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THIS paper discusses the healing of soft tissue irijun'as
from a cellular viewpaint It explains how the cails clear
away the damage and repair the injury, and it describes
the influencas that can help or hinder them in their work.
The fundamental work in this area was done at the turn of
the century; mare recent research has been funded by
drug companies loaking for the perfect suture material for
surgery (Cunphy, 1971).

Healing cannot be accelerated. But ifwe know the basic
mechanisms of regair, we can tell patients how to avaid
delayed or poor repair. The mechanisms are differant at

each of the three stages, which are injury, Inflammation
and Repair.

Injury
Injury is the medical term for csilular damage. In a
sprain, bruise, or crush, the local network of blood vessals
is damaged. Oxygenated blood can no longer reach some
tissues, so the calls die. The damaged vesssls bieed. So
injured soft tissue consists of dead calls, extracailuiarsub-
stancs, and extravasated biocd.

Dead cails. As the csils fail to get their metabolic needs,
their vital procasses run down, and they-die. All calis con-
tain cytoplasmic particles called lysosomes, which
contain liquafying digestive enzymes. When a cail dies, its
vital processes can no longer ksep the lyscsome
membranes intact, and their contents are released. (These
enzymes help meat that is hung to become tender.) As well
as breaking down dead cells, the enzymes released havea
powerful effect an nearby cells and bicad capillaries.

Extracallular substancs. This includes fibrous tissue

{collagen), elastic fibres, and fat. Its architecture is dis-
rupted by the injury. )

Extravasated biccd. 8lood releasad from damaged biocd
vessels consists of calls, platelets and plasma. The cails
and plateiets are dead owing to lack of axygen. The red
calls break down to ceilular debris and haemogtobin pig-
ment; the piatelets release thrombin. This enzyme
changes fibrincgen ta fibrin. The fibrin deposits cutas an
irragular meshwork of short fibres, and the biood cails get
caught up in it, forming a clot. '
The network of fibrin can also prevent bacteria from
spreading freely in the tissue fluid if there is infection.

Summary

Within ten or 15 minutes of an injury the damaged soft
tissue contains disrupted extracailuiar tissues, dead and
dying calls which begin to release powerful digestive
enzymes, and a variabie amount of bicod which may be
clotted. The next stage, inflammation, is the reaction of
the celis cf the body to this damage. it is aiso the reaction
of the body to infection, and some characteristics ot
inflammation do mare to heip fight infection than to aid
repair.
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Note that the death of cails is due to the interrupticn in
their slocd supply, and though the initial damage may
cause the death of many calls, any further reduction inthe
biocd supply will cause further death ofcslis. In this way it
is quite possibie for as much damage to be done through
failure to treat an injury as was caused by the original
injury.

Inflammation

The cardinal signs of inflammation are Caior, Rubor,
Dolor and Tumor.

Calor and Rutor. Heat and redness do nat occur straight
away, thay take a few hours to deveicp. They are caused
by the apening up of thousands af tiny local bicod vessels, |
forming an increased vascular bed. The opening up oi
capiilaries is caused by chemicals, released by tha liquefy-
ing dead calls, acting directly on the local vessel wails. The
blococd vessels dilate, and those that were prewviousiy
closed, cpen up. Henca the area becomes wam andpink.
Inside the capiilaries, the stream siows, and after a time
the white cails seem to stick to the walls. By four haurs
after the injury, white cells are beginning ta pass through-
the vessel walils to the damaged area.

Dalor. Pain is caused by chemicals, released by damaged

and dying calls, acting on the bare nerve ending of pain
fibres. It can also be caused by a large rise in local tissue

pressure. .

Tumncr. Swelling. after soft tissue damage takes a few
hours to develop. (if there is immediate swelling, it means'
that substantial bleeding has occurred.) The swelling of
inflammation is mostly fluid, cailed the inflammatory exu-
date. |t occurs because the chemicais released by the
damaged tissues affect iocai capillaries and maks them
mare permeable. The inflammatory exudate differs from
normai tissue fluid in that it contains a large number o*
inflammatory ceils and a very high concentration df
protéin.

The protein has of course come from the piasma
proteins, so all the usual aibumins and globulins will be
thers, including the gamma globulins, and fibrinogen. The
gamma giobulins ars antibodies, and their cutpouring in
inflammation is part of the body’s defenca against infec-
tion. The network of fibrin formed from fibrinogen is also
cone of the body’s vital defenca mechanisms against the
spread of infection. But if there is a large inflammatory

‘exudate thers is a lot of fibrin, which becomes organisec

into scar tissue. In serous cavities such as pieura, peri-
toneum, and synavial joints, the fibrin forms ashaggy coa'
on the inner lining cf the cavity; the resuiting scar tissue
then contracts. In the pleural and peritoneai.cavities, the
scar tissue forms fibrinous adhesions. In synovial joint:
the end resuit is a thickened contracted joint capsuie. Sc
in physiotherapy and in surgery, a large inflammaton
exudate must be prevented if at ail possibie.

Ancther difficuity arises from the large amcunt o
protein in the inflammatory exudate, which raisaes thy
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'3 1- Hydrostatic pressures between cagpiliaries and
tissues.

NORMAL CAPILLARY

prassure gradients

csmoiarity (osmotic pressure) of the tissue fluid in the
damaged area. Osmotic pressure is a suction forcs — it

aws fluid towards high concentrations. Henca more
s~ than usual is drawn out of the local capillary vessels
into the tissues. . -

Fig 1 shows the normal pressure gradients for the flow
of fluid at the middle of the capillary loop, when fluid-in
and fluid-out are about balanced. However, when the
vascular bed is increased (the caler and rubor stages of
inflammation), there are many extra vessais, each ot
which is more open than usual. Local artericles aiso
becomae widaened. Hencs there are more capillaries, sach
more permeable than usual, and with higher pressure
inside them. )

The resuit of the increased vascular bed, at higher local
bload pressure, plus raised tissue fiuid osmotic pressurs,
is an outpouring of more.and more inflammatory exudate.
Swelling can go on increasing up to the fourth day.

We would very much like to try to decrease this out-
pouring of fluid with its load of fibrin. it can be done by
changing the pressure gradient between the capillaries
and the tissue fluid. The means will be discussed later.

The inflammatory exudate aiso contains leucocytss,
~hich can enguif particles such as bacteria by phago-

fosis (Greek phagein = | eat). They used to be cailed
n. .rophages and macrophages, according_to size. They
can function in quite low oxygen leveis. Altracted by
chemicals to the dead tissue, they begin the removai ot the
dead and disrupted tissues. :

As phagccytic cails move, they put out amms (pseudo~
padia) like amoabae, and directly they maka contact with
a bacterium or a pieca of debris they enquif it. Theydo this
most effectively when the particie is trapped in the web of
fibrin — another defensive reason for our enemy -the
fibrin. In piain fluid, phagocytasis is much less affective,
and here it has been shown that agitation cf the tissus fluid

Fig 2 The graph of hours
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increasas the rata of phagocytosis by increasing the rate
of chance contact. This may be the basis for the improve-
ment attributable to ulrascund, Diapuise, or gentle deep
massaqe, if applied scon after an injury (Dyson and
Suckling, 1978; Patrick, 1978).

Summary S

Set off by the enzymes released by damaged tissue and
dead cails, inflammation is a change in tha local network
of capiilaries that leads to an cutpouring of inflammatory:
exudate, a fluid rich in antibedies and from which is laid
down a network of fibrin. In the exudate come vast
numbaers of csils that begin toclearup the debrisand dead-
calls. The inflammatary exudate may stili ba growing at
tha third ar fourth day, sspecially if there isa largeamount
af damage, or more damage from continued use. Further
death of lissue may prolong the phase of exudation still
further {fig 2). ' '

Trastment in the Inflammatory Stage

Ta decrease the early biseding. Elavation wili lower the
pressure in the local bicod vessals; coaling will have the
same effect by causing local capiliaries to narrow:

To decresse pain (if caused by very high tissue prassura).
Elevation and gentle deep massage will heip disperse the
fluid through lymphatic drainage.

To decrease the inflammatory sxudate. Caoiing will
narrow the arteriolar cagpillaries, and will therefore lowar
the bilood pressure at the paint of injury. Extermal com-
pression wiil raisa tissue pressure moderatatly, but must
not be sa much as to squash the capillaries and provoka
further ischaemia. Eievation will increase drainage cf the_
exudate through lymph vessels. Gentle muscie contrac-
tiona will promote both lymphatic and venous drainage.
All these are widely advocated for the early treatment of
bums, crush injuries, and sparts injuries (Nicholas, 1977;
Hales, 1977; Williams, 1978; Willlams and Sperryn, 1979).
Clinical experierics indicates that chymaral forte heips in.
the absorption of cedema and the dispersal of bruising,
though the literature on this is rather apaciullsgd (Da
N-Yeurt, 1972 Scule et al, 1966). Decreasing the inflam-
‘matory exudate will decrease fibrin production, and
chymoral possibly also heips to break up fibrin.

To help*f:hagacyrasis. Anything thatproduces ﬂ:sua flu}d
agitation, such as gentle muscie movements, iow intensity
uitrascund, Diapuise, or gentle deep massage.

These treatments can be summed up in the classic trio:
| for ice; C for compression; E for elevation. Modermn
experience wouid add an M, for gentle muscle move-
ments. Perhaps the classic ICE should be ICEM, cr even
MICE:

A Note an Caortisons 3
The most active steroid darivative is cartisol. The action

* ot cortisol at the cailuiar level is said to be to increass the

resistanca of the lysosome membrane of the dead cails
(Boyd, 1970). it shouid be most effective when deiivered
by injection to the site of injury; its best time cf‘ action Is
early, in the first three ar four days after injury. The
increased resistance of the lysosomse membrane deiays
the release of digestive anzymes. Thus thera wiil be less
inflammatory effect on the lacal biocd vessels, fawer
phagacytic calis, less exudate, and finally, less fibrin.
But cortisol aiso has a direct action on living cdls:as tifae
following quotatians from Little (1973) shaw: ‘Cortisal ...
is active in reducing the mobility of fibroblastsurfacesand
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inhibiting cell division. There is a naticaakbie decreasa in
preliferation of connective tissue calls. Wound healing is
hindered....' And also: 'The permeanility of ... vessal
walls to the fluids which collect during the inflammatory
procass is decreased.’ And again: ‘Dougherty and Berliner
have suggested that . . . ail the inflammatory actionscf the
carticosteraids can be explained by the stabilising of cail
membranes’, see Dougherty et al (1961).

Repair or Regeneration? ‘

~ Atter an injury, the healed tissue is never the same as it
was befare. Egithelia such as skin do regenerate, but ths
specialised parts, the hair and the sweat glands, do not.
Fibrous connective tissue such as ligament or joint cap-

1 sule will be repiacsd, but it will not have the same struc-

ture or properties as the original. Morecver the nerveand-
organs do not regenerate. Damaged muscies do not
regenerate, they heal with a scar of fibrous tissue. Serous
membranes lika synovial joint linings, being epithelia, heai
weil; but if there is a lot of axudate in the joint the fibrin
may eventuaily form a capsuiar thickening. -

So the genaral method of healing of soft tissue injuries is
by fibrous repair. Repeated injuries to a joint capsule wiil
not only mean it will be thickened and contracted, butaiso
cause extensive loss of the propriccaptive nerve endings.

Heaiing and Repair

The procasses of inflammation may continue. for five
days ar more, though in a small injury they may be finished
in three days. The next stage is called Repair, and it iasig-
natled by the presenca cf a new set of phenomena. These
may be seen around the third day, while the inflammatary
reaction is still continuing (fig 3).
Fig 3: The graph ot days
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At the beginning of the repair phase the injured area
contains a lcose mesh at fibrin, plus the debris of dead
cells from the injured tissueand some extravasated blocd,
ail being phagcocytosed by macrophages and poly-
morphs. The stage cf repair has begun when nearby cails,
previously dormant, begin actively to divide. The initiat-
ing factor is nat known, though it must be a chemical. But
the factors that delay healing are well xnown, and must
never be forgotten.

Factors Retarding Heaiing
General Causes

Qld age, low serum protein (starvation), lack of Vitamin
C (scurvy).
Locai Causas
1. Ischaemia. Apart from poor iccal blood supply,
ischaemia can be caused by very high lissue pressure,
absolute immoebilisation, or dense scar tissue.

2. Irritation. A technical term meaning anything that pro-
vckas the continuation of the inflammatory reaction.
Zxampies are infection and haematoma. -

Factors Improving Healing

Ultra-viclet light is said tc imorove the healing of skin
and is used for this in many cantres, espec iaily for pres-
sure sgres. Ultrasound is said io improve tibrobiastic
repair (Dyson and Suckling, 1978).

Granulation tissue. In the middle of the injured area, ane
can imagine a twilignt werid like a desarted, bombed-out
town, with the structural remains gf the soft tissus ina sea
of dabris. Nothing moves here, becauss thers is not
encugh oxygen to support life. On the paﬂphery-'the
macrophages and the polymorphs are working becausa
they can tolerate low oxygen tension. Sut the cails that
carry out the procass of repair need plenty of oxygen and
goad nutrition. This requirement is fuifilled by new cagpil-
aries that grow towards the clot of debris, ‘invading’ it.
This procass starts about 12hoursatter the injury, when
mitoses are seen in the ceils of surrounding capillaries.
Cver the next three days celil division continues, forming
solid capiilary buds which grow towards the place where
the concantration of oxygen is low. They then canalise,
and form lcops, and bicod begins to flow round the icops,
which approach the injured area (fig 4).
Fig 4: Capillary formation
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Thus ail round the injury there develops a wall of capil-
lary lcops filled with blood. This begins at twa days, and
becames easily visible (in a surface wound) three or four
days after the injury. The new capiilary tissue, or granuiz.”
tian tissue, /ooks granutar and is red with bload; it bleeat
easily when touched. Its vessels have highly permeabie
walls from which pour cutplasma proteins, cailsand fluid.
Oxygen aiso diffuses from the red calls to the surround-
ing. tissues. As these essentials of life appear around the
injury, so the catlls of phagocytosis and repair can axtend
their work where pravicusiy no cetl couid live. - e
Fibrobiasts d :

At about the same time as the calls of the capillarywalils
begin to grow (about 12 ta 24 hours), there is a similar
change in nearby fibrocytes. These cells, nomnally thin
and dormant, begin to fatten up and mcve towards the
injury. Sacn they start to multiply, and by the fifth day they
begin to lay down fibriis of coliagen in the ground sub-
stance. This process cannot happen if there is a serious
deficiency of Vitamin C. The fibroblasts proeduce moreand
more fibriis, which lie parallel to each call. The {ibrils
gradually poiymerise to become bundlesofcollagen. This
callagen is the fibrous tissue of the repair phaseand of the

_healed injury.

Collagen has the grocerty of gradually shortening when



Fig 4: Collagen timescaie
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week o the sixth month. New scar tissue will always
shorten uniess it is repeatedly stretched (see fig 5).

Factors that Affect Fibrous Tissue Heallng
¢ If the tissue being healed is kept absolutely immabile,
the resuitant fibrous repair is weak. When there are no
naturaf forces on the healing tissue collagen is [aid down
haphazardly. 1t may be plentiful, but it is poorly
engineered. Fibrous healing is stronger if natural move-
ments are encouraged — it seems that the fibrobiasts need
to know which way to lay their collagen fibres. Gentle
narmat movements provide natural tensions in the heai-
ing tissue, and the resuiting fibrous -healing is much
stronger (Mason and Allan, 1941; Siearns, 1940).
Fibrous heaiing will be poor if there is continued inflam-
* mation — from infection, from buried suture materiais, or
. prom a haematoma. Healing aiso requires a good biood
~Supply, both to support the phagocytes and to supply
oxygen and nutrients to the workar calla

The Scientific Basis of !lmaqing- He-llnq Tinun
. No injury can be made to heat taster than ite naturai
speed. The toais of healing — thousands of calls getting
on with their jobs — cannot be improved. All that can be.
done is 10-make sure that no contrary influencss ars
allowed, and that all possible favourabie conditions are
encouraged (fig 6).
Repair is hindered by iow serum protein, significantty
low plasma vitamin C, and poor bicod supply. The first two
-are not usually a probiem, but anyone concarned with soft
tissue injuries can advise four steps to avoid delaying the
repair process through ischaemia. Theinjured partshouid
ba sievated to avoid high tissue pressure; gentle move-
ment should be encouraged for vernous drainage; drain-
age ot a haematoma will avoid continued irritation; and
prevention or rapid reduction of the lnﬂammatury exudate
- will avoid dense scar tissue.
. Jo encourage gaod quality repair, gentia kr-?'ntural
\snon should be transmitted to the new collagen bundles
~as they are laid dawn, to ansure correct architecturai line-
up. These movements are usually appropriate from the
fitth day, and shouid be progressively graded until finai
healing. Remodelling of new collagan continues for six
months or so.
if the injury is in a place where the contraction of naw
collagen wouid be a disadvantage, the repaired tissue
must often be extended to maximum length. Thismeans a
fuil warm-up and fuil stretch of healed tarm muscies, for up

Fig 6: The graph of months -
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to a year — some say for the rast of the patient's life. The
same applies to healed strains and tears of synaviat joint
capsules, which should frequentty be passively stratchad

to the end of range of the jaint (Williams and Sperryn,
1979).

Conciusion -
With a gocd knowledge of the cailular mechanisms ot
inflammation and repair, the remedial professions can be
sure of the basis of the advice and treatmant they offer to
patients who have soft tissue injuries. Moreover this know-
ledge shouid be used to eliminate treatmants that do not
heip the cails of inflammation and repair. All treatments
and advice shouid be judged on how they heip these
fundamental processes of healing.
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A protect weak jomt, jaint is stable, 1 haemat

A aflow new collagen to fael normal tensions
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