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ABSTRACT

Seven large white male New Zeoland rabbits were selec

-

for ;nvésfigbtion. .

The study examined the effe;ts of soft tissue manual
therapy on'injured‘gostrocnemiuqofgnbbits over a period.of
tﬁenty-one‘days after injorf.\ The'problem was to demonstrate
lany healing efféctiéf doily treated muscle as cémpored to un-
. treated mdscle.l‘The site of injury was limited to the medial

' heod of gastrocnemius. Eoch rabbit ‘was injured with o‘direct
force under anaesthesia; both hind leg; were injured, one
randomly chosen leg wos treated, the other acted as its contrc
for qacﬁ rabbit. B ’ v

th”ﬁas neceésor} to design.aﬁ insirumeﬁt to suffic-
iently tfaumotize the stte only,.and couse closed trauma.
Further, a method of objectively recordiﬁé the "dosages" of
;reatment with regord to the technique was devised so that
',treatments were reproducoble
| When tak1ng the tissve for histology on the approp-
riote &esignated days, it was possible through initial measure
meﬁts taken prior to iﬁjupy,'tb localize the epicentre of what
was. the trouma sige, and to take the tissve from this impoact
[gheo for subsequent'histoIogical invbgtigation. Longitudinol
sections of‘all of the tissves were prepored ond stained with
haemotoxylin and eosin, to examine regenerotion of new muscle,.
E and with'trichrome to evidence fibroblastic activity and

v
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collagen ‘connective tlssue\prolfferqt{on consistent with scor

RN

férmotion}

\

It wos concluded that repair of skeletol muscle in

q
experimental onimals followed a pattern and progression similar

to human skeletal muscle.v Further,  the treatment resulted in
.‘ - .’ ' .

a more c&hplet; repair. .

o
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Chapter 1

THE PROBLEM

Introduction

The technique of 'soft tissue monipulotion.is frequently
used éo aid healing of traumatized skeletal muscle (Cyriax,
1969). Al}hough a clinically ef%ective technique, the skeletal
muscle tis;ue response to such monipulation has not been exam-
ined in a controlled manner ond documented. The process éf |
skeletal muscle degeneration qnd subsequent regeneration has
-‘been décumented over the bost one hundred years (Allbrook and
Aitkeﬁ, 1951; Blontoff and Walker, 1940; Dpnny-érowﬁ, 1951;
Godman, 1957; LeGros, 194¢); However, this process has only
been histologically examined within the last thirty years
(Bischoff, 1972, 1975; Church, 1970; Church, Noronha, and
Allbrook, 1944; Jérvinen, 1975; Mouro,'l961; Muir, Kanji, and
Allbrook, 1945; Williams and Goldspink, 1971). The effects
of the therapeutic intervention on the'procgss,'ih particular
soft tissue manual manileativestherapy, have not beeﬁ inves-
- figateﬁ: In view of the freqﬁency~with which soft tissuve
mon;pulotion is used by cliniciaons in the bélief that muscle
tissve r;gene:otion is being influenced and the lack of
$cientific'ottention to this technique, it is imperative that
research be underfoken._ Such research has procticol clinical
imﬁlicbtions with;reédrd,to effectiveness of treatment and 

| 1




'validdtion of treatment methodologies.

Objective of the Study

The objective wos to determine if a reliably admin-
" istered me;sured "dosage” of soft tissue manipulation aopplied .
to traumotized skeletal muscle enhances healing rote, as

compared to no treatment.

Significance of‘the Study

Manual soft tissue manipulotion is frequently used in
the treotment of skeletal muscle trouma in conjunction with
electrotherapeutic ond other theropeufic modalities. With
»regord to closed skeletal muscle trauma, clinicions require
an accurate knowledge of the normal process and rate of regen-
eration. Further to this, the effect of o given "dosage"
of localized monual treatment on the procees ond quality of
rebolr needs to be known.

Judicious ond progressxve treotments require obJectxve
meosurement of the pressure opplxed to the healing tissues’
by the use of the hands, and the frequency, duration ond_pro-
gression of such treotments. Current methodologies lacﬁ_
‘objectivity and ate thus difficult to reproduce and staondordize.

Tﬁe coetribution of o study of the effeet‘of manual
manipulative theropy on rabbit skeletol muscle is that such
investigotion allows for o compurison of treeted versus
untreated muscle hecling following measured, stondardized,

clpsed-trodmo. The odministration of_amset “dosoge“ to one



of the robbi@ limbs while the other equollx injured limb is
untreoted allows for comparisons bethen normal healing and
the intervention into the normal process.,

Ethicol considerations prevent'xhe infliction of
trouma to human living skeletal muscle and its subsequent
removal for histologicol investigation following trouma.
Implications for the manual treatment of human skeletol muscle
trauma may not be ﬁode from rabbit skeletal muscle investi-
gation to human gostrocnemius tissve. However, without such
descriptive information, the clinician will continue to act

3

.En the bésis of belief, rather thon fact.

Delimitotions . -

l. The investigotion wos restricted to seven mole.
robbxts of similor oge and weight treoted for periods stoted
following trauma. .

‘é. Investxgotion wos restricted to the regzon of the
mid-belly of the medial gaostrocnemius muscle. | ‘

SXft tissve trauma wos restricted to a single
technique of pk@ductiqn. |
. ‘4.‘ Treatment wos restricted to the opplicotion of
mecsurcble “"dosoges" of soft fissue monipuiation*;s the.qnly
- treatment odministered. . |
N

5. Anolyses of outcomes were restricted to :xominotion

of suvitaobly stoined histologicol preparotions of the tissuves.



~

)

Limitations

1. The degree of physicol octivity of the rabbits was
individual ond could only be portially controlled by'cége‘

confinement.

2. The robbits' individual conscious response to, and

* toleronce of , the monual therapy to"the:injured muscle could

not be controlled, but could be ollowed for by ceasing treat-

ment on limb withdrawal aond recommencing ofter the limblwos

‘relaxed.‘

.

Operaotional Definitions

Closed Troumo - A physical injury brought about by

the opplication of force to the tissues in such o way thot the

z

integrity of thé skin remains intoct.
‘ . Dosage - The_meotured pressure of applicotion of the

manual therapy, fdequency of mcnipu}ating oscilloting pres-

su;Es, and durpti&n of such op}licotdon for eoch {reotﬁent.

Histological Investigations - The preparation of

parafin wax embedded six u thick longitudinal sections of the
troumatized muscle. Such sections were stained with haemao-
toxylin, eosin aond trich;omef

Injured Control - The untreated leg which received

an equal mognitude of injury as did the injured leg in the

A )

same rabbit.

Injured Treoted Limb - That gostrocnemius medial

' ¥ \
head which received doily treatment from forty-eight hours

post,injury.

kY
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o o »
Normal Control -~ The tiisue\somple token from o

robbit whose tissue had not been injurbd nor interfered with

¥

n any way (rabbit #7). . -

Sltc of ?rouﬁo - Includes sklnq subcutoncous tissve,

mediol heod of gastrocnemius, ond other posterior comportment
muscles -in the calf complex. In¢luded in th$ site of trauma

are nerves and vessels in the immediote area, -~

Soft Tissue.Manipulotion - The use of fingers and
tHumbs to'apply stondardized rhytﬁmicol pressure to réloxed

skeletal muscle.



J Chopter 2

( LITERATURE REVIEW ]

The histological study of sleletol muscle probably
began with the work of Lee (cited in Mauro, 1979),
who described the gross featurgs of mouse skeletal muscle,
under the microscope. The first detoiled description of the
histology of regenerotion'in Skeletol muscle Qos provided by
W&ldeyer in'1865 (cited in Gilbert ond'Hozord, 1965). His
concept of mitosis to produce a population of cel;s which then
fuse together to form o multi-nucleate muscle fibre has been
firmly esfqblished (Allbrbok, 1975). Woldeyer (1865,.(cited in
Allbrook, 1975) termed these cells “muskelkdrp erchen."
In 1893, Volkman (cited in Gilbert ond Hazord, 1945) suggegted
that théﬁe cells. had o dual pqrpése of assisting resorption

of the necrotic material ond the formation of new fibres.

,'Voikpqn's (1893) concept'ofﬁphogocytosis has gained wide
aocceptance. Godmon (1957) assumed the function of these cells
{o be primarily phaogocytic although it was inherent in Volk-
mori's (1893) concept that a éertéin number of.these myoblasts
woulddfusé f? forh the‘neWLfibre. ) |

Zenker, in 1864 (cited in Allbrook, 1;75) described

muscle fibre regeneration from myoblosts ploced around the

necrotfc fibrg which give rise to myotubes which finally

I 6



become mature muscle fibres (Allbrook, 1975). Waldeyer's

(1865) contemporary, Kroske (cited in Allbrook, 1975), thought \

the dividing nuclei came from surv&ying muscle nuclei, an ideg
that has been echoed by modern electron ﬁiscroscopic studies
of the satellite cell (Mauro, 1961).

Hls{orically, the process of regeneration wos thought
of os a kind of v;getotive growth of fibre or an inc}eose in
number b/ mitotic division. The qQuestion was whether the
fibres orose from new myoblosts, as was known to occur in
embryonic muscle development, or hod the‘fibres bridgea Q
defedt by gﬁfwth in continuity (Allbrook, 1973)? Today's
view is thot‘both processes toke place, but repair occurs in
different woy; depending upon the type and extent of the

domage to the fibres (Allbrook, 1975).

Degenerotion

Degeneration following crush injury hos been reviewed

H

by Price, Howes, ond Blumberg (1964). The basement membraone

b

remains intact aoand within twenty-four to forty-eight hours
torn fibres become infiltrated with phagocytic cells. fhe
time of oppeofonce of the trouma histologically is veriable
éccording to the forces involved and mechonism of injury.
However, there is gross edema, hemorrhage, ond disruption of
fibre integrity on longitudinal section investigation. Fibre
frogmentation ond obvious ceil woll rupture occurs. On cross-
section, the fibre bund1e§ may be separated in a spaced pave-

ment oppearonce due to edema (Smith, R., Note 1). ,




Nuclei appear between the bosement membrone ond degen-
erating muscle fibres. They ore myoblast precursors (Carlson,
1973). There is controversy in the literoture as to whether

these cells originote from the degenerating muscle fibre, or
ore the direct descendants of satellite cel hurch, 1970;
Mouro, 1961; Wolker, 1943).

Process of nggnerotion

Traoumatized fibres show introcellular edema, ‘loss of
definition of myofilaoments and widely dispersed ggog:lority.
The sarcotubulor. system (the endoplasmic recticulum) appeors
distended by edema. The mitochrondio are enlaorged. After
twenty-four hogrs, the fibres either appear normal or are
undergoing phogocytos®s (Allbrook, 1962).

The evidence presented by Allbrook (1962) indiﬁoted
that more severely domaged necrotic fibres do not recover -
either functionally or morphologically. Rather, £hey go
through o cycle of phagocytosis ond degeneration; Severely
.damoged fibres are edematous, there is o loss of tronsVer;e
banding 6f the sorcomeres aond the Z discs disappear. The myo-.
fibrils appear distorted or broken 743’:;:Ih filoments disop-
. peor. The sarcoplasm appedrs granular, interno{)structure '
may’be obsent and mitochondric are enlarced. It may be thot
the variety of the aegenerative change depend on the state of
~contraction of the damoged fibre ot the tim? of histochemicol
fixation (Allbrook, 19¢62).

The.§orcolemmol tube is usvally intoct though it moy

|
/
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be distorted or even collapsed. Polymorphonucleor neutrophils
from the vasculor system invode the oreo within twelve hours.
Four daoys ofter injury, these cells hove decreosed in number,
Auvtoraodiographic studies indicaote that these cells migrot?
from outside the orea to the domoged tissue (Bliatoﬁf;zfd
Wolker, 1960). '

Between four and six daoys ofter injury, the sarco-
lemmal tubes become lined ;ith myoblosts. Muir et ol. (1944)
implied that these were the satellite cells first described
by Mauro in 1961. Electron microscopic investigotion revealed
the presence of myofiloments ot this stage beneoth the plaosma
membrane. Within o few days, myotubes appear containing
bundles of myofibrils. After three weeks, near~normal size
muscle fibres dominote. The fibres have their own new sarco-
lemmal tubes. . The muscle fibres ore formed by the union of
individuol myoblasts. Lobelling of the individual muscle
cells with radiocactive isotopes confirms the source of the
cell populations (Walker, 1963). Simultoneously surviving
sarcolemmal tubes deﬁonstrate regeneraction by the saome mechan-
ism. \ ‘ ~

Along with the muscle regeneration, fibroblasts in-
crease in number in the tissue spoces. The collagen network
deposited, impedes longitudinal growth of regenerating muscle
fibres. Myoblasts cannot blwoys be identified with.certainty
under light mic}osccpy (Carlson, 1973). Yet, numbers of myo-.
fibres per unit areoc of injured tissue have been counted

(Jérvinen, 1975). The number of myorlastic cells reaches 0
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peak bgﬁveen forty-e;ght and seventy-two hours,post-t[%ymo
(Corlson, 1972). Myotubes are formed by the fusion of myb-
blasts (Reznik, 1968). 1In rabbit muscle, the lines of tension
within o muscle.probobly determine the orientation of regen-
e;otlng fibres (Allbrook, 1951).

‘Mincing the muscle as o form of injury hos demon-
stroted that mechanicol tension is the primory factor leoding
to the internol orgonization of muscle. The teﬁsion is exerted
via the interstitiol connective tissie which is formed in fhe
regenerating process (Carlson, 1971, 1972).

The moulding of regeneroting muscle seems to be dﬁe

a
to two foctors:

~

1. the area of regenerating fibres decreased in mos-«
due to scor consolidotion
2. the orec 6? massive troumo pressure of surrounding
tissves moulds the fiére. |
Carlson (1972) staoted that mechanicol tension appeared
£§ be the moin force directing the internol organization of
regenerating muscle. Mechanical‘tens;on serves to orientate
collagen fibres along the lines of tension. Such collag?n
fibres harness the muscle fibfes serving to tronsmit tension
from connective tissve to’repoiiing muscle. Tension is a
stimulus for rapid ond greater myofibrillar deposition (Ail-
brook, 1966; Carlson, 1972). Allbrook (1966) believed thot‘
it wos likely that'per;istent tissue space edemo ond excessive

collagen deposition were closely associoted.
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Manual Manipulative Thera
of the SOFT.IIssues

Dr. Jomes Cyriox described his latest treatment tech-

nique of "frictions"‘to sof't tlssues in 1969. Placing the
troumatized soft'f.issue on stretch through positioning, the
) technique involved manual theropf using fingers and thumbs
rhythmicolly oscillating across the fibre direction to o
pressure of discomfort. Millar (1976) d?scribed o' technique
for calf self-stretch up to the point of discomfort The
treatment wos commenced forty eight -hours following closed
1ntr1nsic trauma. '
The treatment technique used in the current study

,1ncorporoted thumb pressures applied through the skin to
traumatized muscle fibres, with the muscle belly relaxed.
Rbythmically»tompressing the tissue between qnderlyiﬁg‘osseous
»skeleton and thumbs, or using fingers for couhter-pressure'to
the thumbs, where oppropriofe to muscle bulk, tension can be )
opplied very locally to heoiihg fibres to facilitote repair.
Pressure is to the point of discomfort. The direction and

| omount of pressure opplied can be varied according to the dis-
comfort and degree of muscle spasm produced Thumbs and
fingersrdol;ot move across skin, rather they press into it
to efert uﬁderlying muscle,such that applied pressuré.is
rhythmically reduced and increqsed withopt loss of skin
contact with fingers and thymbs. No eéiﬁence was found in the

literoture for the effects of such specific, localized treat-

ment.

]

#
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METHODOLOGY

-

Experimental Design

The concept of the study was'based on,nistoiogfcal
investigation of treated and untreated muscle. By injuring .
both hind limbs of six of the seven rabbits identically;‘it

was then possible to ossign one as treatment leg, and the t
~dl'ther os injured control for eoch’rabbit. The advantage ofu
'this design wos that each rabbit acted as its own control
Furthermore, by treating one limb with manval soft. tissue
manipulation, it was possible to”compare the musclq regen-
erotion of treated versus untreated muscle at assianed days

gricted ronele sl S N

of three, seven, ten,'fifteen and twenty-one, post-trauma

Thus o histological spectrum of: heoling rote for treated g
and untreated musecle was obtained ' |
Implicit in the design was ‘the need to. odminisfer A _ o
+ impact  trouma of ident&ooi:noqnitud.wto oll medial goetroc-

'.nemii of the six rabbit! ?3 ochieve this, it wgs neces- .
‘ sary to standordize trouno, and determine appropriate impact
To determine aspects of the rate ond process of regeneration
.in the rabbit muscle, ‘Q preliminary study, which also served

to determine the hittolog&eal spectrum of normal regeneration

after injg,ﬂ, was conducted : . e

»
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Subjects

| Seven mgle,'New’Zeolond white robbits, oged 1.5 to
2.5 yeore gnd of similor Body\weidhts (fcble 1) were
supplied by the breeder for the investigotionf Each animal

was ploced in a cage, 40 cm x 60 ecm x 40 cm. "Master" brand

food ond wcter were provided thhout restriction.

Ancesthesio

Anacesthesia wos odministered u{ing.o Fluetee 3 unit
(Plote ll. One hundred pefcent oxygen was used to drive the
halothone and a canvd;_restraining.bog with head obening was
used during the induction of the onaesthetic to limit the
 raobbit's movement. Induction and maintenaonce of onaesthesio
wos vio a mask encoﬁpossidg nostrils and mouth (Plote 2).

.. Induction flow was heosured from the equipment ot
five litres per midute one hundred percent oxygen;jand drove
the five percent halothane. The rabbit was considered to be
odeduotely under the effect of the ancesthesic when the pupil$
had become fixed and diloted, respiration was regular and
deep, and there was no active response to passive movement of
the limbs. At this stoge, halothane concentrotzon was reduced
to three percent in order to maintain oncesthesio, and the

- one hundred percent oxygen reduced to o flow rate of three

‘litres per minute. o

13
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Plote 1. Rabbit under halothane an
following induction.

agesthesia maintenance

Plate 2. Induction of halothane anaesthesia via mask.

15



Point of Impoact

A Toledo scale was used to measure body weight of the
onaesthetized raobbit. Oster aonimal clippers were then used
to shove both hind limbs of the robbit from the heel to above
the knee. Mimmotu calipers measured the.distonce from the
proposed point of impoct on the mediol head of gost;ocnemius
to the heel ot the tip of the Os calcis (Plote 3). Position-

ing for measurement waos ninety degrees knee flexion and ninety

degrees ankle dorsiflexion (Plate 3).
3

Plote 3. "Calipers meosuring from proposed impact point
the heel. Robbit'under anaesthesio dnd positigned.

Infliction of Trouma

A hollow oluminum cylinder with an internal diameter

of 2.10 cm was positioned with its inferior opening directly

16
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over the muscle site by meons of clamps and stand to Yensure its
venticolit&. The cylinder wos directly over the mark on the
skin with the limb positioned as described obove, the rabbit
in sidelying (Plote 4). This position was passively main-
tained under anaesthesia manually, the care was taken to see
that the medial border of the tibia waos positioned: just out—
side the cylinder's opening to prevent its frocture. A steel
block, 4.0 cm high, was placed between the calf complex and
the taoble, so as to provide a tight colf compoftment and ensure
no deflection of the 1njuo1ng weight.

A solid s?eel cylinder with o diameter of 1.90 cm,
.35.6 cm long, ond'weighing 731.0\§roms, with:o hemlsphericol
inferior tip rodius of curvoture 0.95 cm, was introduced
into the top of the hollow cylirder. It#come fo rest ogoinetv
"the cross pin ot 55.5 cm above #he muscle. " The femovoi of

the pin effected release of the cylinder.

Soft Tissve Monipulotion

The robbit wos suspended in a restroining bag with
the 1njured limb to be treated hongxng free from the zippered.
inferxor opening. This limb quickly reloxed ond it wOos pos-
sible to treat the limb with monual soft tissve monipulatxve
theropy with the robbit fully conscious. With some individ-
uolity, it wos found that robbits soon‘occommodoted to, ond
toleroted the treatment (Plote 5).

A %reotment of one hundred ond sixty biloterol thumb

preseures per minute odministered for fzve minutes contxnuolly



Plote 4. -Rabbit under gnaesthesia.
Equipment positioned for
infliction of traumo to
left mediol head of gostroc-

nemius, with rabbit in left
51dely1ng

18



Conscious rabbit suspended in restraining bag with
right hind limb to be treated, freely suspended

from bag.

Plaote 5.

constituted one treotme%t. Such treatment was carried out in

the final trial with {he six raobbits dolly, from day two after

injury. The investigator's index and middle fiﬁgers rested

on the skin covering the laterol aspect of the loteral head

of gastrocnemius and provided coﬁnter-pfessure for the manip-

vlating thumbs, which pressed directly into thé‘muscle.
Immediately ofter cessation of the treatment, the

monipulotion was t;ansferréd to the cuff of a sphygmomanometer

inflotfd to 20 mm Hg to simulote the szcle tone. The maxi-

mum pressure registered ofter thirfy seconds of recommenced

manipuvlotion was recorded from the sphygmomanometer.

Tissve Samples

Tissue somples were taken at one, three, seven, ten,

19
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fifteen, and twenty-one days, post—injury. The animals were ?7
sacrificed by cdministering pentobarbitol directly.into the /
heart, via hypodermic needle. Immediately after death, the
mid-belly of the muscte in both legs were exposed and removed,
usfﬁg forceps and scalpel. To ensure removal of injured tis-

sue, the calipers were again used with the limb positioned

as at the time of injury ‘to relocate the exact epicentre of

the injury (Plate 4).

Plote 4. Removal of injured muscle tissve.

S

The section of gastrocnemius muscle was removed surgié-
ally to the full depth of the medial head, and as far proximally
and distally as possible to include all injured tissue corres-

ponding to the diameter of the injuring cylindef, and a periph-



‘eral areao of potentially uninjured tissve.

Histologz

Tissve fixotion aond washing. The tissue wos morked

with Indion ink dye on its injured mediol surfoce ond immedi-
otely tronsferred to o cont&iner of ten percent fo:.malin ten
times its vo%ime, in order to preserve the cells (humnason,
1979). The confainer was lobellgd with dote, rabbit number
and leg. .At the time of histqiogicol investigotion, the tis-
sve was first tronsferred to fifty percent olcohol (ethcnol

to wash it free of formalin ond allowed to stand for six hours.

Dehydrotion ond clearing. To odequately section the

moterid;, if was nece;sgry to dehydraote it ond embed it in
paroffin. Dehydration was achieved by immersing the tissuve
in o series of solutions of ethylelcoholkin water, with
incréosiﬁé percentogés of olcohol from thirty percent through
to absﬁlbte alcohol. Becaﬁse the alcohol used for dehydrao-
tion would not dissolve the paraffin, it wos necessary to

" "cleor" the tissve for paraffin embedding as an intermediate
step, with xylene' |

Poraffin infiltrotion and embedding. Becouse'sectiods

os thin os six p (1/6000 mm) were to be prepared, pargffin
of melting péint‘(56‘- 680C) was used. The tissue was trons-
ferred from cleaning ogenf to paraoffin, thef&ven tempergture
being kept just high enough to maintain the paraffin in a

Just-melted stote.

The tissue wos ploced directly in the block contain-

21
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ing melted poroffin ond orientated so thot serial longitudinal
section could be obtained, cutting parallel tc.the plane of
the mediol aspect of the belly. ’

Sectioning. The rototory microtome was set for o
section thickness of six u ond the block clamped in position.
The knife blade was inserted, and its cutting edge tilted
towaord the block. A "ribbon" of tissve woﬁ then cut. Fifteen
serial sections were retained. After floating these in a woter
bath, set ot o temperature below the paraffin's melting point, s

the sections were transferred to slides and cover slips

positioned, mounting with "Permount" solution.

Staining
Hoematoxylin, when oxidized, stoins chromatin blue-

black (Humason, 1979). Mollory's'hoemotoxylin wos used and
stained nuclei deep purple. Alcohols were used to control
the intensity of stoining. Eosin staining which stained all
tissue except the nuclei, shades of pink, then followed;

- Masson's trichrome stoiﬁing te;hnique which includes
"four dyes, iron alum, haematoxylins, acid fuschsin, and Ponceou
de xylidine (Humason, 1979), then‘followed.” The first two
stoins require one hclf hour each for fixation, woshxng in
woter between steps. Acxd fuschsin ond Ponceau de xylidine
require one to five minutes' waoshing in distilled woter and
dehydroting olcohols. The trichrome serves to stain connect-

ive tissuve, collagen, ond fibroblosts, shodes of green.



.

Investigotion

The sli&es were examined using o Zeiss light éicro--
scope. Colour photographs ofvhistologicol changes over the
twenty-one days for fnjured treated and non-treated tissve
were token with the Zeiss camera unit attached to the‘micro-

scope. Ektachrome 160 tungsten filament film was used. Fif-

teen slides of each tissue were examined. Tissuve was also
token from the lateral side of the medial head of gastrot-
nemius to demonstrate that the trauma was not histologically
evident to that depth.

Photographs were token by the investigator at power
400 ofter exomining the tissue ot lower power. The tissve
was not labelled on the slide as treated or u&treoted tissve,
to eliminate ony bias by an investigator when selecting a site

on the slide for higH power photographs.




Chapter 4

RESULTS

Response to Injury

None of the raobbits showed any visible response to
the injury. They paid no porticular Otté;tion to the trauma
sites, showed no olterotion in eating ond/or drinking hobits,

ond cage octivity was ‘unchanged from that prior to injury.

. Ease of Treatment : /

Within slight individual behavidural temperoments,“
the robbits were easy to treat and become moreso with in-

creased handling.

Cuff Préssbre Results

Treatment pressures used by thé.investigotor'were~
confined to levels short of developing muscle sposm ond
sufficient tenderness for the robbit'fo withdraw the limb. T
The pressures recorded were those regxstered on the sphyg-

‘momonometer after treotment

Normal Tissue (RoBbit #7)

Plote 7 demonstrotes the cross bonding of the myo-

fibrils of the normal tissve in longitudinal section. ' Nuclei
were demonstroted to lie peripherally placed under the sarco-

lemmo. Fibres were in close aposition running parolle} to
L

eocB other.
- 24
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Coloured PICTure

»»»»»»

Normal tissve, removed from rabbit #7. Haematoxylin

Plate 7.
: and eosin stain, x 400.

Twenty-Four Hours Post
Injury (RabBif #l)

Plate 8 demonstrates fibre disruption in untreated

tissue with hoepatoxylin and eosin stain. Some loss of band-

ing and the presence of nuclei situoted randomly in the injured

muscle showed chorcctefistic trouma. The separation of fibres

due to edema was also noted.

Flate 9 reveals the blue-green trichrome stgin in the

region of fibre disrup*ion, token from robbit #1.

Three Days Post Injury y
(Rabbit #17)

‘ \
Untreated tissuve (Plate 10) demonstrated fibre dis-

‘ruption and the presence of numerous nuclei and macrophages
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Injured muscle removed from rabbit #1, twenty-four
hours after injury. Hoematoxylin and eosin stain,
x 400, :

Plote 8.

twenty~four hours

x 400.

injured muscle from raobbit #1,
Trichrome stoin,

e e e =

1
3

TURE | IS

| Cotouren PICTURE

Plote 9.
af ter injury.
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Plate 10. Untreated leg, rabbit #2.
stoin, x 400.

Haematoxylin and eosin

The treated tissue wos of similar appearance (Plate 11).

Plate 11. Treated leg, rabbit #2 Haematoxylin and eosin

stain, x 400.

Y

Coloured PICTure
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The trichrome stain of treated tissue demonstrated subltantial
collagenous tissue staining between separated and disrupted

fibres (Ploté‘fZ). The untreated tissue gave o less disrupted

appearance (Plate 13).

Seven Days Post Injury
(Rabbit #3)

The treated muscle (Plate 14) demonstrated prolifera-

tion of nuclei (presumptive myoblasts) showing disorgogized

L]

orientation. “Edemo was reduced, the fibres now appearing more
aposed. Cross banding was visible.i Nuclei weﬁe beginning

to odépt peripheral orgonization. The untrFoted muscle (Plate
15)'demonstrated numerous nuciei olSo, but.theyroppeored to

be in a less od;cnced sfoge~of organization as e;idenced by b
their disorientation within-the fibres.‘ Edema was reduced.

Ten Days Post Injury
(Rabbit #4) '

Untreated muscle with haematoxylin énd eosin staining
showed nuclei beginning'tb become peripherally orientated
within the fibres (Plate 14). The‘unfreotéd tissue (Plate 17)
appeared bhchonged from seven days posi injury. éo?h‘freqted
and uhtréated tissue showed close fibre aposition implying
minimal edemao between fibfes. VThe trichrome sfaining‘of both
treated and untréated muscle now demonstroted approximately

requal inter-fibre scorring.

Fifteen Days Post Injury
(Robbit ﬁ;]

. The treated tissue demonstrated orgonized and more"

»
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Plate 12. Treoted right leg of rabbit #2,
injury. Trichrome stain x 400.

\ ¢
Plote'l3. Unt;eoted left leg of rabbit #2,
injury. Trichrome stain, x 400.

three days after

29



Plote 14. Treated right leg of rabbit #3,
injury. Haemaotoxylin and eosin

Plate 15. Untreoted left leg of rabbit #3, g
injury. Haematoxylin and eosin stain, x 400.

" Coloured PICTURE

seveh days after
stain, x 400.

seven days after

30
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Plate 16. Untreated leg of rabbit #4, ten days after injury. -
Hoemgtoxylin and eosin stain, x 400. .

Plate 17. Treated leg of robbit {4, ten days after injury.
Hoematoxylin and eosin stain, x 400.

s e

 Polouren PICTurE



peripherolly‘origntbted nuclei at this time (Plate 18). The
untreated muséie (Plate 19) was 1‘55 odvanced in this respect.
No edemo was seen ot this * ' me in either treated or untreated
muscle.

The treated tissue demonstrated slightly reduced scar-
ring compared to Qntreoted tissve. There was no signifiCOnt
difference in.scarring between_treoted ond untreated tissve
as shown by trichrome s{oin.

Twenty-One Days Post Injury
(Rabbit {#8)

All treotmeﬁt ceased after fifieen days posﬁ injury.
At twenty-one day; post injury, the treated tissue (Plate 20)
appeored'os_norhol.tissUe compared to the normal control tissue
token‘frém the vninjured rabbit #7. The untreated muscle
(Plate 21) nuclei were still somewhot disorientated. No edema
was present. The extent of collagenous tissue was substdnti-
ally reduced by dcy‘{wenty-one.- However, there was no signif-
icant difference between treated ond untreated tissve in thls

respect

1]

i
Table 2 presents a summary of the results fof treated

Summary of Results

and untreated muscles for the seven rabbits, and Table 3

111ustrates the post treotment cuff pressurevdiffgrentiqls.
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"Plate 18. Treated leg of rabbit #5, fifteen days after injury.
Haematoxylin and eosin stain, x 400.

Plate 19. o Untreated leg of rabbit #5, fifteen days after
injury. Haematoxylin aond eosin stain, x 400.

Coloured PICTurE




Plate 20.

Treated leg of raobbit #6; twenty-one days after
injury. Haematoxylin and eosin stain, x 400.

Plate 21.

Untreated leg of rabbit #6, twenty-one days after

injury. Haematoxylin and eosin stain, x 400.

ol A Bt =

Coloured P/ICTure

A A LR Mlar £ s g, h bt e RN e A o

34



35

370ShN Q31vayl

- 3TISAN QI LYIYINN -

S170S3¥ 40 A¥VMNNS

—————

I 2190}

L# 31990y
Iinssiy TYNYON anssyy
paanfuyup
‘11023A0 owape ‘I{piI3r0 *Buy.ojuatio : Q..uuﬁwoz
P32npaz Buyiiodg ‘[owiou anssy) oN pe>npas Butrisinog 111 fa120N owaps oy sdoq 112
*Buyzioos ‘P?30juayio puo owapa *pabuoydun ‘Buyz ~B10 ¢# 11990y
pasnpus Ar3yByrs poTjunbio yagyany - oN SBuysionog ¥ . . oN DWep® ON sdoqg ¢1
*Buyatosas *Buyisysaed
voyjozjuoBiosyg : uoyjnziuoBarosyqg .
*s$31qy} *yJaronu jo owapa ‘891qy14 ‘1812qau jo owesps P# 119qo0y
u’amieq Buriroog UoTIDIB YOy [owyuTy udaImjaq Buyiioog UoT}oIdjTTOIY TowTuUIN sdoq n‘
.:o«»o-rou~0nqo .r0u¢0uqcoouonqo . ;
‘¥aranu jo owapI ‘¥372nu jo owepe t# Y1990y
*usbBotrro> pasnpay uot1019 4104 [ouwyuIp *usboyyod pasnpay UoryoIa rrOAY TowyuTH sdoQ ¢
.cmquuo:oaov N ] .co-o~ocouuv
"S8NEST) UdIAyaq 21q71y4 ‘$2Jq14 paiosodas 91q74
Bututoys uaboyjos *saBoydoasopy bwapa uaamyaq Bututoys ‘saloydosadoy - WP Z# 31990y
{oT3uoisqng ‘uoyjdnisyp a1qyy pasnpay snouaboryo) ‘uoridnityp siqry peanpey tdoq ¢
: - *Buypuoq
. O jo ss0q
*B8@] Toljuod - "$31qQ1) usamyaq . ‘pajonyys uvoijnsodes
0} 3dupioaddo uy 9JURIS TP ON A3TAT)00 T A{wopuoas puo
o 37isorqoiqyy ‘1ar20u uoridnisyp T# Y1990y
‘Po31o3r} jou anssy dA1ydwnsany pesosidug °1qy14 sinoy ¢z
Buyuyoyg 6uyuyoyg owapjy Buyuyoys ) Guyutoyg owap3 Linful 1804
swosydyi1) uyso3z puo dwoiysyiy . uyso3 puo . s4oqg
UTT4x03}DWIDy ’ urT4Axojowsoy
vy R —




34

SIVIINIAII41G” IWNSSINd J4NnD ININLYIAL 1S0d

g€ @

190}

= = — e — HHHHHHHHﬂ"HHHHHHHﬂHHHHHﬂi\
A1381ng L
12 4og o3
413Bing ¢1 4Aog - By ww By ww By ww By wu 5y ww By ww By ww By ww 9
juauioadsy 1og o3y 07 | 8y o3 07 | 9y o1 02 ¥ 0% 0Z j oS °3 07 |25 ©3 02 8y °% 0Z { ¥y oy 0z
oN ) : :
A1361ng By ww By ww By ww By ww 6y ww 6l ww By ww 8y ww ¢
87 ©3 07 | 8» ©3 0Z | 05 °3% 0Z |8y o3 02 87 °3 02 | 9¥ °3 0F {9¥ o3 02 ¥y °3 02
k31361ng BH ww By ww 6y ww 6 ww 64 ww . 6y ww v
87 93 0Z ¥y o3 0Z | 9r o} 0z {8y o3 0T [ry o3 Q7 iy oy 02
6y ww Bj ww By ww
- Azab
TS tey oy oz {yr o3 0z | oy o1 0z ¢
By ww
B A1361ng 8€ ©) 07. 4
z 4oq
. H A33B1ng 1
I 4og 1Z 4og $T 4og ¥1 Log 11 4og 01T "3 ~ 6 4oq § 4oQ L Aoq ¥ 4oQ € 4oq 33quny
é Xy 8 xy L x¥ ¥ 4 $ xy r xy € xy 7 Xy T (xy) 123{qng
) ! : “juUPWIDII ]
nHHHH"HHHkHHHHuHHHHuHHHHHHHHHu 4




Chapter 5 \\—J

DISCUSSION oo

A variety of injuring devices have been reported in
the literature (Allbrook, Baker, and Kirkoldy-Wilii:, 194¢;
Jérvinen and Sorvéri, 1975), but none of these was adequate
for uSe in the present study ondlnone had. involved the New
Zealokd white robbit: There hove also been methods developed
for the productiqn of experimental i;chaemio (Mékitie and
Terdvdinen, 1977; Reznik, 1969). Very severe crush injuries
have been develpped, as reported by Allbrook (1%962) and Church
(1966). A major concern of the present investigation was to
devise a method of injury oppropriafe to the New Zealand white
robbit and one that produced closed injury, thh an epicentre .
of traumo and the skxn remaining intact. Such trauma had to
be of sufficient magnitude to resemble an impact injury in a
humdn, yet not so great as to cc&;e more than discomfort for
the'ohiqol when cans;ious. |

‘In déveloping an appropriate qfthod, the impact weightf
was drobpéd from successively greater heights until evidence
of skeletal muscle trouma.yos'obsefvoble ot surgery, twenty-
four hours post injury. Uieeding within the fascial sheath
and fibre discolourotion were reodily observable at this
“time., Further to this, the muscle was tender on palpation.
_There was no loss of normal limb function and the animals

v
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ignored their injuries, maintaining normal cage activity.

During 1mpcct, it was necessary to keep the tibia
outside of the direct impact areo in order to .eliminate the
possibility of frocture. A block under the muscle belly
prevented the impact implement from deflecting across the
skin and ensured thaot most of the energy was absorbed\99 the
mid-belly of the muscle. ?he energy dissipated on impact
wos calculated to be 40 x 10¢ dyne cm. No allowonce was nade
for friction between weight and cylinder as the weight fell.

It was observed that the raobbits would not withdraw
the-sospended limb repeatedly during soft tissue manipulation,
Rather, they quickly became accustomed to this therapy and
it was. possible to odmlnister up to five minutes of .minimally
1nterrupted treotment. A sphygmomonometer cuff of 20 mm Hg
pressure was used to represent the relaxed rabbit muscle tone.
‘Thus, pressure transfer from muscle to cuff gave a goo;\:)tl- '
mote of the pressure opplxed to the muscle by the investigo-
tor's hands during the immediatelyvpreceding trectment.

Anatomical variotions in the animals and voriotions
in depth of anaesthesia can affect the deQree*of trauma resuvlt-
ing from o constant blow at the site of the trooma. Vor}otions
in the location of the injury offect histological outcomes.
‘These are variables that are difficult to QCCUrately control
‘Further, Allbrook (1962) highlighted ‘the possible complicating
effect of any stotd of contraction or fibrillation of the

‘_damoged fibres at the time of excision. Jdrvinen and Sorvédri's

(1975) injury to female Wistar rots of oQéroge body weight
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219t5”am, dissipated 4.5 x 106 dyne cm average to gastrocnemius,
.campared with 40 x 106 dyne ¢e¢m in this investigation with male
white New Zealand rabbits of average body weight 3790.3 gm.

The former injuries were more severe to the muscle.

Effects of Soft Tissve
"Manual Treatment

Edema. From twenty-four hours af ter injury, both
treated ond untreoted tissue demonstrated fibre disruption and
separation consistent with edema and ihflammation. Theee days’
post injury, edema between fibres was reduced in both treated )
and untreoted tissuve. At seven days post iniyry,*edema was
minimol and by fifteen days post injury, both treated and

' untreated tissuve did not demonstrate any edema : <>

Haematoxxlin and eosin staining The injured tissue

demonstrated increcsed numbers of nuclet rondomly situated,
with loss of banding of twenty-four hours ofter injury. Three
days after injury, both treoted and untreated tissve showed
fibre disruption with the presence of macrqphages indicating
phagocytosis of dégenerating tissue.A At seven days of ter
injury, there was further proliferation of disorganized nuclei
‘.(satellite cells and myoblasts) By ten days after injury, |
the unt;eoted_tissue demonst{ated disorganization of nuclei °
persisting; ~Th¢ treated tissae-appearedito shaw'slightlyw
more resolution of repair vith the nuclei beginning to adopt
!peripheral orientations within the fibre myotube., At fifteen
days post inmjury, the-t;eated tissue was organized and orien-r

tated. . By twenty-one days oftei injori, the treoted.tissue

-, .
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}esembled the normal tissue, while the uhfreqted tiesue nuclei
were still undergoing peripheral orientation.,

Trichrome staining. Fib: blastic actlvity between

fibres was demonstroted from twe ty-four hours af(fr injury.

At three days of ter injury, the txeated tis;ue demonstroted

more substantial collagenous stoining and fibroblasflc ect1v4

ity thon did the untreated tissue. It is speculoted thai eoriy‘

treatments may evoke increosed collagenous éctivity .ot this

stage. At seven days post injury, both treqted ‘and untreated

tissue demonstrated reduced,fibroblostic activity. At ten

ddys, bpth-sets of tissue appeored similar demonsfrot;hg scor-_‘

:'ring between fibres. At day fifteen post 1%Jury, there ‘wos
sllghtly reduced scarring eompcred with theiunttedted tissve,
Beyond this time, the scarring wos significuntly redUCed but

remained unchonged between treated and’ untrloted tissve.

. \1
‘4

‘Monval Soft Tissue ‘ . o
- Treatment : ‘ 3
m .

No meihod was found In the literotute which described
the treatment and the method of administerﬂag o relatively
objectlve reproducible “dosage“ of soft ti;aue monipulation

_ Although the methasd of usinq a sphygmomono%eter cuff to reflect ‘
preswre of mnipulating fingers and thubs was inditect it '
was the most procticol ond feasible technique ovoilable in
‘this situotlon.‘ Traumatized muscle tredted'by ﬁhe method of -
soft tissve monipulation reodlly goes into spasm 1f trenggent
'is excesslve. %Thus, treotment pressure short of devoloJ?ﬁg

mosc&e sposm ond jﬁfficient tendcrness for the rahbit &o vith-g ;
T e

‘ _ i o L : : S
, - - . L - “ . ‘L o . - e et
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draw the limb, wos administerqd. Having subsequently recorded

pressures, it was of interest to note that os daily treotments
progressed, it wos oppropriate to opply mpre thumb pressure
up to 52 mm Hg with no subsequent\sposm or.withdrawal occur-

ring. This finding wos consistent with resolution of edema

'ln the first few. days (Corlson, 1973), subsequently rendering
_ ; .

the injured tissue less tender to more vigorous monipulotioﬁ

-

of the tissve.

Relevance of the Study

Trouma is common #h “"contact" collision.sport, ohd,
Physicions and physiotheropists ore confronted with rehabil-

itotion of such injured cthletés regularly. Soft tissve

‘troumo resulting from severe impact forces consistent with

- . ‘
vehicle accidents olso necessitates carefully controlled

rehobilitotion of patients. Treatment methodologies that

" hove aos their bosis o demonstrable theropeutic/sffec{ on

muscle healing are valuoble. .If such treotments con be modi-
fied consistently with odvances in the heoling prﬁcess, fune-
tionol outcomes ore likely to be enhonced. Soft tissue
manual monipulotion as outlined opplied to humon skeletol

muscle, is reproducible ond reodzly modif;able, ond can have

, demonstrably therapeutxc effects on muscle - repoir when judic-

iously and odvisedly odministered os an integrol aspect of

treatment. : ¢ , T '
k 4
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Chapter ¢

CONCLUSIONS™ AND RECOMMENDAT IONS

Conclusions

From this study, it was concluded:

.l) thot. the rep01r of New Zeolond white robblt i
skeletal muscle followed a similar histological progression
ond rate os outlined in the literature for human skelgtal -

. muscle (Allbrook et al., 1946; Blintoff and Walker, 1960;
Carlson, 1973; Muir et al., 1965; Price et al., 1944).
2) thot New Zealond white robbif'gostroﬁnemius muscle
niﬁ}ured in the manner outlined in this investigotion and
treated bf{the method of soft tissue manual theropy outlineé
demonstroted a more rqpid loss of edehq and co;sequent fibre
reagposition and parallel orientation than untreated tissuve
by fifteen days ofter injury. |
3) the £is:ue }reoted, os'oLtlined, demon:troted

histoiogically o more rapid proliferotion and subsengnt

'. reorgonization of églls ond repdiring fibre nuclei.

Recommendotions'

“

Three signmificant recommendqtions'evolvg from this

investigation:
’ <

more strongly differentzote treated as compared to untrecoted
RO T 42 i |
- S - , | v o

a) Injury - A more forceful blow to the limb may



tissve, histoldgicolly.

b) 'Electron Microscopy - It is recommended that

from further tissue samples, grids be prepared for electron
| microscope inyestigbtioe. Corison (1973) stated that under
light microscopic ihvestigotion, accurate counts of myobiasts
was not possible; however, electron microscopic study would
lollow for the collection and analysis of numerical dota and

‘give a clearer indicaotion ef the quality of repair.

c) Electromyoggophy and Tensiometry - Muscle tension

analysis following release of the tendon of insertion may be
complemented by electromyograophic studies.. Two mIxro ETM.G.
electrodes may be placed under the fascia of the gaghtrocnemius;
proximal and distal to the. trauma site. Surgical exposure of
the branch of the nerve to the head of gastrocnemlus, between
it ond the lateral head, ollows for attachment of very fine

.

steel wire stimulating electrodes. These may then connect

g the nerve-muscle stimulator.
Detaching the Achilles from its insertion, or the Os

calcis itself, this in turn may be attoched to a tensiometer, _

~

and the rabbit's limb firmly fixed skeletally. Using the

nerve-muscle stimplotor with electrodes attached to the exposed.

nerve branch to the medial head, data on the tension generated
,ot,supromeximol stimulation can be gafhered, provided the
stimuloting electrode holds: the nerve free of all underlying

muscle. Further, E.M.G. readings.can be simultcneously taken

» using a camera attached to the equipment so as to synchronize .

_ with the maximal stimulotion to the nerve. Supfﬂ!aximal

“
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tensiometry and electromyography feadings'con then serve as

the basis for compgrison of healing emphasizing functional

differenées in the healing of injured and uninjured tissve.
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