely a product of lexical relations rather than
grammar. Lexical relation is the only cohesive way that systematically constitutes
multiple relations. Lexical cohesion is the main means to create textual structure,
accounting for about 40 % of the textual cohesive ties. According to Halliday &
Hasan, lexical cohesion can be divided into two categories: recasts and collocations.
Recast refers to the repetition of the previous item in the text, including the repeated
use of the same word, synonyms, synonyms and so on. Although English and Chinese
belong to different language families, human beings live in the same material world,
their thinking modes are similar, and their thinking contents also have their
commonalities. From the perspective of discourse, the two also have their own
similarities in lexical cohesion. Therefore, textual equivalence can be achieved by
reproducing the cohesive devices of the source language in English-Chinese
translation (ZELEAK, XIHEET, 2008).
Example 16:
ST: Excited by collaterals of the axons of motor neurons, Renshaw cells make
inhibitory synaptic connections with several populations of motor neurons, including
the motor neurons that excite them and the Ia inhibitory interneurons. The
connections with motor neurons form a negative feedback system that may help
stabilize the firing rate of the motor neurons, whereas the connections with the Ia
inhibitory interneurons may regulate the strength of inhibition of antagonistic motor
neurons.
TT1: [EH40M IR el R SRR, 53 TIia sl 2 o e S ik
RAERE, AFERIECENTREa & ToH Ta MistEh ST, SEsiMa
HIERE B — DU R G, ARG e W) T i g s sh A o g 2, 1
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5 Ta $0f4E o (8]0 28 0 AR ZE2 W] REAT B 7 0 7 0 B R 32 3 4 42 T R4 5
TT2: AN 2B e RM SRR, 53 Fiasheh 2 ol d it
RfdiERE, LML o AR RS ATRIEZ S 2 To A Ta $H0VE P R R 220
EHAMM S s A T HEEIE R N U B R S, Z RS R E BT R g i)
ML TCH BRI R, JERL Ta MHIPE M2 oo ml e A Bh T xS stk s shi e
T R

Analysis: In Example 16, it is difficult to clarify the logic of the text, because some
information is omitted in the text. In the TT1, the translator adopted literal translation.
The translation did not add any information. After reading it several times, the
translator found that the logic of the translation was not clear and difficult to
understand. According to “the motor neurons that excite them and the la inhibitory
interneurons”, this is related to the information “several populations of motor
neurons”. Therefore, in the TT2, the translator added “ X ££7# 2% 75> before the word
“#47%. In the second sentence of the translation, the subject is not complete. The two
elements can form a connection. According to the previous sentence, the intercalated
cells and motor neurons form a connection. Therefore, in order to make the sentence
complete, the translator added * /7 27 2 . The logic of TT2 is clear and easy for
readers to read and understand.

Example 17:

ST: The Ia axons in reflex pathways also provide excitatory inputs to many of the
motor neurons innervating synergist muscles (up to 60% of the motor neurons of

some synergists). Although widespread, these connections are not as strong as the

connections to homonymous motor neurons.

TT1: SHEEE ) Ta Fl R4 SCAC I RILI VF 2 8 3w & e fe 4 a TN

Horp— s RIS SRR L TE Ik 60%. SRR LR G2, B 1A I

LIS BN TG IR 1 R

TT2: S5 8 ) Ta SR SCRC R R LI VE 238 B i 28 oS AR A PR N,
Horp— e FALKEE S 2 Te L 60%. RERIEMZL TS Bizte2 TR

BNz, BTSN E] 44 18 B 0 48 0 A (R T R
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Analysis: In Example 17, it is difficult to deal with the word “connections”, because
the information is incomplete. In the TT1, according to the source text content literal
translation, but in the process of proofreading found that if literal translation, the
reader does not know how to form the connection. The translator found the word
“connections” in the sentence “In all reflex pathways in the spinal cord the sensory
neurons form divergent connections with a large number of target neurons through
extensive branching”. From this sentence, we know that the sensory neurons and
target neurons form a connection. This sentence is far from the example sentence in
the original text. Readers are likely to have forgotten the previous sentence when they
read the latter one. In order to make the sentence more fluent and easier to understand,
the translator added “ &% #1245 755 H #5 #1145 70 /E 119 £ here. This makes the

logic of TT2 more logical and complete.
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Chapter 4 Conclusion

In this translation practice, the translator analyzes the source text according to
the differences between English and Chinese languages and the characteristics of
scientific English. In translation, the translator mainly adopts the translation strategy
of scientific English. In this process, the translator has deepened his understanding of
the differences between English and Chinese languages, and mastered the translation

methods more skillfully.

4.1 Proofreading

Detailed proofreading is an indispensable part of the translation process. The
content of this translation practice is long and contains certain professional fields.
Therefore, in the process of translation, there will inevitably be some subjectivity or
mistakes. Therefore, after completing the translation, the author has carried out three
rounds of proofreading in order to improve the quality of the translation. The specific
proofreading process is three rounds of self-proofreading, intra-group proofreading
and mentor proofreading.

First of all, self-proofreading is carried out to check whether there are obvious
errors in the details of the translation, such as punctuation, font size, mistranslation
and omission, and inaccurate verification. Secondly, the group members proofread the
translation. In this process, the readability of the translation is emphasized. The group
members first do not read the translation through the original text, and the group
members mark the incomprehensible places or the places where there is room for
modification, and then make translation proofreading according to the original text,
brainstorm, discuss translation problems, and improve translation quality. Finally, it is
proofread by the mentor, mainly putting forward suggestions for some complex
sentence patterns and key and difficult problems, and annotating the problems of the
translation. On this basis, the author polishes and perfects the translation, and finally

finalizes it through repeated revisions.
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4.2 Gains

Translation is a work that needs continuous learning and accumulation. Through
this translation practice, the translator has learned a lot of knowledge. First of all, the
translator's linguistic skills were improved after this translation practice. The
translator gained a lot of knowledge in the field of neuroscience, understood the
principles and functions of spinal reflexes, increased her vocabulary in the field of
neuroscience, and learnt a lot of specialised vocabulary and English expressions. The
linguistic features of scientific English were learnt, and the grammatical structure and
syntactic features of the source language were deepened, which will provide a
reference for the practice of Chinese-to-English translation thereafter.

Secondly, the translator's logical thinking and reasoning ability is improved.
Scientific and technical texts often contain complex logical relationships and technical
details, which require the translator to have strong logical thinking and reasoning
ability. Through translation practice, translators exercise their logical thinking ability,
better understand the meaning and intention of the original text, and accurately
convey them to the target language readers.

Thirdly, through this translation practice, the translator's problem-solving ability
is also enhanced. During the translation process, the translator encounters a lot of
problems and difficulties, and through various enquiries into various materials and
revising the translation, the translator's problem-solving ability and patience in
dealing with problems are enhanced.

In conclusion, the gains of this translation practice are manifold, which can not
only improve the translator's language ability and professionalism, but also enhance
the problem-solving ability. These gains are of great significance to translators'
personal growth and professional development.

4.3 Limitations

Although this translation practice has been completed, some problems in the

translation process cannot be solved. First of all, the translator knows little about

neuroscience. When encountering terms that cannot be found in the online database,
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the translator can only translate them according to the definitions and similar terms
mentioned in the original text, and cannot be sure that the translation is completely
accurate. The translator reads a small number of neuroscience-related texts, and it is
not guaranteed that all the words are in line with the habits of the field of neurology.
Because some common words in the field of neurology have similar meanings to
those in the general field, but the statements are different.

Secondly, the translator 's translation ability needs to be improved. The translator
does not fully grasp the translation skills, and the differences between English and
Chinese are not very complete. This requires the translator to accumulate translation
experience and learn knowledge constantly.

Third, at present, the teaching of English translation for science and technology
only stays at the language level, lacking the combination with practical needs and
interdisciplinary cooperation. This makes it difficult for students to acquire a
comprehensive knowledge system and comprehensive quality training. Translation

teaching should also strengthen the cooperation between schools and enterprises.
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Appendix

Appendix I: Glossary

Fr £3'8 H13C

1 Actin Wzh & B

2 Action potential IE AL

3 Alpha motor neurons Bl JRiEIs Bt 4 T
4 Amphibian Ik

5 Angular momentum s

6 Angular motion A i3

7 Antagonistic muscle TP

8 Arc N2k

9 Axon R

10 | Ballistic SHLTE

11 Beta axon B3R

12 Biceps brachii I — =KL

13 Binding protein e EEm

14 Brain stem fii

15 Calcium pump ES

16 Central nervous system XA R G5
17 Central neurons HRXHRZE TG

18 Cerebral cortex KW Rz J7

19 Collagen R H

20 Collateral sprout axon = H 27 il 5%
21 Corticospinal kg

22 Cranial nerves P22
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23 Crossed-extension reflex XA e JUL s

24 Cutaneous receptors R IR 52 2%

25 Dark band i

26 Decerebrate v. 2=, VIBRKIN n.Z2xizh
26 Dorsal roots AR

27 Electromyogram EERINE

29 | EMG L]

30 EPSP AN kN LSRR VA
31 Extensor fHL

32 Extrafusal muscle fibers A2

33 Flexion-extension Je

34 Flexor JE AL

35 Gamma motor neurons Sz h oo
36 Gastrocnemius JHER AL

37 Golgi tendon organs R B

38 Hering- Breuer reflex SIEn]

39 Interneuron ERIETRL E2pw

40 Intrafusal fibers N T4

41 Joint K

42 Klippel-Feil syndrome SRR IR -2 IR EREAIE
43 Mammal L34

44 Monosynaptic Pathway TR A i %

45 Motor neuron IEFMATT

46 Muscle fiber membrane JULET 2 b

47 Muscle fibers WL £ 4

48 Muscle spindle ill v

49 Muscle Spindles WAL WL

50 Nuclear bag fiber A8 A4
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51 Nuclear chain fiber BELT 4

52 Polysynaptic pathway EZN LBliTE

53 Renshaw cells E] 2 4 it

54 Sensorimotor loop RS e EZN
55 Sensorimotor system Is s R4t
56 Sensory axons of the peripheral nerve | J& [l #1258 J8 5 $if 58
57 Sensory feedback J&DE [ it

58 Sensory Feedback Delays S R IR
59 Sensory nerve endings SR 22 KA
60 Sensory signals AT

61 Servomechanism GlERN

62 Soleus bt H il

63 Spasticity AR

64 Spike-triggered averaging B LA i P32
65 Spinal A 1B A
66 Synapse R firh

67 Synaptic current R fid FEL VAL

68 Tactile sensations fiph i

69 Tendon jerk T s 5%

70 Tendon reflexes JULIE s 3f

71 Tendon-jerk reflex JULTE 4% ST
72 Vertebrate BHEZY)

73 Voluntary movements HFiz3)
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Appendix II: The Source Text and the Target Text

Source Text

Target Text

Spinal Reflexes

AL

Reflexes Are Adaptable to Particular Motor

Tasks

S AT L3 R4 5 [ IE s AE
%

Spinal Reflexes Produce Coordinated Patterns

of Muscle Contraction

B8 B 2 W UL
At

Cutaneous Reflexes Produce Complex

Movements That Serve Protective and

Postural Functions

A= ke, i
BRIP4 )1

The Stretch Reflex Resists the Lengthening of

a Muscle

OO E T INSEDALIBURS

Local Spinal Circuits Contribute to the

Coordination of Reflex Responses

J S B I T B T DD U
5

The Stretch Reflex Involves a Monosynaptic

Pathway

2 5K IS SRS 0,475 B R i e

la Inhibitory Interneurons Coordinate the

Ta 00 14 Fh [R) e 2 oo R i i

Muscles Surrounding a Joint R JE LA
Divergence in Reflex Pathways Amplifies | S5 % 1 R S OR B
Sensory Inputs and Coordinates Muscle | i A FH WL AW 4A

Contractions

Convergence of Inputs on Ib Interneurons

Increases the Flexibility of Reflex Responses

kK Bk 2 1 4 N AE b H (A
M e DA, BEIn T &
SR I ) RV

Central Motor Commands and Cognitive
Processes Can Alter Synaptic Transmission in

Spinal Reflex Pathways

P X IZ B 48 A F G FE T
Il A4 B 0
fi A% 1%

Central Neurons Can Regulate the Strength of

HRHX e 22 76 BE A S S 6 1)
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Spinal Reflexes at Three Sites in the Reflex

Pathway

= HANE Y R s A Y 5
JZ

Gamma Motor Neurons Adjust the Sensitivity

of Muscle Spindles

1in By 3z 3h 22 76 1 5 LR Y
U

Proprioceptive Reflexes Play an Important

AR AL SR AR T TR RS

Role in Regulating Both Voluntary and | )l H Fig s it & 2 AE
Automatic Movements H

Reflexes Involving Limb Muscles Are | B HLIAI ) S5 A2 8 i F 6
Mediated Through Spinal and Supraspinal | F1#8 b 1B KA S 11
Pathways

Stretch  Reflexes  Reinforce  Central | Z=5K I S sk 112 2l 1 4K
Commands for Movements 84

Damage to the Central Nervous System
Produces Characteristic Alterations in Reflex

Response and Muscle Tone

AR 2 2 G I AR I
5 B L ATHILIA 5K A7 (s ik

Interruption of Descending Pathways to the

Spinal Cord Frequently Produces Spasticity

AH T (TR R N 2 5
B

Transection of the Spinal Cord in Humans
Leads to a Period of Spinal Shock Followed

by Hyperreflexia

N B i 5 2R B EA
Rya I, BE B Ut
AR

During purposeful movements the central
nervous system uses information from a vast
array of sensory receptors to ensure that the

pattern of muscle activity suits the purpose.

A HEsr, e
ARG KRR B KL 2 AR
M5, LA ORILIAE 3
R E H I,

Without this sensory information movements
tend to be imprecise, and tasks requiring fine
coordination in the hands, such as buttoning

one's shirt, are impossible.

IR BA XK GEAE , 3
TEAEAEANKG e, i AR £ 75 22
T FEn i 1 zh 8, bt
A2, AT RESE

Charles Sherrington was among the first to

TR o W R (Charles
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recognize the importance of sensory

information in regulating movements.

Sherrington) s&f&F AR E]
B s BAE R Eshh B A

HEFERMANZ

In 1906 he proposed that simple

reflexes-stereotyped movements elicited by
activation of receptors in skin or muscle are

the basic units for movement.

1906 4, A #2 H &7 58 S5
S R TR EROUL A ) ek
52 f I B AE 51 1 [ g 3B 3l
S B R AR AT

He further posited that complex sequences of
movements can be produced by combining
simple reflexes. This view guided motor

physiology for much of the 20th century.

fiie gt — R, "R
) Fp 51 AT DL I 45 5 ] 5
S AR o XU AR 20
20K KRy I8 18] L 4R R 18
G,

The view that reflexes are automatic,

stereotyped movements in response to
stimulation of peripheral receptors arose
primarily from laboratory studies of reflexes
in animals with central nervous system

lesions.

A o Xt X e 2 2 451 ) B A
BEAT IS SE A5 Y — A 45
W, SRR I R
B2 EE, WA B 30
ZI I ZNAE o

Once investigators began to measure reflexes
in intact animals engaged in normal behavior,
ideas about reflexes changed. We now know
that reflexes are flexible, that under normal
conditions they can be adapted to a task. The
prevalent view today is that reflexes are
integrated by centrally generated motor
commands into

complex adaptive

movements.

E L IWNAIR =10 b NS
YIRIAT B, kT R
AL 1. FATIAE R
B R RE I, AR
LN EATAT UG NAE S .
BN, S X
e RIS s RS B A
JR ) B R R E N I 5

In this chapter we consider the principles

underlying the organization and function of

AR R, FATHF A2 R
S P= AR B R 5 T T
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reflexes, focusing on spinal reflexes. The
sensory stimuli for spinal reflexes arise from
receptors in muscles, joints, and skin, and the
neural circuitry responsible for the motor
response is entirely contained within the

spinal cord.

e, EARABR.
S SRR LA
YT R 2 3%
B RS L B 52 A
AP

Reflexes Are Adaptable to Particular Motor

Tasks

S5 Rl PATE BT € 3B 3
%

A good example of the adaptability of
reflexes is how certain reflexes change in
response to stretching the wrist muscles.
When a person is kneeling or standing the
stretched muscles contract, but muscles in
other limbs also contract to prevent a loss of
balance. Interestingly, the reflex response of
the elbow extensor of the opposite arm

depends on how that arm is being used.

R MR, S
S5 St It A M #eS AL A £ R T
A 2N B Bt 5L
I, AR LA 2 i,
At DO J T L AT A8 2 Whc 4 LA
bRl HiR R, Xt
0 5 e L ) B A8 e Iz
REZFE A 52

If the arm is used to stabilize the body by
holding the edge of a table, a large excitatory
response in the elbow extensor muscle resists
the forward sway of the body. If the arm is
instead holding an unsteady object such as a
cup of tea, reflex inhibition of the elbow

extensors prevents movement of the cup.

WRFERE R THIA%K
FasE Sk, ARl 7 A
S0 A (% A SN, PARH IR B
HIET. MR TEEE
—IAFRERME, i
A RS IR B S 2 Bl
1L 752350

Another example of adaptability is the reflex
of finger and thumb flexor muscles in
response to stretching thumb muscles. If a

subject rhythmically taps the tips of the index

&R 7 — A R TR
AR e UL R4 AL AR e
Ro WERRAREAT =M
M R ARRRR, JIf
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finger and thumb to each other, and flexion of
the thumb is resisted, a short-latency reflex
response is produced in both the finger and

thumb flexor muscles.

HARHE I 32 2T, F
TR AR L2 7 28— Fh
TR S S S o

As a result, the reflex in the finger flexor
muscle produces a larger flexion movement
of the finger to compensate for the reduced
flexion of the thumb and ensure the
performance of the intended task. If the
subject is simply making rhythmic thumb
movements, a reflex response is produced

only in the thumb flexor muscle.

DL, 98 LA SO =
PRAE TR JE #E s, PR
ARG JE b, TR R
UL 55 AT« AR 32
ER YA R EE R E O
frizzlh, BN H 2 7 1
=D NG Sl o

Reflex responses are often complex and can

change depending on the task.

Bt e NIEHARE 2%, FH
ZBEE AR HIA R T2 .

Perturbation of one arm causes an excitatory
reflex response in the contralateral elbow
extensor muscle when the contra-lateral limb
is used to prevent the body from moving
The same

forward by grasping a table.

stimulus produces an inhibitory response in

2 FH X0 B AR T 27 B 1

Sk, FERK

B2 51 R R 51 A UL
PSS

=40 T 5 e K B T

I, RV R R B A2 LA

the muscle when the contralateral hand holds | 7= 2 fjii) iz W .

a filled cup.

Loading the thumb during a rhythmic | 7/£— R ¥|H W= TEIZ 5]
sequence of  finger-to-thumb  pinching | #, 8 T = 7E &L

movements produces a reflex response in the
finger muscle as well as the thumb muscle.
The additional movement of the finger

ensures that the pinching movement remains

accurate. The blue area in the electromyogram

PRIREFE L P o 7= A S
7o AR I AdE B i R AR
HiEgh k. UL E
(EMG) csgeH B i £ X ek
N R R o

39




TRUCAE R L 2 3

(EMG)records indicates the reflex response.

A third example of adaptability is the

e I B8 B — A 8] 1 e S i

conditioning of the flexion-withdrawal reflex.

[t o GBI AT S, RIRE

Flexion-withdrawal can be associated with an

auditory tone by classical conditioning (see

JiEi it 55 I ARG R (L5
65 &) o SLI EORAZIRH R
ik 1Y) Gz P

Chapter 65). A subject is asked to place the

palmar surface of an index finger on an

JE R AN o 5 ] W AL

electrode. A mild electrical shock is then

P R AR AT . AN TR

paired with an audible tone. As expected,

JLIRSE S e, B2 W B P 5

after only a few pairings the tone alone will

Bl SR G S IX AR

elicit the withdrawal reflex. What exactly has

o B i R A 2 26 A 51

been conditioned? Is it the contraction of a

W ? s — 20 [ 5 i LA

fixed group of muscles or the behavioral act

A, 36 AR MR

that with-draws the finger from the noxious

Sl B AT A fE?

stimulus?

This question can be answered by having the
subject turn his or her hands over after
conditioning is complete, so that now the
dorsal surface of the finger is in contact with
the electrode. Most subjects will withdraw
their fingers from the electrode when the tone
is played, even though this means that the
opposite muscles now contract. Thus, the
conditioned response is not merely a

stereotyped set of muscle contractions but the

elicitation of an appropriate behavior.

A LU T R 59 [ I A
] e A2 T AE 5 A THT Y
i m, IEHEENT, fE
TARIE 5 iR . =
FENGE, KZHZAE S
R PR AN Ehlidi ok, X
BRI LA 2
Pk, AR A A —
B2 WL, e
Tl 24T AR

Three important principles are illustrated by
these examples. First, neural signaling in

reflex pathways is adjusted according to the

KU T = A E B
Wlo 85, SR I B A

255 2 RIEB e S AT
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motor task. The state of the reflex pathways
for any task is referred to as the functional set.
Exactly how a functional set is established for
most motor tasks is largely unknown, and
unraveling the underlying mechanisms is one
of the challenging areas of contemporary

research on motor systems.

WEE . A S5 0 B i it
RN i OSRILi 1E SSE g
Ditht, RE2HOEIMESH
ThRe S T 5L 1, IXAE
RARREE ERARFM, 146

Hig L2 S issh &
ik SU i) — A B A Hh bl 1)
Uk .

Second, sensory input from a localized source

generally produces coordinated reflex
responses in several muscles at once, some of
which may be distant from the stimulus.
Third, supraspinal centers play an important
role

in modulating and adapting spinal

reflexes, even to the extent of reversing

movements when appropriate.

A ——

2 RE R RESERA
— R AEJLHVL A o R I 7
AR R SO R, e —
el e R REAIIRIZ . =,
B8 L 11 mP R e 22 AR R A
G N AR B TR 5 A
TR, HEAEE S 1A%
QYIS UL S o

To understand the neural basis for reflexes
and how they are modified for a particular
task, we must first have a thorough
knowledge of how reflex path ways are
organized in the spinal cord. Although under
nor-mal conditions descending central
commands directly shape spinal reflexes,
many qualitative features of spinal reflexes
are maintained after complete transection of
the spinal cord, a condition that isolates the

spinal circuits from the brain.

N T TR [ 22 2 itk DA
e AT W] s g (A 55
MR, E5E, BATLAR
Gxif] AR HE TR 0 B E
FEUNT TR R o 7R IEH 16 5L
T, BT TTIRLREE
B E BN, (B HE

SEAGINTR . H RV
2 PRHE S L ARR it
A A

Spinal Reflexes Produce Coordinated Patterns

of Muscle Contraction

B8 B AR L AL 4 £
PR
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Cutaneous Reflexes Produce Complex

Movements That Serve Protective and

Postural Functions

eSSt e AR B R s Bl 2
DRI 1 (R4

A familiar example of a spinal reflex is the
flexion withdrawal reflex, in which a limb is
quickly withdrawn from a painful stimulus.
Flexion-withdrawal is a protective reflex in
which a discrete stimulus causes all the flexor
muscles in that limb to contract coordinately.
We know that this is a spinal reflex because it
persists after complete transection of the

spinal cord.

BB 1 — AN H W52
Jost fHT S, AR IR S
B AR MR R (1 R i i
o J il A2 — R ORI S
FEIRX B, — 18] i 14
Rz 3 OB AR B B T L
PR s . AT FIIER 2
RO E RS g e, A
il SR TS IRAFAE o

The sensory signal activates divergent
polysynaptic reflex pathways. One excites
motor neurons that innervate flexor muscles
of the stimulated limb, whereas another
inhibits motor neurons that innervate the
limb's extensor muscles (Figure 35-2A).

Excitation of one group of muscles and

inhibition of their antagonists-those that act in

LS SRS T A Z
fi S S A o — RIS
e 52 0 B A Jet L ) 32 5
MLETT, 1M — Rz 2
LT, IR TeSCRC L
PRIAL (B35-24) « B R
BT 0 B A L #4852
. - A NLA, )

i

the opposite direction-is what Sherrington

WL A A S 7y (1] 3 2 [ 4

called reciprocal innervation, a key principle

of motor organization that is discussed later in

this chapter.

FUL. i REEE LA
SRR, AE AN AT
HEAT R

The reflex can produce an opposite effect in
the contralateral limb, that is, excitation of
extensor motor neurons and inhibition of
flexor motor neurons. This crossed-extension

reflex serves to enhance postural support

J52 A o 0 A ) 7 2 AR
MR, RISOR LIz
2276, Wl s 2T,
XA AZ X7 5K A A
T B R o i
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during withdrawal of a foot from a painful
stimulus. Activation of the extensor muscles
in the opposite leg counteracts the increased
load caused by lifting the stimulated limb.
Thus, flexion-withdrawal isa complete, albeit

simple, motor act.

HH B 58 22 55 S HF o B X
0 e 78 1 JUL RT AR T DR 32 2
& 0 R B AR TG N f 4
fif o PRI, o HiT o — ] 5
E5e R izshz i

Although flexion reflexes are relatively
stereotyped, both the spatial extent and the
force of muscle contraction depend on
stimulus intensity, Touching a stove that is
slightly hot may produce moderately fast
withdrawal only at the wrist and elbow,
whereas touching a very hot stove invariably
leads to a forceful contraction at all joints,
leading to a rapid withdrawal of the entire
limb. The duration of the reflex usually
increases with stimulus intensity, and the

contractions produced in a flexion reflex

always outlast the stimulus.

RO SO AR 20 {E
JULPA S 4 £ 2 1) e AN 7
HR IR TR oo o e fioh—
AT R RE 2 R R
bR s, (AN ST
JAN RS & A, T e — A
FEH AP 7N = 2B
R 5R AU i, AT 3 2R
BA AR PR S S
R 2 1) IS 1) 36 H I 2 R
JE PRI R ot 40 i e e S
S 7 A AR W A o LR
BRI A

Because of the similarity of the
flexion-withdrawal reflex to stepping, it was
once thought that the flexion reflex is
important in producing contractions of flexor
muscles during walking. We now know,
however, that a major component of the
neural control system for walking is a set of

intrinsic spinal circuits that do not require

sensory  stimuli  (see  Chapter  36).

Nevertheless, in mammals the intrinsic spinal

H T il S A 5 AR AL
N — FEENRTE AT IS
o Jee L= AR US4kt i i s S
IR, SR, FRATELAE SN
1, 1TEMMEEHRAM
— AN FEHAR S, 28
AN 5 SRR SR [ A
[l 2% (W5 36 %) . SR1, 1E
WAL, AT AE Y
HHEBER EILE S5 S
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circuits that control walking share many of
the interneurons that are involved in flexion

reflexes.

it S 1 Hh a4 22 e

The Stretch Reflex Resists the Lengthening of

a Muscle

Z 5K S BT IE LA IS FE R K

Perhaps the most important-certainly the most

B S — AR s

studied-spinal reflex is the stretch reflex, a

BVLA A i, I

lengthening contraction of a muscle. Stretch

reflexes were originally thought to be an

ot VF AR B, AR
MR W . NI N

intrinsic property of muscles. But early in the

last century Liddell and Sherrington showed
that they could be abolished by cutting either
the dorsal or the ventral root, thus establishing
that these reflexes require sensory input from
muscle to spinal cord and a return path to

muscle (Figure 35-2B).

72 5K I S 2 LA 1 T A ORS
Mo (HJRTE BN 20 L,
Flf/R (Liddell) Figh R i
(Sherrington) HtifRH, i
YW AR, st mr
THERIX RN, X — R
B € 11X L8 S A R UL
B REM RN, LA E
LD F) i [ 2% 4% (K] 35-2B) o

Spinal  reflexes  involve  coordinated

contractions of numerous muscles in the

limbs.

Bl S S Y AR 2 LA
B IR W 4

Polysynaptic pathways in the spinal cord

mediate flexion and crossed-extension

reflexes. One excitatory pathway activates

motor neurons that innervate ipsilateral flexor

muscles, which withdraw the limb from

noxious stimuli. Another pathway

simultaneously excites motor neurons that

innervate contralateral extensor muscles,

AT 2 R B A

pe A0 AR AL S S o — %
B P G SR R ) L
izshthes e, BT e
A FARB 3R i [F] i
SR 4eR L ) 3 sl
2270, R I RS
FF o I T e 22 o O
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providing support during withdrawal of the
limb. Inhibitory interneurons ensure that the
motor neurons supplying antagonist muscles

are inactive during the reflex response.

BENFE S I B 42 e (E
B S S TR AN R o

Monosynaptic pathways mediate stretch

reflexes. Afferent axons from muscle spindles

AL E B 2 SRS
K BVR B NBH TR, fEP

make excitatory connections on two sets of

Hizghpize oo g ek

motor neurons: alpha motor neurons that

innervate the same (homonymous) muscle

SCARfE — (R4 ) WLEBATR

from which they arise and motor neurons that

s st oe, PSR

innervate synergist muscles. They also act

through interneurons to inhibit the motor
neurons that innervate antagonist muscles.
When a muscle is stretched by a tap with a
reflex hammer, the firing rate in the afferent

fiber from the spindle increases.

NS A T, EA1E

it 3o [ e 22 6 SR A i SRR
ptimieshfizoo. M
J52 At ek AL A7 ZE UL A
IR, SR B LR B A% A 2T 4
¥ 4% S d A I

This leads to contraction of the same muscle
and its synergists and relaxation of the
antagonist. The reflex therefore tends to
counteract the stretch. enhancing the
spring-like properties of the muscles. The
records on the right demonstrate the reflex
nature of contractions produced by muscle
stretch in a decerebrate cat. When an extensor
muscle is stretched it normally produces a
large force, but it produces a very small force
(dashed line) after the sensory afferents in the

dorsal roots have been severed.

RFECTF WU R B [F]
U= s T8 1 AE 5L
PR, 3R S S AR AR 2 AT
Pofi, BESRULA R SRPE. A
WSS 1A R A5
J08 JULPA L Ao s 7= 2 1) B S 1
Wee . UL,
War - MRRK T, B
T EAR A A )
Wijm, Exr MR
aR

We now know that the receptor that senses the

BABAEE, BaKED
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change of length is the muscle spindle (Box
35-1) and that the type la axon from this
receptor makes direct excitatory connections
with motor neurons. (The classification and
nomenclature of sensory fibers from muscle

are discussed in Box 35-2.)

o) K % A R LR (HE
35-1), iZZAAH Ta B4R
iz ghph & oo A B %
e (7 HE 35-2 vt
T LIRS 2T 4 1) 43 2 R0 iy
%)

The afferent axon also connects to

interneurons that inhibit the motor neurons
that innervate antagonist muscles, another

instance of reciprocal innervation. This

inhibition prevents muscle contractions that

might otherwise resist the movements

produced by the stretch reflexes.

VAR A N Jh 5008 3 5 Bl
IR EETT, IX 2L ] 4 242 T
i SCRCHS UL sh i 4
TG, XA H ARSI 5
— M T XA A BE
1k 7 LAY s, 75 UL AT
46 7T RE AP KON 7 AR
1igzh.

Sherrington developed an experimental model
for investigating spinal circuitry that is
especially valuable in the study of stretch
reflexes. He conducted his experiments on
cats whose brain stems had been surgically
transected at the level of the midbrain,
between the superior and inferior colliculi.
a decerebrate

This is referred to as

preparation.

W RWOT R T —F T
A B S A, %A
RULERIE FE 78 5K IS S 7 TR Sl
AU E. e B EREAT 2
B, IXERR TR AT T4
BHRA, RV AR G ) b Fe A
NEZ IR R X AR
NEMHE

The effect of this procedure is to disconnect
the rest of the brain from the spinal cord, thus
blocking sensations of pain as well as
interrupting normal modulation of reflexes by
higher brain centers. A decerebrate animal has

stereotyped and usually heightened stretch

KRR O TR R (1
AR 5 REOIT, TR
WP (KL, I I K
el 20 HORR LR TR SO R T
L B AT 2B 225K &
S, SR I 5 R Y 2
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reflexes, making it is easier to examine the

factors controlling their expression.

DRI B 2 o s 4 | HL e
IR E .

Without control by higher brain centers,
descending pathways from the brain stem
powerfully facilitate the neuronal circuits
involved in the stretch reflexes of extensor
muscles. This results in a dramatic increase in
extensor muscle tone that sometimes suffices
to support the animal in a standing position,
In normal animals, owing to the balance
between facilitation and inhibition, stretch
reflexes are weaker and considerably more
variable in strength than those in decerebrate

animals.

U SRBAT v R P X
i, KRBT MMTiER S
A 713l Bt KA L2 5K S
SRR 2 TG (el B . X5 B
WLk 77 525 B9, A7 2 B
SCHEEBNYINE L. TEIE W EN)
e, l R AT A 2 TA]
A, AESK BN LK B )
gy, 15 R AR LR L
[ R ERRZ .

Box 35-1 Muscle Spindles

HE35- 1R

Muscle spindles are small encapsulated
sensory receptors that have a spindle-like or
fusiform shape and are located within the
fleshy part of a muscle. Their main function is
to signal changes in the length of the muscle
within which they reside, Changes in length
of muscles are closely associated with
changes in the angles of the joints that the

muscles cross. Thus muscle spindles are used

BRI — /I PR A B0 2 1 JRK
2w, ROEEMRIY, AT
WA AR . EATHE
IR, HHAEMILIA
KRR AR, Bk
55 WIAKERMZLS I
AR SRR 2R 1T A P ) AR A
VIR, DRk, A &
SN AL b S A s

by the central nervous system to sense

relative positions of the body segments.

AN

o

Each spindle has three main components: (1)
a group of specialized intrafusal muscle fibers

with central regions that are

FEANIRAE = A T ZEA:
(1) —4LRFPBR IR A 21 4, H
s XA ; (2) e 2T
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noncontractile;(2)sensory fibers that terminate
in the noncontractile central regions of the
intrafusal fibers; and (3) motor axons that
terminate in the polar con-tractile regions of

the intrafusal fibers (Figure 35-3A).

4, HA&IETRAAYERE
e 4 0 X35 (3) 32 Bl Fil
R, &I TRAGHERHRE
e 4 X 35 (1] 35-3A) .

When the intrafusal fibers are stretched, often
referred to as "loading the spindle," the
sensory nerve endings are also stretched and
increase their firing rate. Because muscle
spindles are arranged in parallel with the
extrafusal muscle fibers that make up the
main body of the muscle, the intrafusal fibers
change in length as the whole muscle
changes. Thus, when a muscle is stretched,
activity in the sensory endings of muscle
spindles increases. When a muscle shortens,

the spindle is unloaded and the activity

decreases.

2 N AT YR Bl Rl Gl
AR “ A 91 HER D
JEGE A 2 AR AR 2 R
M EE. B TIREM
JRNLIA LA (AR A1 21 4P AT
A, [RIBEAR A 2T 4E 1K
i S I AT AT S A
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MWLA GRS, IR K2 1
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The intrafusal muscle fibers are innervated by

gamma motor neurons, which have
small-diameter myelinated axons, whereas the
extrafusal muscle fibers are innervated by
alpha motor neurons, with large-diameter

myelinated axons. Activation of gamma

2 P 4 T I B B R
Fl 4 25 3% 5 b 2 G AL
He T 4 1K T A R i
FAY B/ 52 B o 20 7 SR«
e AT SE

PR PN AT A X A o T A1

motor neurons causes shortening of the polar

regions of the intrafusal fibers. This in turn

£3

IR LY

212 1) e X 3, AT 3 5

stretches the central region from both ends,

leading to an increase in firing rate of the

IR R o

<i H,
B TR A A AP S JUL A 7

sensory endings or to a greater likelihood that

Aep T SRR B R BE TR K. A
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the sensory endings will fire in response to

stretch of the muscle. Thus the gamma motor

neurons adjust the sensitivity of the muscle
spindles, Contraction of the intrafusal muscle
fibers does not contribute significantly to the

force of muscle contraction.

A B 38 B 22 0 23 1 L
RIBURRE . AR N 4R 4R
e i 3ot AL PIWAL 46 77 FRD 52 1 AN
N

The structure and functional behavior of

muscle spindles is considerably more
complex than this simple description implies.
When a muscle is stretched the change in
length has two phases: a dynamic phase, the
period during which length is changing, and a
static or steady-state phase, when the muscle
has stabilized at anew length. Structural
specializations within each component of the

muscle spindles allow spindle afferents to

signal aspects of each phase separately.

BRIWLE Z5 K ATy BEAT J B A
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Iy, AR AT AN B
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B HAE T

There are two types of intrafusal muscle
fibers: nuclear bag fibers and nuclear chain
fibers. The bag fibers can be divided into two
groups, dynamic and static. A typical spindle
has two or three bag fibers and a variable
number of chain fibers, usually about five.
Further-more, the intrafusal fibers receive two
types of sensory endings, A single la (large
diameter) axon spirals around the central
region of all intrafusal muscle fibers and
serves as the primary sensory ending (Figure

35-3B). A variable number of type 1 (medium

BRI AT A PRl A % 48
LU FAZRE LT S . 48 L4
F 5 B A A S WK
—ANBRAE LR A 5 B =Fh
LR A YA E A T EEIR
rHdE, WELA DM Ak,
RN YA PSR A . B
A Ta (KEAR) IR — K
WA, GeE AR N T
O X B g % (18] 35-3B) .
HEASH T HOhLERZ)
B R, AL T
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diameter) axons, located adjacent to the
central regions of the static bag and chain

fibers, serve as secondary sensory endings.

A AR 2T Gl A BEIR 2T 28 1
H e XTI

The gamma motor neurons can also be
divided into two classes: Dynamic gamma
motor neurons innervate the dynamic bag
fibers, whereas the static gamma motor
neurons innervate the static bag fibers and the

chain fibers.

i iz shap 28 o B w] 73 9
&M Sieshth s
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BRI TE SRR S AR T
YEANBEINET 4

This duality of structure is reflected in a

S ol 45 4] P X A 1 AR BILAE Ty

duality of function. The tonic discharge of | REMIXTAH M . — R F — 2%
both primary and secondary sensory endings | &% A< A5 F S5 5K P A3 EE sz

signals the steady-state length of the muscle.
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The primary sensory endings are, in addition,
highly sensitive to the velocity of stretch,
allowing them to provide information about
the speed of movements. Because they are
highly sensitive to small changes, the primary
endings rapidly provide information about
sudden unexpected changes in length, which
can be used to generate quick corrective

reactions.

250 e i AR A Xt UL A A )
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Increases in the firing rate of dynamic gamma

motor neurons increase the dynamic
sensitivity of primary sensory endings but
have no influence on secondary sensory
endings. Increases in the firing rate of static
gamma motor neurons increase the tonic level

of activity in both primary and secondary

BE NN A 38 3w 22 70T
HL A AT AR e — R o AR A 10
AR, (EX KL
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BRI IO R 2N —
AN — IR E AR B B KA
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sensory endings, decrease the dynamic
sensitivity of primary endings (Figure 35-3C),
and can prevent the silencing of primary
endings when a muscle is released from
stretch. Thus the central nervous system can
independently adjust the dynamic and static
sensitivity of the different sensory endings in

muscle spindles.

AR (B 35-30), JF
A LABS (LA A G — 2R
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Figure 35-3 The muscle spindle detects

changes in muscle length.

Kl 35-3 JULAR K I UL A & B
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The main components of the muscle spindle
are intrafusal muscle fibers, afferent sensory
endings, and efferent motor endings. The
intrafusal fibers are specialized muscle fibers
with central regions that are not contractile.
Gamma motor neurons innervate the
contractile polar regions of the intrafusal
fibers. Contraction of the polar regions pulls
on the central regions of the intrafusal fiber
from both ends. The sensory endings spiral
around the central regions of the intrafusal
fibers and are responsive to stretch of these

fibers.

IUAR 1 28 B Ry S AR A £F
Y. BN R A RIE s
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The muscle spindle contains three types of
intrafusal fibers: dynamic nuclear bag, static
nuclear bag, and nuclear chain fibers. A single
la sensory axon innervates all three types of
fibers,

forming a primary sensory ending.

Type 1l sensory axons innervate the nuclear

IR L5 =FiR N T 4E: 3l
SRR YE, BRI Y,
RRBELTYE . A la LR
IR =R 4, B
R R AR TT RUKSE
R SO AL B LT HE N B 5
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chain fibers and static bag fibers, forming a
secondary sensory ending. Two types of
motor neurons innervate different intrafusal
fibers. Dynamic gamma motor neurons
innervate only dynamic bag fibers; static
gamma motor neurons innervate various

combinations of chain and static bag fibers.
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Selective stimulation of the two types of
gamma motor neurons has different effects on
the firing of the la fibers from the spindle.
Without gamma stimulation the la fiber shows
a small dynamic response to muscle stretch
and a modest increase in steady-state firing.
When a static gamma motor neuron is
stimulated, the steady-state response of the la
fiber increases, but there is a decrease in the
dynamic response. When a dynamic gamma
motor neuron is stimulated, the dynamic
response of the la fiber is markedly enhanced,
but the steady-state response gradually returns

to its original level.
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Box 35-2 Classification of Sensory Fibers

from Muscle

HE 35-2 ILPA IR b 41 4 (14 73 5%

Sensory fibers are classified according to their

diameter. Axons with larger diameters
conduct action potentials more rapidly than
do fibers of smaller diameters. Because each
class of sensory receptors is innervated by

fibers with diameters within a restricted

IR 2T AERR I H B AR HEAT 70
Ko HAEKKHIR LB
¥ 4t 52 A% 3 Zh R HLAZ SE PR
FE N Ay S G 2
FLARAE — RV B A 2T 4 5
Mo, XA RITIEAE e RE
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range, this method of classification
distinguishes to some extent the fibers that
arise from the different types of receptor
organs. The main groups of sensory fibers

from muscle are listed in Table 35-1.

€ EX 9y 7T A FRA
RS E LT, 3R 35-1
FHIH TR B LA 3
LT YERE .

The organization of reflex pathways in the

spinal cord has been established primarily by

electrically stimulating the sensory fibers and

recording evoked responses in different

TG A5 5 ST T S ST

5

classes of neurons in the spinal cord. This

method of activation has three advantages

over natural stimulation. The timing of

afferent input can be precisely established; the
responses evoked in motor neurons and other
neurons by different classes of sensory fibers
can be assessed by grading the strength of the
of

electrical stimulus; and certain classes

receptors can be selectively activated.

H SRR LG, XS 77
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The strength of the electrical stimulus

BRI KIS N AT 4 B A iR

required to activate a sensory fiber is

() F G B A, DA EAR 3

measured relative to the strength required to

PR 12 2T 4 P 1) R R

activate the afferent fibers with the largest

JE, SR B R 4 4 BT 5 1

diameter because these fibers have the lowest

threshold for electrical activation. The

threshold of type I fibers is usually one to two
times that of the largest afferents (with la
fibers having, on average, a slightly lower
threshold than Ib fibers). For most type II

fibers the threshold is 2 to 5 times higher,

PR R o T TR0 £ 4 1 12
T B KA NI — %
(Ta 2T 4k 1) V- 35 130 {5 W& A T
Ib £74E) .

XKk TT BILF4E, B
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whereas type 1l and IV have thresholds in the
range of 10 to 50 times that of the largest

afferents.

KAENLF YR 10 — 50 5.

Local Spinal Circuits Contribute to the

Coordination of Reflex Responses

J RS B I T B T D U
5

The Stretch Reflex Involves a Monosynaptic

Pathway

FEGRK SR S B Akt

The neural circuit responsible for the stretch
reflex was one of the first reflex pathways to
be examined in detail. The physiological basis
of this reflex was examined by measuring the
latency of the response in ventral roots to

electrical stimulation of dorsal roots.

P57 2 5K IS I e 2 [ B
o 52 BIVE NS £ 1) S Il
Bz o I E R R
(RGN GRAMAI DR VN 7S
BIF IR Tl S ik ) 25 B R A o

When the Ia sensory axons innervating the
muscle spindles were selectively activated,
the reflex latency through the spinal cord was
less than 1 ms. This demonstrated that the la
fibers make direct connections on the alpha
motor neurons, for the delay at a single
synapse is typically 0.5 ms to 0.9 ms (Figure
35-4B).

2SR ZE A ) Ta J8 0 A
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The pattern of connections of la fibers to
motor neurons can be shown directly by

intracellular recording. la fibers from a

muscle excite not only the motor neurons
innervating the same(homonymous) muscle,

but also  those  innervating  other

(heteronymous) muscles with a similar

mechanical action. The la fibers also form

la 212 58S 4 TU N 1
AT Dol 4 N Il B
R Hk. AT Ta 2
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) ULAREsh & Ts, 1
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AT W izs4 e,
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inhibitory connections with the alpha motor
neurons innervating antagonistic muscles
through the Ia inhibitory interneurons. This
disynaptic inhibitory pathway is the basis for

reciprocal innervation: When a muscle is

stretched, its antagonists relax.

Ta 1 2L 36 5@ 1 Ta 401 v (8]
ML TC S ST S HUULII B 7K
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Figure 35-4 The number of synapses in a

K 354 J5 S T % SR Ak 4

reflex pathway can be inferred from | & ] DA F PN 10 S HEWT H
intracellular recordings. Ko
An intracellular recording electrode is | 5 4 MY PN ic % HE AR A N SCIRC

inserted into the cell body of a spinal motor
neuron that innervates an extensor muscle.
Stimulation of la sensory fibers from flexor or
extensor muscles produces a volley of action

potentials at the dorsal root.

LA BE s sh A 2 oo I A
f k. JEMLEEAL, 2
R Ta BT 4T IR
PR IEH A LA

Left: When la fibers from an extensor muscle
are stimulated the latency between the
recording of the afferent volley and the
excitatory postsynaptic potential in the motor
neuron is only0.7 ms. Because this is
approximately equal to the duration of signal
transmission across a single synapse, it can be

inferred that the excitatory action of the

stretch reflex pathway is monosynaptic.
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Right: When la fibers from an antagonist
flexor muscle are stimulated, the latency
between the recording of the afferent volley

and the inhibitory postsynaptic potential in
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the motor neuron is 1.6 ms. Because this is
approximately twice the duration of signal
transmission across a single synapse, it can be
inferred that the inhibitory action of the

stretch reflex pathway is disynaptic.

1.6 ZAb . XKL A
R ik (K145 5 A% i I [8] ¥ Y
o AR PAHE B H 2 5K e
UIpGE R LR (SRR PIEN
i

Ia Inhibitory Interneurons Coordinate the

Muscles Surrounding a Joint

T $U0fIE F TR e 22 0 P 1 5%
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Reciprocal innervation is useful not only in

stretch reflexes but also in voluntary

movements. Relaxation of the antagonist

AL AR ST AN & Y T 2
SR, WiE M T E B,
JE B UAS 2068 SO K 355 i

muscle during a movement enhances speed

WL, eAEE s, 3R

and efficiency because the muscles that act as

prime movers are not working against the

s 7 DL B 3 2

contraction of opposing muscles.

The la inhibitory interneurons involved in the
stretch reflex are also used to coordinate
muscle contraction

during  voluntary

movements. These interneurons receive inputs

Z 535K U I Ta 0IVE
Al 22 Tt T i il B iz
i RN SE . X
] o 2 e R AT 47 Ak SR A

from collaterals of axons descending from

neurons in the motor cortex that make direct

A RN i EN IS ROt
BEiz e, H5HEEHIES)

excitatory connections with spinal motor

neurons. This  organizational  feature

simplifies the control of voluntary

movements, for higher centers do not have to
send separate commands to the opposing

muscles.
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Sometimes it is advantageous to contract the
prime mover and the antagonist at the same

time. Such co-contraction has the effect of
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stiffening the joint and is most useful when
precision and joint stabilization are critical.
An example of this phenomenon is the
co-con-traction of flexor and extensor
muscles of the elbow immediately before
catching a ball. The la inhibitory interneurons
receive both excitatory and inhibitory signals
from all of the major descending pathways
(Figure 35-5A). By changing the balance of
excitatory and inhibitory inputs onto these
interneurons, supraspinal centers can reduce
reciprocal inhibition of muscles and enable
co-contraction, thus control-ling the relative
stiffness to meet the

amount of joint

requirements of the motor act.
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The activity of spinal motor neurons is also
regulated by another important class of
inhibitory interneurons, the Renshaw cells.

Excited by collaterals of the axons of motor

BHEIZsh M AT s th 2
) oy — JE L EE Y ] r ] A
26, B4
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neurons, Renshaw cells make inhibitory

(0 SR, 5 T B A

synaptic connections with several populations

28 U A g ST A A R i 3%

of motor neurons, including the motor

P, X et 2 o o A 3

neurons that excite them and the Ia inhibitory

AT 3B B A4 28 ST A Ta 101

interneurons (Figure 35-5B).
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The connections with motor neurons form a

| B S 32 S 4 e

negative feedback system that may help | R — MM IR RS, 1%
stabilize the firing rate of the motor neurons, | X4 H B EIBZ
whereas the connections with the la inhibitory | £ JGI LR %, ZERE Ta #J

interneurons may regulate the strength of
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inhibition of antagonistic motor neurons. In

I 0 BT 3B B A 4 T 3

addition, Renshaw cells also receive

significant synaptic input from descending
pathways and distribute inhibition to
task-related groups of motor neurons and Ia
interneurons. It is therefore likely that
Renshaw cells help establish the pattern of

signaling in divergent la sensory pathways
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according to the motor task. 115 T 1& S,
Figure 35-5 Inhibitory spinal interneurons | & 35-5 il 146 &8 - [A] fH &
coordinate reflex actions. TR SORAE o

The la inhibitory interneuron regulates

contraction in antagonist muscles in

stretch-reflex circuits through its divergent
contacts with motor neurons. In addition, the
interneuron receives excitatory and inhibitory
inputs from corticospinal and  other
descending pathways. A change in the balance
of these supraspinal signals allows the
interneuron to coordinate co-contractions in

antagonist muscles at a joint.
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Renshaw cells are spinal interneurons that

produce recurrent inhibition of motor

neurons. These interneurons are excited by
collaterals from motor neurons and inhibit
those same motor neurons. This negative
feedback system regulates motor neuron
and stabilizes rates.

excitability firing

Renshaw cells also send col-laterals to
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synergist motor neurons (not shown) and la

inhibitory interneurons that synapse on
antagonist motor neurons. Thus, descending
inputs that modulate the excitability of the
Renshaw cells adjust the excitability of all the

motor neurons around a joint.
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Divergence in Reflex Pathways Amplifies | S & 18 4% 1) 22 5 ] ORI 3
Sensory Inputs and Coordinates Muscle | %A, FEERRTLAIU 46
Contractions

In all reflex pathways in the spinal cord the | 7& # & 1 BT & Jx 4 18 %

sensory neurons form divergent connections
with a large number of target neurons through
branching. The

extensive axonal

flexion-withdrawal reflex, for example
involves extensive divergence within the
spinal cord. Stimulation of a small number of
sensory axons from a small area of skin is
sufficient to cause contractions of widely
distributed muscles and thus to produce a

coordinated motor pattern.
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Lorne Mendell and Elwood Henneman used a

computer enhancement technique called

spike-triggered averaging to determine the
extent to which the action potentials in single
la fibers are transmitted to a population of
spinal motor neurons. They found that
individual la axons make excitatory synapses
with  all motor

homonymous neurons
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innervating the medial gastrocnemius of the
cat. This widespread divergence effectively
amplifies the signals of individual la fibers,
leading to a strong excitatory drive to the
muscle from which they originate (autogenic

excitation).
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The Ia axons in reflex pathways also provide
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excitatory inputs to many of the motor
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neurons innervating synergist muscles (up to
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60% of the motor neurons of some | B [F LK iz 3 & o0 Bk
synergists). Although widespread, these | 60%. /8 & B4 05 Hbk
connections are not as strong as the | & I BRI IERE 4]

connections to homonymous motor neurons.
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The strength of these connections varies from
muscle to muscle in a complex way according
to the similarity of the mechanical actions of
the synergists. We have already noted that, in
the control of voluntary movements,
descending path-ways make use of reciprocal
inhibition of antagonists in the stretch reflex.
A similar convergence principle holds for the
activation of motor neurons innervating

synergist muscles. Thus stretch reflex
pathways provide a principal mechanism by
which the contractions of different muscles
can be linked in voluntary as well as reflex

actions.
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Convergence of Inputs on Ib Interneurons
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Increases the Flexibility of Reflex Responses

T BN R

Thus far we have considered reflex pathways
as though each included only one type of
sensory fiber. But an enormous diversity of
sensory information

converges on

interneurons in the spinal cord.
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The 1b inhibitory interneuron is one of the

best-studied  interneurons that receive

extensive convergent input. Its principal input
is from Golgi

tendon organs, sensory

receptors that signal the tension in a muscle

(Box 35-3), and it makes inhibitory
connections with  homonymous motor
neurons. As one might expect from this

connectivity, stimulation of tendon organs or

their Ib afferent fibers in passive animals

produces disynaptic inhibition of
homonymous motor neurons (autogenic
inhibition). However, stimulation of Ib

afferents in active animals does not always
inhibit homonymous motor neurons. Indeed,
we shall see in the next section that
stimulation of tendon organs may in certain
homonymous  motor

conditions  excite

neurons.
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One reason that the reflex actions of the

sensory axons from tendon organs are
complex in natural situations is that the Ib

inhibitory interneurons also receive input
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from the muscle spindles, cutaneous receptors
and joints (Figure 35-7A). In addition, they
receive both excitatory and inhibitory input

from various descending pathways.
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Golgi tendon organs were first thought to
have a protective function, preventing damage
to muscle, for it was assumed that they
always inhibited homonymous motor neurons
and that they fired only when tension in the
muscle was high. But we now know that these
receptors signal minute changes in muscle
tension, thus providing the nervous system
with precise information about the state of a

muscle's contraction.
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The convergence of sensory input from
tendon organs, cutaneous receptors, and joint
receptors onto interneurons that inhibit motor
neurons may allow for precise spinal control
of muscle force in activities such as grasping
a delicate object. Additional input from
cutaneous receptors may facilitate activity in
the Ib inhibitory interneurons when the hand
reaches an object, thus reducing the level of

muscle contraction and permitting a soft

grasp.
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Finally, like the la fibers from muscle
spindles, the Ib fibers from tendon organs

form widespread connections with motor
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neurons that innervate muscles acting at
different joints. Therefore, the connections of
the afferent fibers from tendon organs with
the Ib inhibitory interneurons are part of
reflex networks that

spinal regulate

movements of whole limbs.
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Central Motor Commands and Cognitive
Processes Can Alter Synaptic Transmission in

Spinal Reflex Pathways
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Both the strength and the sign of synaptic
transmission in spinal reflex pathways can be
altered during behavioral acts, For example,
in humans the strength of the monosynaptic
reflex declines as we progress from standing
to walking to running. It does so because
stiffness increases naturally as muscle force

increases and thus reflexes are not needed.
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Another example of a change in sign occurs
in the activity of Ib sensory axons during
walking. As we have seen, in passive animals
the Ib fibers from extensor muscles have an
inhibitory effect on homonymous motor
neurons. During locomotion they produce an
excitatory effect on those same motor neurons
transmission in the

because disynaptic

inhibitory pathway is depressed (Figure

35-7B). This phenomenon is called
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state-dependent reflex reversal.

RGN B S 3%

Transmission in spinal reflex pathways can
also be modified in association with higher
cognitive functions. Examples are increases in
the tendon jerk reflex in the soleus muscle of
humans while imagining pressing a foot
pedal, and modulation of the Hoffmann reflex
in arm and leg muscles when subjects observe
and

walking movements,

grasping
respectively. The latter findings indicate that
the mirror-neuron system identified in cortical
networks (see influences

Chapter 38)

neuronal systems in the spinal cord.
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Furthermore, intracellular recordings from
monkeys engaged in normal behavior have
demonstrated that the intention to make a
movement modifies activity in interneurons in
the spinal cord and alters the transmission in

spinal reflex pathways.
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Box 35-3 Golgi Tendon Organs

HE35-3 i /R F ML 8 H

Golgi tendon organs are slender encapsulated
structures approximately 1 mm long and 0.1
mm in diameter located at the junction
between skeletal muscle fibers and tendon.
Each capsule encloses several braided
colla-gen fibers connected in series to a group

of muscle fibers.
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Each tendon organ is innervated by a single Ib
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axon that branches into many fine endings
inside the capsule; these endings become
the

intertwined  with collagen fascicles

(Figure 35-6A).
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Stretching of the tendon organ straightens the
collagen fibers, thus compressing the Ib nerve
endings and causing them to fire. Because the
nerve endings are so closely associated with
the collagen fibers, even very small stretches
of the tendons can compress the nerve

endings.
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Whereas muscle spindles are most sensitive to
changes in length of a muscle, tendon organs
are most sensitive to changes in muscle
tension. Contraction of the muscle fibers
connected to the collagen fiber bundle
containing the receptor is a particularly potent
stimulus to a tendon organ. The tendon organs
are thus readily activated during normal
movements. This has been demonstrated by
recordings from single Ib axons in humans
making voluntary finger movements and in

cats walking normally.
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Studies in anesthetized animal preparations
have shown that the average level of activity
in the population of tendon organs in a muscle

is a good index of the total force in a
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contracting muscle (Figure 35-6B). This close
agreement between firing frequency and force
is consistent with the view that the tendon
organs continuously measure the force in a

contracting muscle.
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Figure 35-6A When the Golgi tendon organ is
stretched (usually because of contraction of
the muscle), the Ib afferent axon is
compressed by collagen fibers (see inset) and

its rate of firing increases.
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Figure 35-6B The discharge rate of a
population of Golgi tendon organs signals the
force in a muscle. Linear regression lines
show the relationship between discharge rate

and force for Golgi tendon organs of the

soleus muscle of the cat.

K 35-6B — 4H Rk L i 2%
B B R R LA A
M177. Zetk A2 2R T
(R L H UL v R 25 g 2% B
) G AP PSS

Figure 35-7 The reflex actions of lb afferent

fibers from Golgi tendon organs.
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The 1b inhibitory interneuron receives input
from tendon organs, muscle spindles (not
shown), joint and cutaneous receptors, and

descending pathways.
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The action of Ib sensory fibers on extensor
motor neurons is reversed from inhibition to
excitation when walking is initiated. When
the animal is resting, stimulation of Ib fibers
from the ankle extensor muscle inhibits ankle
extensor motor neurons through Ib inhibitory
by the

interneurons, as shown
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hyperpolarization in the record. During
walking the 1b inhibitory interneurons are
inhibited while excitatory interneurons that
receive input from lb sensory fibers are
facilitated by the command system for
walking, thus opening a lb excitatory pathway
from the Golgi tendon organs to motor

neurons.
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Central Neurons Can Regulate the Strength of
Spinal Reflexes at Three Sites in the Reflex

Pathway

HRORX A 22 76 BE AE B )
=SS I R R B Y
Eiifis

As noted earlier, the force of a reflex can
vary, although the sensory stimulus remains
constant. This variability in reflex strength is
possible because synaptic transmission in
spinal reflex pathways can be modified at
three possible sites: alpha motor neurons,
interneurons in all reflex circuits except
monosynaptic pathways with la afferent
fibers, and the presynaptic terminals of the

afferent fibers (Figure 35-8A).
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All three sites receive inputs from neurons in
motor centers in the brain stem and cerebral
cortex as well as other regions of the spinal
cord. Signals from these higher-level neurons
regulate the strength of reflexes by changing

the background (tonic) level of activity at any
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of the three sites in the spinal reflex pathway,
For example, an increase in tonic excitatory
input to the alpha motor neurons moves the
membrane potential of these cells closer to
threshold so that even the slightest reflex
input will more easily activate the motor

neurons (Figure 35-8B).
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Another mechanism for modulating the

strength of reflexes is to change the
physiological properties of motor neurons and
perhaps interneurons. Activity in descending
monoaminergic systems can alter the
properties of motor neurons so they either
discharge at a much higher rate in response to
the same synaptic input or remain active
following a brief excitatory input (see Chapter

34).
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Reflex strength can be changed quickly to
adapt to the requirements of specific tasks.
Intracellular  recordings  suggest  that
presynaptic inhibition of the la fibers from
muscle spindles is particularly important for
producing these changes. For example, during
locomotion the level of presynaptic inhibition
is rhythmically modulated; this action
presumably modulates the strength of reflexes
during the different phases ofthe gait cycle

(see Chapter 36).
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Figure 35-8 The strength of a spinal reflex
can be modulated by changes in synaptic

transmission in the reflex pathway.
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A reflex pathway can be modified at three
sites: alpha motor neurons (1), interneurons in
polysynaptic pathways (2), and afferent axon
terminals (3) Transmitter release from the
primary afferent fibers is

regulated by

presynaptic inhibition (see Figurel2-16).
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An increase in tonic (background) excitatory
input to a motor neuron depolarizes the
neuron to a level that enables an otherwise
ineffective reflex input(left) to initiate action
potentials. The reflex input is represented by a

series of excitatory postsynaptic potentials.
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Gamma Motor Neurons Adjust the Sensitivity

of Muscle Spindles

1in By 3z Zh 22 75 1 5 LR 1Y
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Activity of muscle spindles may be
modulated by changing the level of activity in
the gamma motor neurons, which innervate
the intrafusal muscle fibers of muscle spindles
(see Box 35-1). This function of gamma
motor neurons, often referred to as the
fusimotor system, can be demonstrated by
selectively stimulating the alpha and gamma

motor neurons under experimental conditions.

i AR i s 2 T
AN, AT LU LR Y
WHENHUREE, TN iz s
28 70 SCHC RE LR R VEVE LET
4t (WAE3S-1) o iz s
2 JCHX AT RE, EEFRN
IR IZs 258, W LLER s
WoRUER], fESEs hiE FR Ik
b SRR 2R I AN 32 B

20

69




TRUCAE R L 2 3

When only alpha motor neurons are
stimulated, the firing of the la fiber from the
muscle spindle pauses during contraction of
the muscle because the muscle is shortening
and therefore unloading (slackening) the
spindle. However, if gamma motor neurons
are activated at the same time as alpha motor
neurons, the pause is eliminated. The
contraction of the intrafusal fibers by the
gamma motor neurons keeps the spindle
under tension, thus maintaining the firing rate
of the la fibers within an optimal range for
signaling changes in length, whatever the
actual length of the muscle (Figure 35-9).
This thus

alpha-gamma  co-activation

stabilizes the sensitivity of the muscle
spindles and is used in many voluntary

movements.
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In addition to the axons of gamma motor
neurons, axon collaterals of alpha motor
neurons sometimes innervate the intrafusal
fibers. Axons that innervate both intrafusal
and extrafusal muscle fibers are referred toas
beta axons. Beta axon collaterals provide the
equivalent of alpha-gamma coactivation. Beta
innervation in spindles exists in both cats and
humans, although it is unquantified for most

muscles.
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The beta fusimotor system's forced linkage of

extrafusal and  intrafusal  contraction
highlights the importance of the independent
fusimotor system (the gamma motor neurons).
Indeed, in lower vertebrates, such as
amphibians, beta efferents are the only source
of intrafusal innervation. Mammals have
evolved a mechanism that frees muscle
spindles from complete dependence on the
behavior of their parent muscles. In principle
this uncoupling allows greater flexibility in
controlling spindle sensitivity for different

types of motor tasks.
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This conclusion is supported by recordings in
spindle sensory afferents during a variety of
natural movements in cats. The amount and
type of activity in gamma motor neurons are
set at steady levels, which vary according to
the specific task or context. In general,
activity levels in both static and dynamic
gamma motor neurons (see Figure 35-3B) are
set at progressively higher levels as the speed

and difficulty of the movement increase.
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Unpredictable conditions, such as when the
cat is picked up or handled, lead to marked
increases in activity in dynamic gamma motor
and thus increased

neurons spindle

responsiveness when muscles are stretched.
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When an animal is performing a difficult task,
such as walking across a narrow beam, both
static and dynamic gamma activation are at

high levels (Figure 35-10).
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Thus the nervous system uses the fusimotor
system to fine-tune muscle spindles so that
the ensemble output of the spindles provides
information most appropriate for a task. The
task conditions under which independent
control of alpha and gamma motor neurons
occurs in humans have not yet been clearly

established.
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Figure 35-9 Activation of gamma motor
neurons during active muscle contraction
maintains muscle

spindle sensitivity to

muscle length.
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Sustained tension elicits steady firing in the la
sensory fiber from the muscle spindle (the
two muscle fibers are shown separately for

illustration only).
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A characteristic pause occurs in the discharge
of the la fiber when the alpha motor neuron is
stimulated, causing a brief contraction of the
muscle. The la fiber stops firing because the

spindle is unloaded by the contraction.
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Gamma motor neurons Innervate the

contractile polar regions of the intrafusal

fibers of muscle spindles (see Figure35-3A).
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If a gamma motor neuron is stimulated at the
same time as the alpha motor neuron, the
spindle is not wunloaded during the
contraction. As a result, the pause in discharge
of the la sensory fiber that occurs when only
the alpha motor neuron is stimulated is "filled
in" by the response of the fiber to stimulation

of the gamma motor neuron.
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Figure 35-10 The level of activity in the
fusimotor system varies with the type of
behavior. Only static gamma motor neurons
are active during activities in which muscle
length changes slowly and predictably.
Dynamic gamma motor neurons are activated

during behaviors in which muscle length may

change rapidly and unpredictably.
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Proprioceptive Reflexes Play an Important
Role in Regulating Both Voluntary and

Automatic Movements
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All movements activate receptors in muscles,
joints, and skin. Sensory signals generated by
the body's own movements were termed
proprioceptive by Sherrington, who proposed
that they control important aspects of normal
movements. A good example is the Hering
Breuer reflex, which regulates the amplitude
of inspiration. Stretch receptors in the lungs
are activated during inspiration, and the

Hering-Breuer reflex eventually triggers the
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transition from inspiration to expiration when

the lungs are expanded.
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A similar situation exists in the walking
systems of many animals; sensory signals
generated near the end of the stance phase
initiate the onset of the swing phase (see

Chapter 36).
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Proprioceptive signals can also contribute to
the regulation of motor activity during
voluntary movements, as has been shown in
recent studies of individuals with sensory
neuropathy of the arms. These patients
display abnormal reaching movements and
have difficulty in positioning the limb
accurately because the lack of proprioception

results in a failure to compensate for the

complex inertial properties of the human arm.

U, ARE R T O el

B IR TR, A
ZfESh AT ETE
R A, XL EH R
B F R ssh, JFH
e A E AR AL B, N
RZ AR, FETCIETR
I NAETFE R 2R 15

Therefore, a  primary function  of

proprioceptive  reflexes in  regulating

voluntary movements is to adjust the motor
output  according to the changing
biomechanical state of the body and limbs.
This adjustment ensures a coordinated pattern
of motor activity during an evolving
movement and compensates for the intrinsic

variability of motor output.
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Reflexes Involving Limb Muscles Are
Mediated Through Spinal and Supraspinal

Pathways
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Reflexes involving the limbs are mediated by
multiple pathways acting in parallel through
spinal and supraspinal pathways, Consider the
response evoked by a sudden stretch of a
flexor muscle of the thumb. This response has
two discrete components. The first, the Ml
response, is generated by the monosynaptic
connection of muscle spindle afferents to the
spinal motor neurons. The second, the M2
response, is also are flex because its latency is
shorter than the voluntary reaction time

(Figure 35-11A).
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The M2 response has been observed in
virtually all limb muscles. In the distal
muscles the M2 responses are mediated by
pathways that include the motor cortex, as
studies with

shown in of  patients

Klippel-Feilsyndrome. In this  unusual

condition axons descending from neurons in
the motor cortex bifurcate and make
connections to homologous motor neurons on

both sides of the body.
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Thus, when the individual voluntarily moves
the fingers of one hand, these movements are
mirrored by movements of the fingers of the
other (Figure 35-11B). Similarly, when the
M2 component is evoked by stretching
muscles of one hand, a response with the

same latency is evoked in the corresponding
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muscle of the other hand, even though no M1
response has occurred in the other hand. The
reflex pathway responsible for the M2
response must there-fore traverse the motor

cortex (Figure 35-11B).
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Figure 35-11 Reflexes of the limbs are
mediated by spinal reflex pathways and
long-loop pathways that involve the motor

cortex.
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In normal individuals a brief stretch of a
thumb muscle produces a response that has
two components. A short-latency response
(M1) in the stretched muscle is controlled by
the spinal reflex pathway, the monosynaptic
connection between muscle spindle afferents
and spinal motor neurons. This is followed by
a long-latency response (M2) controlled by a

pathway that loops through the motor cortex.
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In individuals with Klippel-Feil syndrome the
M2 response is evoked bilaterally because
neurons in the motor cortex activate motor

neurons bilaterally.

1E AT 70 R IR - 9% IR 454
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Reflex responses mediated through the motor
cortex and other supraspinal structures, the
long-loop reflexes, have been investigated in
numerous muscles in humans and other
animals. The general conclusion is that long

loop reflexes via the cortex are of primary
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importance in regulating contractions in distal
muscles, whereas subcortical reflex pathways
are largely responsible for regulating the

contractions of proximal muscles.

s LA B EEE S 1
J& R B i A T
e e (R 3 S LAY o

R

This type of organization is related to
functional demands, any tasks involving distal
muscles require

precise regulation by

voluntary commands. By trans-mitting
sensory signals to regions of cortex most
involved in controlling voluntary movements,
motor commands can be quickly adapted to
the evolving needs of a task. More automatic
motor functions, such as maintaining balance
and producing gross bodily movements, can
be efficiently executed

largely through

subcortical and spinal pathways.

KPP A5 5 DI RE R RAT K
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Pioneering studies by Edward Evarts in the
1960srevealed that activity in approximately
50% of neurons in the motor cortex is
modified in response to loading muscles
during the voluntary maintenance of wrist
position and during simple movements at the
wrist. This early finding was initially
interpreted as evidence that long-loop cortical
reflexes are involved in compensating for
change in loading conditions by functioning

as online negative feedback controllers.

% fEAE . B LK (Edward
Evarts) 7F 20 t 40 60 4 1 3t
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However, subsequent studies on multi joint

movements revealed complex response
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patterns in cortical neurons, many of which

are not consistent with this concept.

Moreover, the long delays in transmission in
make these reflexes

long-loop reflexes

inappropriate for a direct role in load
compensation because the potential delays

would create instabilities.

PR AR 2%, Hp i 2
AERMEA—E. A,
0] i S SR P A% A (K HE IR
EAF X 28 SR AN i & B AE
TN R IEAE L, N
B AE I SE IR & 77 A A R e
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Currently the function of proprioceptive input
to the motor cortex in the volitional control of
movement remains a  puzzle. One
contemporary notion is that proprioceptive
input is integrated into internal models for
estimating the state of the system (see

Chapter 33).

HAlr, 12830 BRI AR IR
M NAEIZ B S Y
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Another hypothesis is that proprioceptive
inputs play a key role in motor cortical
circuits that function as optimal feedback
controllers, which use only those sensory
signals that are required for attaining a

specific goal.

F R, AR
VN ey e E R ey SE PR
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Stretch  Reflexes Reinforce Central | 5k 5t < mib iz sh 16 & g
Commands for Movements B4
Stretch-reflex pathways can contribute to | 25K Jx Sl 72 H Eig 3

regulation of motor neurons during voluntary
movements and maintenance of posture

because they form closed feedback loops.

ORFp 22 3430 1) B 1 9 i sh
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For example, stretching a muscle increases
activity in spindle sensory afferents, leading

to muscle contraction and consequent

Blhn,  SoAR LA 2 B IR
BN, SBULA
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shortening of the muscle. Muscle shortening
in turn leads to decreased activity in spindle
afferents, reduction of muscle contraction,

and lengthening of the muscle.

A 26 T S 1 2 3 BUUUR AR N
METESED LAY Dok
NN S

The stretch reflex loop thus acts continuously
--the output of the system, a change in muscle
length, becomes the input--tending to keep
the muscle close to a desired or reference
length. The stretch reflex is a negative
feedback system, or servomechanism,
because it tends to counteract or reduce

deviations from the reference value of the

regulated variable.

Ik, A K S R g o R
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In 1963 Ragnar Granit proposed that the
reference value in voluntary movements is set
by descending signals that act on both alpha
and gamma motor neurons. The rate of firing
of alpha motor neurons is set to produce the
desired shortening of the muscle, and the rate
of firing of gamma motor neurons is set to
produce an equivalent shortening of the

intrafusal fibers of the muscle spindle.

1963 4, hrkgal « HEHLJEkE
(Ragnar Granit) i, H
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If the shortening of the whole muscle is less
than that required by a task, as when the load
is greater than anticipated, the sensory fibers
their rate because the

increase firing

contracting intrafusal fibers are stretched

(loaded) by the relatively greater length of the

I B U 1 4 3/ F1E
55 P, 02 s KT
W, AT e e A
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whole muscle. If shortening is greater than
necessary, the sensory fibers decrease their
firing rate because the intrafusal fibers are
slackened(unloaded)

relatively (Figure

35-12A).

I [ DR T~ BEFR AN [R] , JE
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In theory this mechanism could permit the
nervous system to produce a movement of a
given distance without having to know in
advance the actual load or weight being
moved. In  practice, however, the
stretch-reflex pathways do not have sufficient
control over motor neurons to overcome large
unexpected loads. This 1is immediately
obvious if we consider what hap-pens when
we attempt to lift a heavy suitcase that we

believe to be empty.

R b, XML VR
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Automatic compensation for the
greater-than-anticipated load does not occur.
Instead, we have to pause briefly to plan a
new movement with much greater muscle
activation. Thus, rather than providing
compensation for large unexpected loads,
monosynaptic and long-loop stretch reflex
pathways may compensate for small changes
in load and intrinsic irregularities in the
muscle contraction, with the relative
contribution of each pathway dependent on

the muscle and the task.
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Strong evidence that alpha and gamma motor
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neurons are coactivated during voluntary
human movement has come from direct
measurements of the activity of muscle
spindles. In the late 1960s Ake Vallbo and
Karl-Erik  Hagbarth  developed  micro
neurography, a technique for recording from

the largest afferent fibers in peripheral nerves.

HEizzhid g, F/REM
11 5 32 Bl 4 22 70 2 ) B
), A UEHE SRR TR LR
B E N . 20120604
KRR, &5« KM CAke
Vallbo) MI-R/R <& B0 « g
B4 (Karl-Erik Hagbarth)
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Vallbo later showed that during slow
movements of the fingers the large-diameter
la fibers from spindles in the contracting
muscles increase their rate of firing even
when the muscle shortens as it contracts
(Figure 35-12B). This occurs because the
gamma motor neurons, which have direct
excitatory connections with spindles, are

co-activated with alpha motor neurons.

RMAEREY, EFIREE
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Furthermore, when subjects attempt to make
slow movements at a constant velocity, the
firing of the la fibers mirrors small deviations
in velocity in the trajectory of the movements
(sometimes the muscle shortens quickly and

other times more slowly).
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When the velocity of flexion increases
transiently, the rate of firing in the fibers
decreases because the muscle is shortening

more rapidly and therefore exerts less tension
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on the intrafusal fibers. When the velocity
decreases, firing increases because the muscle
is shortening more slowly, and therefore the
relative tension on the intrafusal fibers
increases. This information can be used by the
nervous  system to compensate  for
irregularities in the movement trajectory by

exciting the alpha motor neurons.

JEFEARRS, RN, [
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Figure 35-12 Alpha and gamma motor
neurons are co-activated during voluntary

movements.
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A. Alpha-gamma co-activation reinforces

alpha motor activity
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Spindle activity increases during muscle

shortening

JULPR) 4 e IS LR 5 51 48

Co-activation of alpha and gamma motor
neurons by a cortical motor command allows
feedback from muscle spindles to reinforce
activation in the alpha motor neurons.
Because any disturbance during a movement
alters the length of the muscle and changes
the activity in the muscle spindles, altering

the spindle input to the alpha motor neuron

compensates for the disturbance.
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The discharge rate in the la sensory fiber of a
spindle increases during slow flexion of a

finger.  This  increase  depends  on
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Talg it 21 24 Y9 JE0H R 1 T
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alpha-gamma co-activation. If the gamma
motor neurons were not active, the spindle
would slacken, and its discharge rate would
decrease as the muscle shortened (see Figure

35-9C).

(¥ B JR 3k AN B 32 B i 4
Tho WA I T0A
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Damage to the Central Nervous System
Produces Characteristic Alterations in Reflex

Response and Muscle Tone

AR £ 2 G I 0T 2 2
S e AL AT 5K 7 BRIk
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Stretch reflexes can be evoked in many

muscles throughout the body and are
routinely used in clinical examinations of
patients with neurological disorders. They are
typically elicited by sharply tapping the

tendon of a muscle with a reflex hammer.

Y 2 LA RE 51k 22 5K I
o, JFHEFEHTHE RS
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Although the responses are often called
tendon reflexes or tendon jerks, the receptor
that is stimulated, the muscle spindle, actually
lies in the muscle rather than the tendon. Only
the primary sensory fibers in the spindle
participate in the tendon reflex, for these are
selectively activated by a rapid stretch of the
muscle produced by the tendon tap. An
electrical analog of the tendon jerk is the

Hoffmann reflex (Box 35-4).

BRI 5 o388 5 Bk g UL
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Measuring alterations in the strength of the
stretch reflex can assist in the diagnosis of
certain conditions and in localizing injury or

disease in the central nervous system. Absent

N5 2 5K B S 5 R A A T
CAFE B2 W 2 L 1 00, o5t
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or hypoactive stretch reflexes often indicate a
disorder of one or more of the components of
the peripheral reflex pathway: sensory or
the cell bodies of motor

motor axons,

neurons, or the muscle itself.
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Nevertheless, because the excitability of
motor neurons is dependent on descending
excitatory and inhibitory signals, absent or
hypoactive stretch reflexes can also result
from lesions of the central nervous system.
Hyperactive stretch reflexes, conversely,
always indicate that the lesion is in the central

nervous system.
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Box 35-4 The Hoffmann Reflex

HE35-4 FE K2 [ S

The characteristics of the monosynaptic
connections from la sensory fibers to spinal
motor neurons in humans can be studied
using an important technique introduced in
the 1950s and based on early work by Paul
Hoffmann.  This  technique  involves
electrically stimulating the la fibers in a
peripheral nerve and recording the reflex
response in the homonymous muscle. The
response is known as the Hoffmann reflex, or

H-reflex (Figure 35-13A).
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The H-reflex is readily measured in the soleus
muscle, an ankle extensor, The la fibers from
the soleus and its synergists are excited by an

electrode placed above the tibial nerve behind

Hi SR 2 Z A H L
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the knee. The response recorded from the
soleus muscle depends on stimulus strength.
At low stimulus strengths a pure H-reflex is
evoked, for the threshold for activation of the
la fibers is lower than the threshold for motor
the stimulus strength

axons. Increasing

excites the motor axons innervating the soleus
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producing two successive responses. T, R A AN S
S o
The first results from direct activation of the — MR H B BOE 18 3 il

motor axons, and the second is the H-reflex
evoked by stimulation of the la fibers (Figure
35-13B). These two com-ponents of the
evoked electromyogram are called the
M-wave and H-wave. The H-wave occurs
later because it results from signals that travel
to the spinal cord, across a synapse, and back
again to the muscle. The M-wave. In contrast,
results from direct stimulation of the motor

axon innervating the muscle.
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As the stimulus strength is increased still
further, the M-wave continues to become
larger and the H-wave progressively declines
(Figure 35-13C). The decline in the H-wave
amplitude occurs because action potentials in
the motor axons propagate toward the cell
body (antidromic conduction) and cancel
reflexively evoked action potentials in the

same motor axons. At very high stimulus
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strengths only the M-wave persists.

An interesting feature of the H-reflex is that
its magnitude depends on motor experience.
For example, it is low in highly trained ballet
dancers and varies among different kinds of
athletes. This strongly suggests that
modification of spinal reflexes is an important

process in learning motor skills.
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Extensive studies of humans, monkeys, and
rats by Jonathan Wolpaw and his colleagues
have demonstrated that H-reflexes can be
operantly conditioned to either increase or
decrease. The mechanisms underlying these
changes are complex and involve alterations
at multiple sites including changes in motor
neuron properties. For down-conditioning

they are dependent on corticospinal signals.
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Figure 35-13 The Hoffmann reflex
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The Hoffmann reflex (H-reflex) is evoked by
electrically stimulating la sensory fibers from
muscle spindles inmixed nerves. The sensory
fibers excite alpha motor neurons, which in
turn activate the muscle. Muscle activation is

detected by the electromyogram (EMG).
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At intermediate stimulus strengths motor
axons in the mixed nerve are excited in

addition to the spindle afferents. Excitation of
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the motor neurons produces an M-wave that

precedes the H-wave (H-reflex) in the EMG.

BEN A TT N P E A
MR, % e THI .

At low stimulus strengths only an H-wave is
produced because only the spindle afferents

are excited. As the stimulus strength

increases, the magnitude of the H-reflex also

increases, then declines, because the

orthodromic  motor  signals  generated

reflexively by the spindle afferents are
cancelled by antidromic signals initiated by
the electrical stimulus in the same motor
axons. At very high stimulus strengths only an

M-wave is evoked.
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Interruption of Descending Pathways to the

Spinal Cord Frequently Produces Spasticity

o T PR A N AT B e
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Muscle tone, the force with which a muscle
resists being lengthened, depends on the
muscle's intrinsic elasticity, or stiffness.
Because a muscle has elastic elements in
series and parallel that resist lengthening, it
behaves like a spring. However, there is also a
neural contribution to muscle tone; the
feedback loop inherent in the stretch reflex
pathway acts to resist lengthening of the
muscle. The local neural circuits responsible
for stretch reflexes provide the brain with a

mechanism for adjusting muscle tone to suit

different circumstances.
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Because the strength of stretch reflexes is
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control-led by higher brain centers, disorders
of muscle tone are frequently associated with

lesions of the motor system, especially those

that interfere with descending motor
pathways. These conditions may involve
either an abnormal increase in tone

(hypertonus) or a decrease(hypotonus).
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The most common form of hypertonus is

spasticity, which is characterized by
hyperactive tendon jerks and an increase in
resistance to rapid stretching of the muscle. A
slowly applied stretch in a patient with
spasticity elicits little resistance; as the speed
of the stretch is increased, resistance to the

stretch also rises progressively.
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Thus spasticity is primarily a phasic
phenomenon. An active reflex contraction
occurs only during a rapid stretch; when the
muscle is held in a lengthened position the
reflex contraction subsides. In some patients,
however, the hypertonus also has a tonic
component; that is, the reflex contraction
continues even after the muscle is no longer

being lengthened.
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The pathophysiology of spasticity is still
unclear. It was long thought that hyperactivity
of stretch reflexes in spasticity resulted from
overactivity of the gamma motor neurons.

Recent experiments have cast doubt on this
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explanation. Although gamma motor neurons
may be overactive in some cases, changes in
the background activity of alpha motor
neurons and interneurons are probably more
important. Especially important may be
modifications in the properties of motor
neurons that enable sustained firing in
response to brief excitatory input (see Chapter

34).
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Whatever the precise mechanism that produce
spasticity, the effect is a strong facilitation of
synaptic transmission in the la sensory fibers
in the monosynaptic reflex pathway. Indeed,
this can provide a mechanism for treatment. A
common therapeutic procedure today is to
mimic presynaptic inhibition in the terminals
of the la fibers by intrathecally administering

the drug baclofen to the spinal cord.
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Baclofen is an agonist of GABA:
(y-aminobutyric acid) receptors; binding of
the drug to these receptors decreases the
influx of Ca2+ into presynaptic terminals,

reducing transmitter release.
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Transection of the Spinal Cord in Humans
Leads to a Period of Spinal Shock Followed

by Hyperreflexia
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Damage to the spinal cord can cause large

changes in the strength of spinal reflexes.

B RE B0 = T BRSO
s EE KA, REEY

89




TRUCAE R L 2 3

Each year approximately 11,000 Americans
sustain spinal cord injuries. More than half of
these injuries produce permanent disability,
including impairment of motor and sensory
functions and loss of voluntary bowel and
bladder control. Approximately 250,000
people in the United States today have some

permanent disability from spinal cord injury.
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When the spinal cord is completely

transected, there is wusually a period
immediately after the injury when all spinal
reflexes below the level of the transection are
reduced or completely suppressed. This
condition is known as spinal shock. During
the course of weeks and months spinal
reflexes gradually return, often greatly
exaggerated. For example, a light touch to the
skin of the foot may elicit strong flexion

withdrawal of the leg.
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The mechanisms underlying spinal shock and
recovery are poorly understood. The initial
shock is thought to result from the sudden
withdrawal of tonic facilitatory influence
from the brain. Several mechanisms may
contribute to the recovery, including sprouting
of afferent sensory terminals and denervation
super sensitivity owing to increased numbers

of postsynaptic receptors.
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Interestingly, the period of recovery from
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spinal shock is much shorter in animals than

in humans. In nonhuman primates the

recovery period is rarely more than a week; in
cats and dogs it is only a few hours. The
longer recovery period for humans
presumably reflects the greater influence of

supraspinal centers on spinal reflex circuits.
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This may in turn reflect the increased
complexity of upright bipedal locomotion.
Indeed, as we shall see in the next chapter, in

humans with spinal cord injury the recovery

RE S T HAL W R 1E 5)
MR ZRtE. FL b, WA
R —EER, 5P emL
I, ANF RSN R

of automatic locomotor patterns is slight | [ H zhiz s =X R 2 151K
compared with that of quadrupedal mammals. | 15,
An Overall View e

Reflexes are coordinated, involuntary motor
responses initiated by a stimulus applied to
peripheral receptors. Some reflexes initiate
movements to avoid potentially hazardous
situations, whereas others automatically adapt

motor patterns to achieve or maintain a

behavioral goal.
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The actual response evoked by a reflex
depends on mechanisms that set the strength
and pattern of responses according to the task
and the behavioral state, or functional set. We
know little about the details of these
mechanisms, except that modification of

synaptic  transmission in spinal reflex

pathways by descending signals from the
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brain is thought to be an important factor.

b,

Many groups of interneurons in spinal reflex
pathways are also involved in producing
complex movements such as walking and
transmitting voluntary commands from the
brain. In addition, some components of reflex
responses, particularly those involving the
limbs, are mediated by supraspinal centers,
such as brain stem nuclei, the cerebellum, and

the motor cortex.

A il S i ) VF 22 ]
WA ITLHHE S5 T E K12
By, AT A AR R K i
PIHEmS. A, —Hx
U IS L PR 2L RS 4 R
W REAR T G, R EE L
HR AL SR, T A
/NI FIIB BN Z .

Reflexes can be smoothly integrated into
centrally generated motor commands because
of the convergence of sensory signals onto
spinal and supraspinal interneuronal systems
involved in initiating movements.
Establishing the details of these integrative
events is one of the major challenges of

contemporary research on reflex regulation of

movement.
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Because of the role of supraspinal centers in
spinal reflex pathways, injury to or disease of
the central nervous system often results in
significant alterations in the strength of spinal
reflexes. The pattern of changes provides an
important aid to diagnosis of patients with

neurological disorders.
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