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Lo GHEEROTAZIT HMEOFMBRETE2TRREAGHBAR "E
SR EER P 0 BEEHUT R RO WIS RBRBERMER" - 2L
BTARIEENM  REZ —  Z2ENIIERRAABYER - SH R85
—~#ZIaxFw%% (Evidence-based medicine, EBM) # ; = ~ Ee JRHF 708 &
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BE-ZBROEARBLLE LN > B UT I A EDELBUTIFT
R EAL S B G BURARMEMRAR -

ER 2Ry LeR¥mb b ReEMALTEELOBOAEF
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W F R EZBATAH R %
Current Methodology of Research in

Manipulation

HA 6L BIE B IR T AR R BT F BERIRE > 4k FRIEREM > fr
LA BA 46 B A8 2 B 5 #+ F £ (Orthopedic Manipulation) » &4 2 k2 4 F 44 - w
BRBA B AR F ok - B AR L PR 2 RIR % AR » LB R4 B B2 RE( 124
EEFHAACE B -MT ) BAIAMRAAE  ZEMaAMHE T
BB HEMFRkFREzr RN EELLZHR -

T HRE R T KT BALEPE ~ MR DB B M oAb g g e R L B
xR M ER B IO E B E 2T F AR (AL ) T A R AT A ey
HRERR > aRZEEGRAUETRESGERBAILEHE - FRNAAGLZEE
RS REHKAT R UL FRBEBEFTALERY BEERZ BN -

0 I 2 B3 B &8 e 1895 4 » Dr. Daniel David Palmer (The Father of
Chiropractic) - F H A% ~ iR 2B > ML ERF A FREESHERE LR AR
FEREBFAZ AR A2 E% > MA SHERRZ Lk o 6% LR L&y 4% A
AMERTEE G ~ NEBAE A > LA B S skl ~ AP E ey B MRk B 8 24t
FieRERABINBESTEMA R AHEYF L BATERALERR > R A
BEAYFTEALTIRASL TERRT2ZXMb, » AREABR LS BRREU"S"AR
POBME D EERLE THELE LS L NSRS, RRFERAZK
Bl X REASIEERRE - W RAEZ MG BPAREe T RAS— | o

IEEMHERERFER XAR > MAFREOBREFREE T E £E2RL
ML TEARSFES ) MMM R B EICA R > WG BB E
R -BRABBEUR  EBRSERFE > BRZGEMES HLEBETRS Y
B AR 48 ER - M Z AT hAE Sk ~ B AL oY » B o535 AR ALy a 585
- WwBGRE AREGEAM N L - ABREF TS  E BRE A B
MBI FRAFIME..EE > ROTRBER - BIb B4 F 0% A B -
HEM S M AXN R BN R ERAATHRFBRIEAET L -

1. B2 BER2AREA > RUE - REBHODE - AT % - #1840 F
A (Plain Film) ~ #7 /& %% (Tomography) 2| & i #7/g #% % (Computerized
Tomography, CT) -~ # % ~ sz ik A% (Magnetic Resonance Imaging,
MRI) ~ 64 ~ 128 ~ 256 7 CT % % 54840 & ;58 TH AR LI o REe A 88
HBIAAE 2 R M AR MEARA] - MEZHMBLREZ MO E > BB
BB ERMF SRR ERE @ -

2. FRIAAGRTERE  EABT RS AL RALZHARBTEAY
FEE AT > AR e IS P o gk o AR R BAER 0 o LA Fu S B
SR ERY E R R ER A RS A RBRUMEWITIR L B RJE H
SR AR AIE 0 RAL DB L ey s o
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WERBE bR RA BRI AR LEE AN EF - RO
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o PR B Eer e 5 — B8 B2 4% o ho 32 238, — 18 & i (cyst) » AR #
Pl A AR F Ik 0365 X T HEHIR - EH e &Ll hmEER > Bibd
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P LA 5k b2 B BT -
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1. Kinesiology. Ed. By Joseph E. Muscolino.

2. Kinesiology. 2nd Ed. By Carol A. Oatis.

3. Clinical Application of Neuromuscular Technique. Ed. By Leon Chaitow,
Judith Walker Delany.

4. Ansys Workbench 12. Huei-Huang Lee.
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6. A% 23~ BUR > 12 SUHRAE ©

7. Structural Body Work. Ed. By John Smith -

8. Malalignment Syndrome. Ed. By Wolf Schamberger.

0.+ BAMI /T LEL RPFITRAYEw -

10. Digital Image Processing. 3rd Ed. (DIP/3e) by Gonzalez and Woods.

11. Sonography of the musculoskeletal system. Ed. By Kaplan PA, Matamoros

A Jr, and Anderson JC.
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BEFEGEELZE L ALK

Introduction of History and Techniques of

Manual Medicine

RS

FisR FEGEBED MABESHEREOFT4E Wi FHBMGH - LAEGE
UFE (REAERE) TURELE > RED SR ERIKEAHEEATHEN - Fik
WL BE2REAE > 4% % Hippocrates (460-370 BC)# B £ + By A 204k - 3,
REOFTHFEBELEBEZ T A=RAR:

(1) Medical System:

FAZMEAMA £ B John Mennell,MD; 3t B 45 James Cyriax,MD; 3 % &4
Karel Lewit,MD; z# 484 Jiri Dvorak,MD; % & # Robert Maigne,MD; #F & &4
Freddy Kaltenborn,PT;, ;& i & Geoffrey Maitland,PT, 4 & # # Robin
McKenzie,PT £ Brian Mulligan,PT -

(2) Osteopathic System:

FEEMEAME ERE Andrew T. Still,DO,MD; Fred Mitchell,DO; Lawrence
Jones,DO; William G. Sutherland,DO -

(3) Chiropractic system:

HEEMKEAMA LR D.D. Palmer,DC; B.J. Palmer,DC; Clarence S.
Gonstead,DC; Arlan Fuhr,DC; George Goodheart,DC -

FR2k LAY LAR - RE T KAH 44 1983 4% # Fischingen
B esmadn ' FEABLHBRABNATRAALLY FHARBOKE
T o kB FE A EEE - (The goal of manipulation is to restore maximal,
pain-free movement of the musculoskeletal system in postural balance.) | i B
HHmEERTFRBEB20HE -

. Glossary ( & £4i53&

® Manual therapy (Fi%:4% ): Procedures by which the hands directly
contact the body to treat the articulations or soft tissues. The
procedures include manipulation, mobilization, traction, massage and
stimulation.

® Manual medicine (¥ %454 % % ): A part of medicine which focuses on
the musculoskeletal system and the somatic manifestations of disease
and derangement of the internal viscera. Manipulative procedures are
used primarily to increase mobility in restricted areas of the

musculoskeletal system and to reduce pain.
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® Thrust (= Impulse ) (%% ¥4k ) Sudden manual application of a
controlled directional force upon a suitable part of the patient (usually
an articulation) beyond the elastic barrier.

® Manipulation (F %4574 4% ) A manual procedure that involves a
directed thrust to move a joint past the elastic barrier, into the
paraphysiologic space, without exceeding the anatomic limit.

® Mobilization(# &y 47 ): Movement applied singularly or repetitively within
or at the elastic barrier, without imparting a thrust or impulse, with the
goal of restoring joint mobility.

PASSIVE ROM ACTIVE ROM

Figure 3.16 Joinl mofions:
The diogram represenis
joint molion in one plone
starling from a neutral posi-
EB tion. Joint play occurs in the
N neutral position, followed by
J:Py the active and passive
Neutral ranges of motion. The pas-
Limit  Joint Trauma el sive range of motion goes
vor Pathology _ -~ beyond the aclive range of
- motion entering the joint’s
Xz elastic limif and encoun-
tering the elostic barrier. Fol-
lowing cavitation, the para-
physiologic space extends
EPZ = EndPlay Zone the passive range of molion.
EB. = Elastic Barrier IF the joint is carried beyond
1.p. = Joint Play its analomic limit, trauma re-
P.S. = Paraphysiological Space sults.

Il. History of Manual Medicine ( & F 454 B L B &)

A. Manual medicine is as old as the science and art of medicine
itself...

1. There is strong evidence of the use of manual medicine procedures
in ancient Thailand at least 4000 years ago.

2. The first recorded manipulation was found in the Chinese kong fu
writings dated 2650 BC. The following drawing copied from an
ancient Chinese literature depicting neck manipulation in China as
early as 940 AD.

il'ﬁ'ﬂ’rﬂﬂ

3. Medicine :
a. Hippocrates (460-370 BC) described spinal manipulation with
the patient prone and stretched in traction in his great work
7




b.

“Corpus Hippocrateum’.

Hippocrates

Claudius Galen (130-202 AD), known as the “Prince of
Physicians” treated the paralysis of the right hand of Eudemas
by manipulation of the cervical vertebrae. Galen, who
understood the relationship between the nervous system and
spinal vertebrae, was greatly influenced by the works of
Hippocrates. Galen’s influence on the medical world lasted 1500
years.

Galen

4. Bone setters (3567 ):

a.

Before 19™ century, physicians were seldom involved in patient
contact. The role of manual medicine in the healing art seems to
have declined.

The 19™ century was a popular period for “bone-setters” both in
England (Mr. Hutton, Herbert Barker) and in the United States
(the Sweet family).

European medical doctors in 19" century avoided paying
attention on the art of "bone setting." But in 1867, a famous
British surgeon, Sir James Paget, recognized the evolving art in
his article in the British Medical Journal entitled "Cases that
bone setters Cure". He described the types of spinal
manipulation known at the time and gave the following advice:
"learn, then, to imitate what is good and avoid what is bad in the

8



5.

practice of bone setters..." Obviously, the medical profession
paid little attention to his advice.

Osteopathy :

In 1874 an American medical doctor Andrew Taylor Still
(1828-1917), who was gravely dissatisfied with the results of
medicine and surgical procedures, founded Osteopathy. Still used
treatment methods including manipulation to improve circulation
and to correct altered mechanics instead of using medications and
performing surgery. Over the years, as medicine modernized, the
use of Osteopathy has diminished. In America, this profession is
now mixed into medicine.

Andrew T. Still

6. Chiropractic:

a. The first chiropractic adjustment was performed in Davenport,

lowa in the year 1895 by Daniel David Palmer (1846-1913).
D.D. Palmer was practicing as a "Magnetic Healer" in Davenport,
lowa, USA for a number of years prior to founding Chiropractic.
The term "chiropractic" was first coined from two Greek words by
D.D.'s close friend, the Reverend Samuel H. Weed: "cheir"
(chiro) for "hand" and "praxis" (practic) for "practice"; thus,
chiropractic means "done by hand". In 1902, 15 students
graduated from Palmer School of Magnetic Cure, among those
was his own twenty-year old son Bartlett Joshua Palmer (know
as B.J.). In 1904, D.D. changed the name of the school to
Palmer School of Chiropractic.

. Bartlett Joshua Palmer.(1882-1961) was the most significant

figure in the chiropractic's first fifty-year history. He was a
brilliant marketer, educator, and inventor. Besides writing the
first chiropractic textbook and running the first chiropractic
college, he coined the radio business term -- "broadcasting". He
spoke to the folks all over the country about chiropractic on his
radio stations. With this broadcasting and later, TV empire, he
assured the future successful development of chiropractic as
one of the largest alternative healthcare system in the U.S. A.

9




D.D. Palmer B.J. Palmer

7. Medical Manipulators

a. The 20" century has found renewed interest in manual
medicine in the medical profession. In the first part of the 20"
century, James Mennell and Edgar Cyriax brought joint
manipulation recognition within the London medical
community.

b. John Mennell, the son of James Mennell, continued the work
of his father in the U.S.A. and contributed extensively to the
manual medicine literature and its teaching worldwide.

c. James Cyriax (1904-1985) , a remarkable British orthopedic
surgeon, incorporated manual medicine procedures in the
practice of “orthopedic medicine” and founded the Society for
Orthopedic Medicine. In his later years, Cyriax came to believe
that manipulation restored function to derangements of the
intervertebral discs and spoke less and less about specific
arthrodial joint effects of manipulation.

James Cyriax

d. Goal of Manipulation :
In 1983, in Fischingen, Sweden, a 6-day workshop was held
and reached a consensus on the goal of manipulation:

10



The goal of manipulation is to restore maximal,
pain-free movement of the musculoskeletal system

in postural balance.

G B FIEA56 69 H 69 0 B BILA TR 7 G L5
P S 69 E T B RA 6958 /5 -

lll. Techniques of Manipulation

A. Medical System
1. Cyriax Approach :
a. Founder: James Cyriax, M.D. ( 1904-1985, British orthopedic
surgeon )
b. Features:

v' “Orthopedic medicine” uses functional examination

(selective tension test) “ to clarify where the lesion is
( contractile or non-contractile tissues ) .

v Treatment methods: deep transverse friction, traction,

- manipulation & injection.

v" The objective of Cyriax’s spinal manipulative techniques is
to alter the disco-dural or disco-radicular interaction by
moving a displaced cartilaginous fragment away from the
sensitive dural mater and dural nerve sleeve. Non-specific
long-lever manipulations create a torsion force through an
intact posterior longitudinal ligament & annulus fibrosus
which moves the disc away from the dura mater and dural
nerve sleeve.

2. Menell Approach :
a. Founder: John Menell, M.D. (U.S.A.)
b. Features:

v' The assessment and treatment of Dr. Menell's method
evolves around the concept of joint dysfunction— a loss of
one or more involuntary movements (accessory movement
or joint play), which occurs at any synovial joint.

v' Dr. Menell advocated the use of “fractional therapeutic
movement (mobilization or thrust)”, one direction at a time,
to restore normal joint play and hence normal range of
motion.

3. Janda & Lewit Approach :
11




/ 4
Vladimir Janda, M.D. Karel Lewit, M.D.

a. Founder: Viadimir Janda, M.D. & Karel Lewit, M.D. (Czechoslovakia)
b. Features:

v" The concept of “functional pathology” is proposed by Dr.
Janda (a physiatrist) and Dr. Lewit (a neurologist), who
practice and teach in the beautiful city of Prague,
Czechoslovakia.

v' Functional pathology refers to a dysfunction in the
neuro-musculo-skeletal system. It can express itself as
muscular imbalance and improper motor coordination and
results in altered joint position, altered range of motion,
impaired reciprocal inhibition, slowed proprioceptive
response, and altered movement patterns.

v'  Post-isometric Relaxation (PIR) is a gentle technique used
to relax hypertonic muscle. It is developed by Dr. Lewit.

v'  Post-facilitation Stretch (PFS) is developed by Dr. Janda
and is an aggressive stretch that is used for muscles that
are chronically shortened.

4. Maigne Approach :

Robert Maigne, M.D.

a. Founder: Robert Maigne, M.D. (France)
b. Features:
v" Dr. Maigne advocates manipulating in the direction in which
the ROM is free and opposite to the direction that provokes
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pain. He proposed the term “painful minor intervertebral
dysfunction (PMID)” for this painful, benign, self-sustained
dysfunction of the spinal segment.

v" PMID is associated frequently with abnormal tissue reflexes
which are grouped under the term “segmental
celluloperiosteomyalgic syndrome”.

"~ 5. Kaltenborn Approach :

a. Founder: Freddy Kaltenborn, P.T. (Norway)
b. Features: ‘
v" Concave-convex rule:

1) If the fixed joint surface is concave and the mobilized
joint surface is convex (e.g., the GHJ), mobilization is
carried out in the opposite direction to the direction of
restriction.

2) If the fixed joint surface is convex and the mobilized joint
surface is concave (e.g., the tibiofemoral joint),
mobilization is carried out in the same direction to the
direction of restriction.

v Positions of the joint:

1) Close packed position:

- The ligaments and joint capsule are maximally taut.
- = Position of injury.
2) Loose packed positions:
- The ligaments and joint capsule are maximally loose
(resting position).
- = Position of treatment (e.g., joint play treatment)
v" Therapeutic movements:

1) Gliding movement

2) Rolling movement

3) Traction

6. Maitland Approach :

Geoffrey Maitland, P.T.

a. Founder: Geoffrey Maitland, P.T. (Australia)
b. Features:
v Pain and its relation to limited range of motion play a role in
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determining the grade of mobilization that is to be given.
v 4 grades of mobilization :

Grade | :small amplitude, resistance-free (beginning of ROM).
Procedures: Oscillations (2-3/sec) x 10 sec = rest
for 10-15 sec - repeat for 2-3 times.

Indication: acute painful joint (pain happens before
end range).

Grade Il : large amplitude, resistance-free (middle of ROM).
Procedures: Oscillations (2-3/sec) x 20-30 sec >
rest for 30 sec 2 repeat for 3 times.

Indication: subacute painful joint (pain happens
before end range).

Grade lll :  large amplitude, into resistance toward end range.
Procedures: Oscillations (2-3/sec) x30-60 sec >
rest for 30-60 sec - repeat for 4-5 times.
Indication: joint capsular problem (pain happens at
end range or no pain at end range).

Grade IV : small amplitude, into resistance toward end range.
Procedures: Oscillations (2-3/sec) x30-60 sec =
rest for 30-60 sec = repeat for 4-5 times.
Indication: as grade lII.

7. McKenzie Approach :

Robin McKenzie, P.T.

a. Founder: Robin McKenzie, P.T. (New Zealand)
b. Features:

v' The McKenzie approach to treatment is based on the
patient's symptomatic and mechanical responses to
mechanical loading. The therapeutic movements are those
which “centralize” the patient’s pain.

v Three syndromes are proposed by McKenzie:

B Postural syndrome: overloading on normal tissues.

B Dysfunction syndrome: normal loading on shortened
tissues.

B Derangement syndrome: something wrong within the
joint (disc or meniscus problems)
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v" McKenzie strongly recommended self-applied therapy (e.g.,
prone lumbar extension exercises).
8. Mulligen Approach :

Brian Mulligan, P.T.

a. Founder: Brian Mulligan, P.T. (New Zealand)
b. Features:

v" Mulligan’s concept of mobilisations with movement (MWMs)
in the extremities and sustained natural apophyseal glides
(SNAGS) in the spine are the concurrent application of both
clinician applied accessory and patient generated active
physiological movements.

v' MWNMs for the extremities and SNAGs for the spine are
used to correct tracking problems of the peripheral joints
and the facet joints of the spine.

B. Osteopathic System
1. Osteopathic Manipulation
a. Founder: Andrew T. Still, M.D., D.O.
b. Features:

v'  Osteopathic lesion = somatic dysfunction : impaired or
altered function of related components of the somatic
system; skeletal, arthrodial, and myofascial structures; and
related vascular, lymphatic, and neural elements.

v' Methods: mobilization with or without impulse technique.

2. Muscle Energy Technique
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Fred Mitchell, D.O.

a. Founder: Fred Mitchell, D.O.
b. Features:

v" Rationale: postcontraction relaxation of muscles.

v" Goal: (1) to restore normal joint function (2) to relaxation of
muscles.

v Barrier phenomenon: the tissue resistance perceived by a
clinician who applies passive movements on the associated
tissues.

v" Procedures:

1) Take the joint gently to tension (engage barrier).

2) Induce a gentle isometric contraction away from the
barrier for 3-5 sec (or isotonic contraction into the
barrier).

3) Gently pushing the joint in the direction of correction for
5-15 sec (or until a release or melting sensation is
perceived).

4) Wait about 5-15 sec for subsequent release if normal
motion has not been restored.

5) Repeat until normal motion is perceived (3-5 times).

3. Strain-Counterstrain
a. Founder: Lawrence Jones, D.O.
b. Features:

v' Rationale: overstretching (strain) of muscle (agonist),
tendon, lig, fascia - antagonist hypershortened (both
intrafusal & extrafusal fibers) - rapid return to neutral
position—=>antagonist : high gamma gain of intrafusal fibers
(still shortened & contracted), but extrafusal fibers has been
lengthened - disparangement happens - Movement that
stretched the shortened antagonist provokes the pain 2>
Thus, the antagonist needs treatment (neurological
dysfunction), not the overstretched agonist.

v' Treatment: passive shortening of antagonist to the point of
initial strain = point of treatment = counterstrain (tenderness
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on antagonist gone) - hold for 90 sec - passively and
slowly return to neutral position (the gamma system has
been reset).

4. Cranial (CranioSacral) Therapy

William G. Sutherland, D.O.

a. Founder: William G. Sutherland, D.O.
b. Features:

v" Craniosacral rhythum: the human brain makes rhythmic
movements at a rate of 10 to 14 cycles per minute, a
periodicity unrelated to breathing or heart rate. Small
cranial pulsations can be palpated with the fingertips.

v" Restriction of movement of the cranial sutures interferes
with the normal flow of cerebrospinal fluid and cause
dysfunctions.

v" Craniosacral dysfunctions can be diagnosed by detecting
aberrations in this rhythm. Using a soft touch generally no
greater than 5 grams, practitioners release restrictions in
the craniosacral system to improve the functioning of the
central nervous system.

C. Chiropractic System

. Diversified Technique

. Distraction Techniques

. Gonstead Technique

. Activator Technique

. Applied Kinesiology

. Sacro-occipital Technique (SOT)

. Thompson Technique

. Upper Cervical Technique (HIO, hole in one)
. Basic Technique

1
2
3
4
5
6
7
8
9
10. Nimmo Receptor-Tonus Therapy
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R ASRE R —EEFFA R EA

ERERRAZEBEFEH — LR RRT LRI T @ -4 Fanselow
% A(4)#5 & : Touch is an active process, but how do the body's somatic
sensors influence its movement? In this issue of Neuron, Nguyen and Kleinfeld
show that afferent activity from the whiskers on a rat's face trigger rapid and
prolonged excitation of the motor neurons that drive movements of the same
whiskers. Positive feedback through this sensorimotor loop may serve to
optimize the interaction between sensors and stimuli.:2 B #F % 35 & — s 45 21 69
REBEM—EBRIZHEERFEMMNGBE -

Fallon B4ty B E(B)R AR T ez B A/ P H: It has been known for
some time that populations of cutaneous and muscle afferents can provide
short-latency facilitation of motoneuron pools. Recently, it has been shown that
the input from individual low-threshold mechanoreceptors in the glabrous skin
of the hand can modulate ongoing activity in muscles acting on the fingers via
spinally mediated pathways. We have extended this work to examine whether
such strong synaptic coupling exists between tactile afferents in the sole of the
foot and motoneurons supplying muscles that act about the ankle. We recorded
from 53 low-threshold mechanoreceptors in the glabrous skin of the foot via
microelectrodes inserted percutaneously into the tibial nerve of awaken human
subjects. Reflex modulation of ongoing whole muscle electromyography (EMG)
was observed for each of the four classes of low-threshold cutaneous
mechanoreceptors (17 of 21 rapidly adapting type I; 2 of 4 rapidly adapting type
II; 7 of 18 slowly adapting type I; and 4 of 10 slowly adapting type Il). Reflex
modulation of the firing probability in single motor units (5 of 11) was also
observed. These results indicate that strong synaptic coupling between tactile
afferents and spinal motoneurons is not a specialization of the hand and
emphasizes the potential importance of cutaneous inputs from the sole of the
foot in the control of gait and posture. EEH B~ T H#H & B &9 R Tre e &
LA BRI B ERRARLEFLARBEP $HGFTZH  REAHL
HTHMEREZNER  PEFHLRORERREAE —IRENFE -

BETERWXO) FHHETERANTRBEFNFGBRENREAN - LA
AK i B2 A F A ERA XA LY TL REE > LB HERHAE
(Neurolymphatics) » % & 4 Jk & 4t 2 (Neurovascular) @ R4 R 4t & (Acupuncture
Meridian Center) & TraE R X AZET TL AFFMBEY T B - AR A
Although the exact mechanism is not entirely clear, measurement of electro
skin impedance of dermal-visceral zones has the potential to serve as a
screening tool for inner organ pathologies. Further research should be
conducted to create more evidence to support or dispute the use of this
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technique as a reliable diagnostic tool.
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Trauma to Soft Connective Tissue

Introduction

Soft tissue injury involves damage to the structural elements of connective
tissue with rupture of arterioles and venules. A general inflammatory reaction
follows (Table 1), one role of which is defensive in that it prompts the subject to
restrict activities while recovery takes place.

Table 1 Stages of repair after mechanical damage to soft connective tissue

Stage Reaction

[ Inflammation: clearance of debris and preparation for repair
Vasoconstriction (5-10 min) followed by vasodilatation and increased capillary permeability
leading to:
Exudation
Liquid component
Fibrinogen
Cellular component
Il Granulation: formation of scar tissue (48 h to 6 weeks)
Vascular infiltration
Fibroblast proliferation
1 Remodelling (starts at the third week and may continue for 1-3 years):
Devascularization
Maturation
Remodelling

Regardless of the site of injury and the degree of damage, healing
comprises three main phases: inflammation, proliferation (granulation) and
remodelling. These events do not occur separately but form a continuum of cell,
matrix and vascular changes that begin with the release of inflammatory
mediators and end with the remodelling of the repaired tissue. Connective
tissue regenerates largely as a consequence of the action of inflammatory cells,
vascular and lymphatic endothelial cells and of fibroblasts.

Inflammation

The first reaction is vasoconstriction of small local arterioles that lasts
about 5-10 minutes and is followed by active vasodilatation and increased
blood flow for 1-3 days. .In major injuries with damage to blood vessels, blood
escapes to form a haematoma that temporarily fills the injured site. Within the
haematoma, fibrin accumulates and platelets bind to collagen fibrils to form a
clot that provides the framework for invasion of vascular cells and fibroblasts.
The vascular changes and further inflammatory reactions are initiated by
chemical mediators released from destroyed tissue cells. Mast cells release

29




heparin (anticoagulant) and histamine (vascular dilator). Plasma cells produce
bradykinins and substance P (pain and vasodilatation). Platelets produce
serotonin, prostaglandins and growth factors that stimulate migration,
proliferation and differentiation of cells. In addition, mediators cause migration
of leukocytes into the injured area and swelling of the endothelial cells that line
vascular channels. The endothelial cells pull away from their attachment to
each other to leave sizeable gaps between cells that increase the permeability
of vessels and so allow plasma, cells and proteins to escape. As a result, the
presence of these proteins enhances the flow by osmosis of more plasma into
the injured extracellular space. The whole process is the exudative phase. The
liquid part of the plasma exudate dilutes potentially noxious substances and
products of cell destruction and helps in their elimination by the supply of
globulins and enzymes.

Another important substance is fibrinogen which forms an extensive
network of fibrin into which fibroblasts can migrate along with other reparative
cells.

The cellular parts of the exudate are:

* Neutrophil granulocytes responsible for phagocytosis and proteolysis of
the products of cell destruction.

* Lymphocytes which increase permeability and help to activate the
phagocytosis of damaged cells.

- Macrophages whose role is probably to engulf and digest protein and to
supply amino acids to the fibroblast; macrophages remain present
throughout the entire inflammatory phase to assist in the phagocytosis
of tissue debris and are also key cells in repair.

The well-known clinical signs of inflammation are: swelling, warmth, pain,
tenderness and functional loss — a defensive reaction of the body that prompts
the subject to restrict activities while recovery takes place.

REPAIR

It is worthwhile to mention that only the synovial capsules of the joints,
skeletal muscle and bone are, to some degree, capable of regeneration. All
other connective tissues heal by repair with the formation of collagen and thus
scar tissue.

Once the exudative phase has cleared debris by dilution and phagocytosis,
fibroblasts and capillaries migrate along the fibrin network. The process of
vascular infiltration, fibroblast proliferation and the deposition of collagen
usually begins within 48 hours of injury overlapping with the end of the
exudative phase and the later remodelling phase. Repair is begun and directed
by the release from macrophages of chemotactic agents which attract
fibroblasts and endothelial cells, secrete growth factors which stimulate these
cells to proliferate and produce lactic acid which enhances the synthesis of
collagen by fibroblasts. High levels of corticosteroids prevent the migration of
macrophages.

During their proliferation, fibroblasts develop into cells termed
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myofibroblasts that generate a traction-like activity on the matrix required for
the reduction of any gap in the healing area.

Capillaries, at the edge of the injured area, send forward buds which then
turn and meet each other to form new capillary loops capable of maintaining a
circulation that ensures oxygen and nutritional supply in the relatively hypoxic
region where the healing tissues meet and, at the same time, enables the
removal of metabolic waste products. These new capillaries are fragile and
stay within the support of newly synthesized collagen which has already been
deposited ahead of the formation of the capillary loops. The highly vascular
mass produced gives the surface of the tissue its granular appearance and
hence its name — granulation tissue.

By the fourth or fifth day after injury the amount of collagen is significant
and there is a progressive but gradually slower increase up to 6 weeks after
injury. Corticosteroids decrease the number of fibroblasts and result in a
diminished formation of collagen fibres and possibly a weaker fibrous scar.
Normally the initial arrangement of collagen fibres is at random but after 6
weeks tensile strength continues to increase because of orientation of fibres
along the lines of stress in the injured tissue (remodelling).

Remodelling

Around the end of the third week maturation begins — the process of
reshaping and strengthening the scar tissue by removing, reorganizing and
replacing cells and matrix. A better structural orientation and increase in tensile
strength result.

* First, vascularization decreases and many of the new vessels atrophy
and disappear as the blood supply becomes appropriately adjusted to
the needs of the scar tissue.

» Second, the amount, form and strength of scar collagen changes: the
immature and weak tissue with a random orientation of fibres in three
planes is remodelled into linearly arranged bundles of connective
tissue. The process is the result of a number of factors, including
turnover of collagen, fibre linkage and increased intermolecular
bonding.

It is now generally recognized that internal and external mechanical stress
applied to the repair tissue is the main stimulus for remodelling. Tension by
gentle movements in functional directions reorientates the collagen and breaks
any weak or unnecessary crosslinks that may have formed. Mechanical stress
thus has its greatest influence on remodelling at this time. Non-functional
collagen is cleared away by phagocytosis.

Remodelling may continue for years although more slowly as time passes.
The tensile strength of replaced or repaired collagen in ligaments reaches 50%
of normal by 6-25 months after injury and 100% only after 1-3 years. The
strength of a scar formed in an injured muscle increases faster because of its
superior vascular supply.
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Self-Perpetuating Inflammation

The linear sequence of events described above — an inflammatory reaction
followed by repair and remodelling — is typical for acute wounds, either
accidental or surgical. Orthopaedic medicine, however, also deals with chronic
repetitive strains and tissue disruptions, overuse phenomena and excessive
tension on devitalized tissues. Here the reaction of the tissues involved is often
not linear; the inflammation may be prolonged and the formation of scar tissue
excessive and inappropriate.

Rest usually initiates adhesion formation in and around the healing breach.
Oedema raises tissue tension and causes pain, so impeding functional
movements that are extremely important in the early stage of regeneration.
Without proper movement there is no balance between formation and lysis of
the regenerating elements of the involved tissue. Proper alignment of collagen
does not result and the final form of the scar tissue tends to remain
ill-organized. Any small stress applied to an inappropriate tissue is sufficient to
disrupt newly formed fibres in the healing breach. This in turn starts another
inflammatory response and a vicious circle of chronic repetitive disruptions of
inferior quality connective tissue will result. If such a state of chronic
inflammation is maintained, the function of the affected area continues to
deteriorate and leads to further tissue damage.

Cyriax drew attention to such chronic types of inflammation of soft tissues
that began as a result of trauma but continued long after the cause had ceased
to operate — self-perpetuating inflammation (see Fig. 1) — particularly prone to
happen after a minor injury to a ligament. Occasionally it also occurs as an
overuse phenomenon in a tendon. With knowledge of the inflammatory
reaction in traumatized soft tissues, it is clear that lack of movement during the
period of repair and remodelling which leads to adhesive scar tissue formation
can be responsible for some chronic lesions.

The decision whether a lesion requires rest or movement cannot be taken
by the patient, who feels pain and loss of function and interprets these
symptoms as a potential threat that can be reduced by immobilization. The
main goal in the treatment of musculoskeletal lesions is therefore to guide the
healing soft tissues through the stages of inflammation and repair by the
provision of sufficient and appropriate motion that can restore painless function.
If a chronic self-perpetuating inflammation has become established, a local
infiltration of corticosteroid may interrupt the process. The scar become
painless and the tissue, no longer deprived of its functional motion and
appropriate stress, starts to remodel. Another approach which helps to reduce
the amount of disorganized scar tissue is to perform deep transverse friction
followed by manipulation.
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Inflammatory reaction:

e release,
dead cell clearance

Figure1 Self-perpetuating inflammation: rest initiates adhesion formation;
stress applied at the inappropriate time disrupts the newly formed fibres, which
starts another inflammatory response. |, inflammation; II, repair; I,
remodelling.

Effects of Immobilization on Healing
Joint capsule and ligaments

Disturbance of the blood and lymph stream in the synovial membrane
influences the supply of nutrients and the scavenging of metabolic products
and destroyed cells. Joint immobilization reduces synovial fluid hyaluronan
concentration and is accompanied by changes in the synovial intimal cell
populations.

In a study on the effects of immobilization of knee joints of dogs, deposition
of excessive connective tissue was noted. In the course of time, mature scar
and intra-articular adhesions were found which restricted joint motion. Within
the matrix a 4.4% loss of extracellular water and a significant reduction in GAG
content (30-40%) was established. Ingrowth of new capillaries at the edge of
injured tissue was diminished. Other workers studied the effects of
immobilization on the knee joint of the rabbit. They confirmed the findings in the
dog but also postulated that loss of water and GAG content would decrease the
space between collagen fibres and thus restrict normal interfibre movement.
Random orientation of newly generated fibrils and the formation of crosslinks
between newly regenerated fibrils and pre-existing collagen fibres were other
findings responsible for decreased collagen mobility and restricted movements.
These matrix changes are relatively uniform in ligament, capsule, tendon or
fascia. Some specific studies on collateral and cruciate ligaments have
demonstrated laxity, destruction of ligament insertion site and failure at a lower
load after immobilization for 3 months.
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Cartilage

Several authors have also demonstrated the deleterious effects of

immobilization on cartilage.

» Shortening and thickening of fibrous articular capsule gives rise to a
three-fold increase of the compression of articular cartilage, which may
eventually initiate degenerative changes in the joint.

*Loss of water content and GAGs in cartilage decreases its elastic
properties.

* Decreased capsular blood supply leads to a deposit of some end-products
of metabolism at the joint surface.

* Lysosomal enzymes released from dead chondrocytes lead to an
autolysis of cartilage which is proportional to the time of immobilization.

Muscle

Muscular reactions to immobilization have also been investigated. There

is:

* Decreased capillary density and muscle atrophy.

* Decrease in muscle strength most dramatically during the first week of
immobilization. After 2 weeks in a plaster cast, there is 20% loss of
maximum strength. Slow muscle fibres, with predominantly oxidative
metabolism, are more susceptible to immobilization atrophy than are fast
fibres.

* An increased amount of connective tissue. Proliferation first takes place in
the perimysial spaces, followed sometimes by the endomysial spaces. Itis
suggested that this may impair the vascular supply of muscle fibres and
could facilitate degeneration and also could make regeneration more
difficult. Although muscle structure, metabolism and function are severely
impaired after immobilization, almost complete recovery is possible
provided that the training programme starts with very moderate exercises
and avoids maximum voluntary efforts of regenerating muscle fibres.

* Disturbance of neuromuscular coordination of muscle groups.

The same studies drew attention to the reactions of organ systems, such

as the cardiovascular, respiratory, locomotor and autonomic, which may also
become disturbed.

Effects of Mobilization on Healing

The benefit of early mobilization in most of the soft tissue lesions was
advocated by Hippocrates more than 2,400 years ago. Capsular circulation is
increased (Table 2) which aids the supply of nutrients and elimination of
cartilagenous debris. Physical joint movements have a beneficial effect on the
assimilation of nutrients by the cartilage.

Experimental findings on the influence of physical activity on ligaments and
tendons support the view that the strength of connective tissue is increased
with exercise training and decreased with immobilization, provided that the
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exercise programme is of an endurance nature. Trained animals have
significantly heavier ligaments, stronger ligament-bone junctions and junction
strength to body weight ratios. Similar effects pertain in repaired ligaments,
which show significantly higher strength values after repair is complete if they
have not been immobilized. Early mobilization also considerably influences the
remodelling process and prevents formation of abnormal adhesions that may
restrict joint movements.

Another advantage of early mobilization is the positive effect on skeletal
muscles, with increased circulation, muscle strength and endurance and
maintenance of proprioceptive reflexes, which ensure the active stability of the
joint.

Table2 Effects of immobilization and mobilization on soft tissue

Tissue Immobilization Mobilization
Joint capsule 1. Distribution of blood and lymph flo 1. increased circulation
2. Intense synovitis 2. Prevention of abnormal adhesions
3. Loss of extracellular water and 3. Beneficial influence on the remodeling
GAG content

4. Deposition of excessive connective 4. Increase of strength of tissue connective
tissue in ligaments
5. Decreased collagen mobility
6. Intra-articular adhesion
7. Laxity and destruction of ligament

insertion site
Synovial fluid Alteration of viscoelastic properties
Cartilage 1. Increase of compression 1. Beneficial effect on assimilation of nutrients

2. Deposit of end-products of metabolism
3. Decrease of elastic properties
4. Autolysis of cartilage

Muscle 1. Atrophy 1. Increased circulation
2. Decrease of strengt 2. Increase of muscle strength
and endurance
3. Increase of amount of connective 3. Maintenance of proprioceptive

tissue reflexes which ensure active
' joint stability
4. Disturbance of neuromuscular
coordination of muscle groups
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I will introduce the history of immune cell therapy development and discuss
its shortcomings and future potentials. In addition, | will present preclinical and
clinical examples that have successfully treated infections and cancers using
advanced immunotherapy technologies.
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