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the peripheral axon is injured, regeneration of
a new process may proceed from the cell body
or from the remaining proximal axonal seg-
ment. In such injury, the distal segment degen-
erates entirely, and the proximal segment
degenerates only to the nearest node of Ran-
vier. If the proximal segment, growing at a rate
of 3 to 4 mm. per day, recontacts the channel
of the original nerve fiber, the integrity of the
neural innervation may be reestablished. In
some injuries, however, the regenerating ax-
onal process s isolated from the distal segment
because tissues, coagulated blood (hematoma)
or masses of fibrous scarring are interposed.
The extending axonal process then gives rise
to a tangled mass of fibers, sometimes termed
an amputation or traumatic NeUroma.

REPAIR BY CONNECTIVE TISSUE

Fibroblastic proliferation and scarring are
the most ubiquitous features of repair, and are
seen in all but the very few injuries in which
only stable or labile cells are damaged and the
connective tissue stroma remains intact. Since a
connective tissue scar is a more primitive,
simpler form of tissue than the specialized
types that it replaces, scarring which is irre-
versible produces permanent loss of special-
ized function. Thus, fibrous replacement of
kidney structure following an abscess or an in-
farct depletes renal function. Connective tissue

repair is best presented in the context of wound,

healing. This will be divided into the events of
printary union by which an incised wound such
as a surgical incision closes, and those of sec-
ondary union by which an open tissue defect
such as an ulcer of the skin heals.

PRIMARY UNION

The least complicated example of connec-
tive tissue repair is the healing of a clean
surgical incision. The tissues are approximated
by surgical sutures or tapes, and healing occurs
without significant bacterial contamination and
with a minimal loss of tissue. Such healing is

a1

referred to surgically as “primary healing” or
W%Mhe Incision causes the

eath of a limited number of epithelial cells as
well as dermal adnexa and connective tissue
cells; the incisional space is narrow and imme-

diately fills with a scant amount of clotted
blood.-Dehydration of the surface clot forms

“the well known scab.which covers the wound

and seals it almost at once from the environ-
ment. The precise chronologic order of the
subsequent events is still a subject of conten-
tion. Specifically at issue are the following

questions: How soon does epithelial closurg
occur? How soon does subepitheial fibroblastit

bridging take place? How rapidly does the i
cison achieve the full of u
wounded skin? What cells or extracellul

products impart such strength? A reasona
consensus follpws A g
Within _ the characterisicy
changes of the acute inflammatory respon
appear in the subepithelial connectivetissue
the margins of the incision. The gatherir
leukocytes are mainly neutrophils. The ep
dermis at its cut edges thickens as a result
mitotic activity of basal cells and, within 24
48 hours, spurs of epithelial cells from bo
edges grow both downward along the ¢
margins of the dermis as well as beneath t
surface scab to fuse in the midline and thi
produce a continuous but thin epithelial layé
This epithelial response is amazingly fast, afigg
epidermal continuity is reestablished long b
fore the subjacent connective tissue reac
has begun to evolve. The processes involved
such reepithelialization are discussed in detd
on p. 96. '
BT' the neutrophils have large
disappeared and are replaced by monocyt
busily scavenging necrotic debris and rem:
ing red cells and fibrin. Hypertrophy of sube
thelial fibroblasts becomes visible at this tim
along with the initiation of fibroblastic replie
tion and budding of capillary sprouts. T
fibroblastic-vascular tissue progressively iI
vades the incisional space. In time-lapse stuf
ies, CLff (196%) has shown that this invasio
advances at the remarkable rate of approx
mately 0.2 mm. per day into the blood cls
which fills the incision. Such ingrowth is a
complished by mitotic division of both fib
blasts and endothelial cells. The major proli
ative activity .of the endothelium occurs ju ling oceu
proximal to the growing tip of the capillas
sprout, pushing the tip ahead. Demonstrab
collagen fibers are now present in the margil
of the incision but these are at first vertic
oriented and do not bridge the incision (O
man and Gillman, 1966). While this connect
tissue response is taking place, epithelial cg
proliferation and differentiation continu
thickening the epidermal covering layer.
B m the incisional space is filled with
loose vascularized fibroblastic connective tisst
rich in ground substance. The newly form
capillary sprouts from both sides have joing
to create continuous channels and, at this stag
of wound healing, the vascularization is m
irnal. G n fibrils become more abund
and begin to bridge the incision. During thi
day interval, the epidermis usually recovers 1 When
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pithelial closure
‘heial fibroblastic
yidly does the in-
strengih) of un-
or extracellular
‘h? A reasonable

jormal thickness and differentiation of surface  matory ulceration, abscess formation or sur-
ells yields a mature epidermal architecture face wounds which create large defects, the
iith surface keratinization. reparative process is more complicated. The
During the(@cond week>there is confinued _ common denominator in all of these situations
ccumulation of collagen and proliferation of  isalarge tissue defect which must be filled. Re-
praplasts within the incistonal connective tis-  generation ol parenchymal cells may occur in
Tetkocytic infiltrate, edema and jncreased the margins but, with loss of the stromal
cularity have largely d1sappeared)and the framework, it cannot completely reconstitute
ular connective tissue which fills"the inci- the original architecture, Yascularized connec-,
on begins to compress the thin-walled, newly _tive tissue grows in from the margin to com-
med capillary channels. The surface scab is plete the repair. The inflammatory reaction is
erally shed during this week. quite intense in such large wounds. The young
A is time begins the long process of vascularized connective tissue bearing a leuko-
g dccomplished by the increased ac-  cytic infiltrate is known asw
mulation of collagen within the incisional and so these defects are said to "~ granulate in.”
r,” accompanted by shrinkage and disaz- This form of healing is referred to as “secondary

¢ characteristic
matory respon§e
nnectivetissue in
. The gathering
ophils. The epi-
ens as a result of
and, within 24 to
] ceils from both
d along the cut
il as beneath the
midline and thus
n epithelial layer.
nazingly fast, and
-ablished long be-
¢e tissue reaction
cesses involved in
{iscussed in detail

rance ot vascular channels. The (tensile ) healing” or “healing by second intention.”
: Of the wound (see p. is st The healing of a large tissue defect on the
oV at of normal skin and it will take surface of the body, such as an excised wound,
nths or even a year or more for the wound _ basically resembles the primary healing al-
attamm 18 maximal mechanical strength. ready described. Epi[helia]ization can take
By ihe endplThe Jirsi_mongh, Oic scar com-  place only from the margins. The subepithelial
es a céellular, %ﬂw repair depends heavily on the “fbroblast-
nective tissue dévoid of inflammatory infil- capillary system” (Grillo, 1964). Here of
e, covered now by an intact epidermis. The course, the ingrowth of granulation tissue and
wed but continued proliferation of fibro- subsequent scarring are on a much grander
ts and the continued accretion of collagen  scale than in the incised wound (Figs. 3-23, 3—
nld up the mechanical pressure on the vascu- 24 and 3-25). As in the case of primary heal-
channels and, over the wmga_t ing, epithelialization advances down along and
ularization is more and more reduce Zﬁ over the edges of the wound while the granula-
y require almost a year for the scar to be tion tissue grows upward from the floor and
sformed to.an acellular, avascular, pale, margins, filling the defect. ’
Hlagenous scar_JI'he dermal appendages that Secondary healing differs from the pri-
e been totally destroyed in the line of the mary healing in several important respects.
sion and the ensuing inflammatory re- Ineuitably, large tissue defects have more necrotic
onse are permanently lost. Those that have debris and exudate which must be removed.
. 1 ¢ been injured or partially damaged along  Consequently, (the inflammatory reaction is
-h ingrowth is ac- lateral margins of the incision may regen- more intense than in the incised wound.)Heal-
ion of both fibro- ate. _ ing cannot be cg il this | -
(he major prohfer- In summary, in the clean surgical wound, %}WWWE%&
1elium occurs just ting ocours within hours by the formation of ¢ agent a e necrotic debris and_€xundate
ip of the capillary od clot, the surface of which becomes dehydrated to have igen Temoved at least sufhciently to per-
zad. Demonstrable ate the scab. Epithelial continuily & restored mit I wili_OI the granulation tissue from
sent in the margins. hin 24 to 48 hours. Fibroblastic bridging does not EE € margins.g I he mechanisms of “cleanup”
‘e at first vertically me evident until 3 to 5 days following the in- ~Tomprisc proteolysis and resorption of the
the incision {Ord- > ion, and demonsirable collagenization only begins  digestate, phagocytosis by scavenger cells, or *
hile this conpectve . Euppear in the latter part of the first week. There-  drainage to the surface. The persistence of ex-
lace, epithelial cell er, the process is one of progressive prolif- udate in a tssue defect, as in an abscess in th
ntiation continue, : on of fibroblasts, the continued accumula-  liver, represents a serious obstacle to healing,
overing layer. _‘ n of collagen and the slow compression and Other distinetive features of the secondary clo-
space 1§ filled W_1th a vascularization of the newly formed connec-  sure of surface wounds are: (1) ingrowth of granula-
J1¢_connective tssue gic tissue which fills the incisional space. Later,  tion fissue and (2) wound contraction, When the
The newly formed Bine of the details relating to the stimulation large defect occurs in deeper tissues such as in
1 sides have joined - proliferation, epithelialization and collagen-  a viscus, the fibroblastic-vascular system bears
zls and, at this stage * tion will be considered. the full responsibility for its closure, since
‘ularization 1s max- drainage to the surface cannot occur. Not only
me more abundant® B CONDARY UNION is the quantity of granulation tissue greater in
sion. During this 5- secondary healing, it is also more heavily infil-
When there is more extensive loss-of cells  trated with leukocytes as a result of the greater
d tissue such as occurs in infarction, inflam- intensity of the inflammatory response.
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Perhaps the feature which most clearly
differentiates primary from secondary healing
is the phenomenon of ywound contraction which
occurs in large surface wounds. It can only
occur in those sites where the skin is mobile.[It
has been shown by Billingham and Russell
(1956) that a defect of about 40 cm? in area
in the skin of a rabbit is reduced in approxi-
mately six weeks to 5 to 10 per cent of its initial
size largely by contractioffNThe margins of the

wound are literally drawn together. It 1s €S
timated that all open Sk WOTTs halve their

surface area at the same rate and so all tend to

fibroblasts withir
elop characteris
d shorten to |
abbiani ec al.,

Figure 3--23. Active gran
tion tissue containing nurmerous
lated vascufar channels and inflar

“matory white cell exudate in a loo

- fibrous tissue stroma. ce defects, mak

ensionsof a ¢
issue loss mu
In summary
ifirst intention
1. Lossof a
- 2. Necessity
unts of infla

Figure 3-24. Celflular s
composed of packed fibroblasts wi
only scattered white cells and vas
lar channels. -

Slower cc
VEDIOCESS.
is the

Figure 3-25. Dense collage
ous scar. The widely scatfered fi
blasts are separated by dense col
gen. Only a few inflammatory w
cells remain.

approach the same size. Indeed, such contraj
tion is largely responsible for the closure
skin wounds, and the granulation tiss
sprouting from the base essentially provide
temporary covering which may, in fact, need
be resorbed in part to accomodate for t
shrinkage in the size of the defect (Harknée
1964).

The mechanism of wound contraction
tll obscure and has excited great interes]
Shortening of collagen fibers has been largel
ruled ouf) The best evidence, provided
Majno and Leventhal (1967), indicates th



broblasts within the granulation tissue de-
elop characteristics of smooth muscle cells
nd shorten to provide the contractile forces
Gabbiani er al., 1972). These fibroblasts have
nsiderable pull and it is of interest that ef-
rts have been made to harness such forces as
ource of energy (Higton and James, 1964).
fWhatever the mechamism, wound contraction
fontributes heavily to the repair of large sur-
ce defects, making it clear that whatever the
imensions of a scar the initial area of necrosis
tissue loss must have been much greater.

~ In summary, second intention healing differs
om first intention in the following respects:

1. Loss of a greater amount of tissue.

2. Necessity for removal of greater
ounts of inflammatory exudate and necrotic
bris.

$. Formation of larger ameunts of granu-
on tissue.

4. Contraction of surface wounds if there
mobility of the wound margins.

5. Production of larger amounts of scar.
6. Greater loss of skin appendages such as
ir, sweat and sebaceous glands. :

7. Slower completion of the entire repara-
e process. :
. As is the case with everything in life,
etimes things go wrong in the healing of

23. Active granula-
taining numerous di-
channels and inflam-
oll exudate in a Joose
ytroma.

3--24. Cellular scar
sacked fibroblasts with
white cells and vascu-

P99 relate to the managemen e
nd and the stat of the w
son., T'wo, however, may occur in the com-

=Ty normal individual who received opti-
81| carc. The first comprises the formation of
cessive amounts of granulation tissue. The
ss, referred to as “exuberant_granulations”
ore grandiloquently as M,” may
rude above the margins ol the closing
ect and block reepithelialization. Happily,
problem is readily managed by either

gical excision or chemical cauterization of
- excess. The second abnormality, for myste-

us reagons encountered most often ‘in
cks, is w ormation. [Here, an abnormal
unt of collagen i1s formed in the connective

ue, producipg a large bulging tumorous
r (Fig. 3-26).yThe tendency to form keloids
sears to be an individual genetic character-
t has only been recognized in skin
nds but the same excessive scarring may
rin deeper tissues as well, although we do
“have substantial evidence that it does) Ke-
formation can be a troublesome problem,
icularly on exposed skin areas, since it is
1guring and exceedingly difficult to manage
dically; excision may be followed only by re-
rence._It is e red in both primary
secondary healing.

-25, Dense collagen
. widely scattered fibro-
sarated by dense colla-
few inflammatory white

tdeed, such contrac-
for the closure of
granulation tissue
ssentially provides 2
may, in fact, need to
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ound contraction is
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"ers has been largely
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967), indicates that

unds. Many of these aberrations (discussed .
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Figure 3—-26. Keloid. Deep to the overlying regen-
erated epithelium there are interlacing broad bands of
dense collagen.

INTEGRATION OF PARENCHYMAL
REGENERATION WITH CONNECTIVE
TISSUE SCARRING

Most bodily injuries are repaired by the regener-
ation of parenchymal cells, accompanied by more or
less conmective tissue scarring. Both of these pro-
cesses have been considered separately, but it
would be well to consider their respective con-
tributions to the reparative process of most in-
juries. An abscess wn the cortex of the kidney
resulting from a bacterial infection might be
used as an example. Reconstructive activities
are initiated soon after the inflammatory phase
has begun. Even during the acute stages of the
response, there is proliferation of the marginal
cells beyond the range of the toxic action ot the
microbial invader. At some point in the
margin, there will be a zone where the epithe-
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the basement membrane and to each other
desmosomes. Are these altered, detaching
e cell from its anchorages, and are factors
erated which attract the cell? This question
s not been resolved and, as ercrombie
T ATbrose (19627 put it: “It is likely to be
fhcult to decide whether when cells are mobil-
ed, there 1s a primary change in their sur-
es (or in the surfaces to which they are ad-
ring) that is a decrease in the intensity of
hesion, or whether the primary change is
activation of the mechanism of move-
nt.” Within hours of the onset of migration,
plication of cells commences. It is important

ote that this proliferative reaction in the
idermis extends only about 1 mm. from the
nd margin (Bullough, 1962). It is, there-
, a local phenomenon and not likely wo be
ed to loss of circulating factors. Moreover,
sliferative activity in the epidermis precedes,
several days, evidence of mitotic division in
subepithelial connective tissues, further
esting some alteration in intracellular con-
Is specific for cell types. These observations
led to the general thesis that “control of
ic activily, particularly in regeneration and
y, has swung away from the concept of stimu-

% mechanisms” {Johnson, 1964). '

The nature of the intracellular feedback
rol is still highly hypothetical and several
ulations have been offered. Weiss (1955)
poses that cellular growth is dependent on
pecific catalysts or “templates” which dic-
he genetic programs for the reproduction
e living mass of new cells. Each cell also
uces specific “antitemplates” which, un-
the templates, are free to diffuse into or
f the cell. The antitemplates block the ac-
of the templates. With injury, loss of cells
the consequent inflammatory response,
is diffusion of the antitemplates out of
>xtracellular tissue spaces. The extracell-
intracellular concentration gradient then
Is to diffusion of antitemplates from the
. releasing the feedback controls on cell
¢ation. As new cells are formed, antitem-
s are synthesized by this progeny until the
ibrium is once again established.
Bullough (1962) refers to the intracellular
ol as a chalone (derived from a Greek mar-
term 1mplying “to reef the sails”). This
proposes thatfeach tissue produces and
ins its own specific inhibitor jWith injury;
lones diffuse out of the cell, permitting re
ration, Iversen (1968) has extracted chal-
from the skin of man and apimals and
eported suppression of the mitotic rate of
dermal cells in tissue culture when this ex-
was added. The factor appears to be tis-

substance to one envisaging _control by feed-

a7

sue specific since it has no effect on fibroblasts
or liver cells, for example, but not species spe-
cific since an extract derived from human skin
will act upon epidermal cells from lower ani-
mals.

Abercrombie (1966, 1967) has suggested
another form of intracellular control of mitotic
activity. He speaks ofwz_?_ﬂf@iabn_in which
cells are inhibited from mitotic division by the
interchange of .signals or substances at their
points of contact. It cay be readily demon-
strated in tissue culture. When cells grow out
from two separate(explarfts) they expand cen-
trifugally until the two populations come into
contact at some point. When contact is estab-
lished, further migration and_ division ceases
only at these points of contactNThe
the age which passes

other_is_stll unclear. It could be the flow o
Slecirochemical_charges. I charges, soluble factars or
_Dodification of fembranc receptors, Move de-
-Tails on this interesting problem are available in
the reports of Loewenstein (1969), Here this
unsettled matter must rest for the present, but

release of intracellular controls appears (o be
the initiator of cell replication in the reparative

response. ,
Available evidence suggests that_control
mechapjsms are, 1€ SD What initiates

the fibroblastic vascular response beneath the
epidermis? Much less is known about this
problem and, indeed, we cannot at the present
time exclude the possibility that controls simi-
lar 1o those postulated for parenchymal cells
aiso operate on stromal and vascular elements.
Alternatively, it has been suggested that the
blood vessels and fibroblasts may respond to
‘lou]\(}iﬂjfcgii' Conceivably, in the center of a
wound, there isMthich
stitnulates proliferation i the marginal fibro-
blasts and blood vessels (Remensnyder and
Majno, 1968). It must be apparent that the na-
ture of the stimuli which initiate cell prolifer-
ation and regeneration in wounds is of utmost
impozgtance to the understanding of the nature
Ot is entirely conceivable that the
€

merirmmEms or stimuli which activate the con-

trolled growth in repair may be further dislo-
cated or permanently turned off or on to per-
mit emergence of an uncontrolled cancerous

growth'.)

DEVELOPMENT OF WOUND
STRENGTH

It may come as a surprise to learn that,
despite decades of study, there are gtill many
gaps in _our knowledge and s_dis-

<agreements about several of [hfﬂm@_\

).

e oo,
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features of wound heahng; There is sull con-
“Troversy over such basic issues as the following:

What substances or siraesd W1thm the
tensﬂe strengt] the
of the

wound impart to it its
first weeks of healing? oty
JAibroblast, the backbone of all connec e
repair? How is collagen synthesmed
@doqs an incised wolund TEgain the TeTmsie
ength of unwounded skin? These issues are
examined in the following discussion.

Two viewpoints as to the origin of the
fibroblast in the healing wound are still stoutdy
defended. The first proposes that some or
many of the.fibroblasts are derived from hem-

cells, particularly and
prllgower, 1956) gower and
] ) Alternatvely, it is held that
ﬁbroblasts are derived from loca] fibroblasts or
their_immediate precursors. Underlymg this
problem s the well known Tact that, in wound
margins, the mature spindle-shaped fibroblast
undergoes striking enlargement and becomes
stellate or polymorphous, while the monocyte
and macrophage develop larger pseudopods
so that both cell types come tg, resemble each
other to a considerable extent{Most of the evi-
dence stems from in vitro cultures of monenu-
clear blood cells and the demonstration of

collagen or collagen precursors. in the culture
ﬂasl%)pponents of this view contend that such
cell cultures may well have been _contaminated

by connective tissue cells in the process o
securing the blood cells (Grillo, 1963} (Raoss,
1868). Most of the evidence supports the view
that the fibroblast is derived from local fibro-
blasts (Grillo, 1964} Local irradiation ound
suppresses collagen syntﬁesis,iwhich would not
be anticipated if hibroblasts were derived from
the circulating blood. JElectron micrographic
studies of the ultrastructural details of the cells
in question reveal morphologic details of the
cells consonant with the features of classic
fibroblasts. Isotopic labeling experiments also
indicate that newly formed cells are derived
from local fibroblasts.

The amino acid composition of collagen i
unique among the proteins of vertebrates. It is
the only protein having significant amounts of
hydroxyproline and hydroxylysine. Elastin

——— . —
may be a possible excéption since it possesses

small amounts of hydroxyproline. Three poly-
peptide chains possessing these hydroxylated
amne acids are wound about each other in a
helical fashion to form the tropocollagen mac-
romolecule, the soluble precursor of collagen.
The classic fibrillar structure of collagen re-
sults from the aggregation of these macro-
molecules to form fibrils which have periodic
banding at approximately 600 to 700 A inter-
vals. Further details on the ultrastructure of
collagen can be found in the review by Rama-

K

chandran (1963). The polypeptides, like
others, are synthesized on the ribosomes of th
well developed, rough endoplasmic reticuluig
in thg fibroblast.

here is general agreement that the
broblast is responsible Tor the production
collagen, but the biomolecular pathways
volved in its proiuction are still debatable (

Winkle, 1967).} A major issue relates
where the colldgen fiber is elaborated. O
school of thought proposes_that the tropo
lagen macromolecules are aggregated into
collagen fibril in the peripheral cytoplasm
the fibroblast, and the fibrils are then extrude;
by some process that involves, shedding %
peripheral cytoplasm (Porter and Pap
1959). Another view proposes that the tro
collagen monomers are secreted outside of
cell, and aggregation into fibrils occurs in |
extracellular ground substance {Ross, 196
It has been established that collagen fib
can be created in the flask independent of ¢
from soluble precursors (Gross et al., 1955}
has been further shown that fibrils in extrac
ular locations enlarge in diameter with
creasing age, strongly suggesting that the fi
develops outside of cells and is not born f;
growngvithin the fibroblast (Ross and Bend
1961).pMost of the evidence therefore suppo
the notion that soluble collagen precursors ;
secreted by the fibroblast and that final
gregation or polvmerization occurs extracel
Iarlyi
he ground substance of connective tiss
is believed to play some important role in
production of collagen (Wagner and Sie
1967). The substances found in connective
sue ground substance are derived from eith
the plasma or local cells, principally fibroblas
They include a host of relatively water-solu
and water-insoluble components, the most i

portant of which are mucopolysaccharides a
). Tst imp

glycoproteins;(Spiro,
and co

tant mucopolysaccharides are ‘
prise two groups —those bound T sulfate arng
those which owe their acidity to carboxid
groups (hvaluromc acid and chondroitin). B
CAlSE O Tidity, all have metachtoma
when stained with toluidine blue. The muc
polysaccharides are largely synthesized loca
in the wound area by connective tissue cel
The glycoproteins are elaborated principally
the liver and elsewhere. One might anticipa
therefore, that with the fibroblastic response of
repair, increased amounts of kcidy mucopoliyd
;.a&ha_ri_c_l%would, in the course of time, d
velop mn the wound (White et al., 1961). It
postulated that this change in the compositio
of ground substance is important in the extr

cellular polymerization of collagen precurso
into fibrils {Schilling, 1968).




We may now turn to the crucial clinical
estion: How long does it take afskin/wound
achieve its maximal tensile sirengthy At the
me time, consideration should be given to
e factors or substances which contribute to
s tensile strength. {Both issues are highly
oniroversial at the present time?
~ Observations in the literaturé vary widely
the rate and extent of recovery of wonnd,
ength, On the one hand, Adamsons et al.
164), in studies of paramedian abdominal in-
ns in adult male guinea pigs, report that
e tensile strength of a wound reached the
ength of the control side by the end of the
" At the other end of the scale is
report of Douglas that, in both
ca pigs and man, @ ounds remain

for many years andY€gain only about 30
-cent of the(r original stfength at the end of
v He further states that, in man,
unds have regained only about 50 per ce
githeir original strength at the end o

s, and {even at the end of 14 years, a
clency sall exists.)It is difficult to reconcile
startlingly different results, but perhaps
kplanation may be found in a host of {ac-
such as variations in the age of the ani-
heir diet, the depth of the sKin incision,
ength,” methods of measurement and

ods of suturing the original incisi :
Fram the welter of opimons,(a general im-)
n emerges) Immediately alter ijury,

5T S Ortag phase perhaps lasting a few
nd possibly lasting up to 10 to 14 days.

eafter, there is a rapid increase in wound
th gver the nextffour w "This rate o

epudes, like all
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ince the curve of tensile strength does
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with a significant increase in the collagen con-
tent of the wound. Perhaps the collagen fibers
are maturing or polymerizing at this time or
there is remodeling of collagen to reorient the
fibers across the wound, thereby increasing
tensile strength. But collagen content alone
_cannot explain the curve,

In the Tight of these findings, one may
properly ask: How can patients be discharged
{rom the hospital within a week of surgery? An
interesting study bears on this guestion. It has
been shown that ALarefully stitdred_woun
have approximately 70 per cent of the strength
of unwounded skin immediately following
surgery (Lichtenstein et al, 1970). Indeed,

(eight weeks later there was no significant in-
Creaseimtensile scrength despite the presumed
proliferation of fibroblasts and synthesis of
collagen. The obvious conclusion is that, in the
fresh wound, most of its tensile strength de-
pends on surgical skill and the placement of

sutu;:cs.) WEgr:—TlE—I‘::ltter are removed at
the end of the first week, wound strength is
only at approximately the 10 per cent level.

But, in addition, it is reasonable to propose
that reepithelialization which occurs withib the.
first days of wounding provides some strength,
and perhaps the early granulation tissue in
some way serves as a binding agentor adhesive
matertal. We must rest this discussion at this
unsatisfactory point, recognizing that there is
still much to be learned about this seemingly
simple yet important surgical problem.

FACTORS MODIFYING THE
QUALITY OF THE INFLAMMATORY-
REPARATIVE RESPONSE

Many host factors influence the adequacy
of the inflammatory-reparative response. Only
a few of the more important will be discussed
here under the headings of systemic and local
influences.

SYSTEMIC INFLUENCES

Age. Agpge is probably not a major factor
in the inflammatory-reparative response. It is
mentioned here because there is a prevailing
“general wisdom” that the elderly heal more
slowly than the young; yet there is very little
controlled data in the experimental animal to
support this notion. Some years ago, it was
reported that fibroplasia and collagenization
occur more slowly in old rats than in voung
{Howes and Harvey, 1932). The validity of
these observations when applied to man has
not been established. It has been virtually im-
possible to rule out either the altered vascular
supply due to the inevitable senile arterio-
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Tissue in Which the Injury Has Occurred.

It is apparent thatan occur
only in tissues made up ol stable and_labile
cells, whereas all injuries to Tissues compose
ot [ 1tycells must inevitably give rise to
scaiting and, at the most, very slight restora-
tion of specialized elements. The location of
the injury, or the character of the tissue in
which the injury occurs, is also of considerable
importance from yet another standpoint.
There are many situations in the body in which
inflammations may arise within tissue spaces or
cavities and develop extensive exudates that fill
these spaces. Despite these widespread exten-
sive inflammatory responses, there may be no
associated necrosis of fixed tissue cells. Under
these circumstances, repair may occur by lique-
factive digestion of the exudate, initiated by
the proteolytic enzymes of leukocytes, and
resorption of the dissolved exudate. This
mechanism of dealing with an ¢xudative in-
fAammation is called reselution. Since no ne-
erfect
estitution of the preexisting architectur® 1s at-
tamed.

An example of resolution.may make its
meaning more clear. Bacterial infections in the
lung cause inflammations which may solidly fill
the alveolar spaces with exudate. In many in-
stances, the alveolar septa are not damaged,
although the lung becomes totally solidified by
the inflammatory exudation. Proteolytic diges-
tion of the exudate and resorption or coughing
up of the watery digestate permit resolution ot
the pneumonia and restoration of normal lung
structure and function. This same sequence of
events is not inevitable in all pneumonias, since
infections with more virulent pathogens may
cause necrosis of alveoli and result in fibrous
scarring and permanent pulmonary damage.
Moreover, for completely obscure reasons, cer-
tain pneumonias with or without necrosis
sometimes fail to reselve but, instead, granula-
tion tissue grows from the septal walls into the
exudate and converts it into masses of fibrous
tissue, referred to as organization of the pneu-
monia (Fig. 3-27).

These processes of resolution or organiza-
tion of inflammatory exudates are also ob-
served in inflammations within other tissue
spaces of the body—i.e., peritoneal, pericardial
and pleural cavities and joint spaces. In the
overall viewpoint, Juost injurj do

_not resolve withoul tigsue necrosis, and resultin
some connective tissue proliferation and there-
fore some degree of scarring. Finally, even
when scarring is complete, there is another

hazard consequent upon a lag in the retuyrn of .

gthlof the coflag A rise in
tension may bring about undue stretching of

Figure 3-27. Organized pneumonia. Large’
masses of fibroblastic scar tissue are visible in {
veolar spaces. )

the scar, with hernia formation when th
dominal wall is affected. So, too, the
walled scar of syphilitic aortitis yields to blg
pressure and fathers an aneurysm.

In concluding this discussion of host
tors, it is hardly necessary to point out
many involve issues of considerable clinical
portance. The correction of nutritional
ciencies, MM‘E@%’ Wise
of sutures, careful debridement and rem
of foreign bodies and, in general, scrupu
attention to all of the influences which
hamper the inflammatory response are al
sponsibilities of the clinician. :

PERSPECTIVE ON THE
INFLAMMATORY-
REPARATIVE RESPONSE

- The full spectrum of events, from the
tial reaction to injury to the ultimate t
repair, has been presented. It must be obv
that an injury may have little consequence
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Connective Tissue Cells. Connective tissue
s such as iibroblasts or their more primitive
enchymal progenitors, are not only highly
tant to injury, but are also multipotential
apable of proliferation throughout life.
cctive tissue scars result from the prolif-
ion of fibroblasts, with the subsequent dep-
n of intercellular collagen)Since most in-
s destroy stromal as well ds parenchymal
fibroblastic proliferation and scarring are
equences of almost all reparative pro-
he multipotential fibroblast is further
ble of differentiation into any other type
porting tissue cell)By metaplastic trans-
tion, it may be converted to an ostecblast
ndroblast and form bone or cartilage. By
ccumulation of lipids, it or its progenitor
ines transformed into a lipid cell and so
titutes injured fatty tissue. :
uscle Cells. There is a growing body of
ce that skeletal, cardiac, and visceral
th) muscle cells are capable of regeneration
k, 1969) (Hay, 1971). Most of the evi-
e is derived from studies of lower animals,
number of reports dealing with human
cells confirm fhe applicability of these
ations to man.[The precise mode of re-
tion of skeletal muscle is still somewhat
ain)It appears that regeneration of skel-
uscle may occur: (1) from the budding
fibers, (2) by the fusion of myoblasts or
transformation of the mononucleated
te cells found attached to the sheath of all
u’rcleated skeletal muscle cells (Shafiq et
67).
e evidence in support of the regenera-
ability of cardiac muscle and smooth
ele is less substantial and we must conclude
arther study is necessary, Robledo (1956)
hat he has observed both sprouting and
dinal splitting of cardiac muscle fibers
~edge of necrotic areas in the heart in
lowever, it must be pointed out that the
also contains an abundant fibroblastic
a and the precise identification of the re-
ative cells may be difficult. It is probably
state that if cardiac muscle has regenera-
pacity, it is limited, and most large inju-
the heart are followed by connective tis-
arring (Fig, 3-22).
ertainly, scarring follows the all-too-com-
yocardial infarction (ischemic necrosis
myocardium) in man. This point is
sed because of its great clinical impor-
Heart attacks are the most common
of death in industrialized nations, and
eart attack implies some permanent loss
jocardial reserve. Regeneration of smooth
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Figure 3-22. Mpyocardial fibrosis. The cross sec-
tion of the ventricular myocardium is studded with pale
scars of fibrous tissue that have been caused by ische-
mic necrosis of toci within the myocardium.

muscle has been observed in the wall of the
gut, urinary bladder, uterus and blood vessel
walls (McMinn, 1967). Here again, most inju-
ries to smooth muscle inevitably induce some
scarring. The regenerative capacity of the
smooth muscle, therefore, must be considered
to be limited.

PERMANENT CELLS

These highly specialized cells cannot un-
dergo mitotic division n postnatal life presumably
because the genetic programs involved in their
division are irrevocably repressed. Severe in-
Jjury in such tissue inevitably implies loss of spe-
cialized function. _

Nerve Celis. Nerve cells, when destroyed
in the CNS (central nervous system), are. per-
manently lost. They are replaced by the prolif-
eration of the CNS supportive elements, the
glal cells. The situation is somewhat more
complicated with respect to the neurons of the
peripheral nerves (Lumsden, 1957). When the
cell body is destroyed, the entire structure {i.e.,
the cell body and extended axon) totally
degencrates. If the cell body is spared and only




arise as herniyy
Il of the joint cap
ch, communijcqy
instances. Howey
-aung such conrg,
that these may 3¢
vial tissue or by i
Ve connective tissije

a

ipporting this g
secasional findin s
s within the gangli
n.epithe]ial appé-:
ition toward the

INS

mation of a by
:lesion, there is g
exact nature ofthg
of anatomy desc
ween joints and s
don sheaths th
surfaces facilitat
pporting ligar
‘ominences. De
itions {there i
>t in the norm;
3 view, they a

igure 31-37. Chronic bursitis on cross section
how the markedly thickened wall and shaggy, tra-
lated interior. o

d fluid. As the chronic stage is reached, the
at which the lesion is usually excised, the bur-
pace is filled with o granular, brown, insgis-
724 changed blood heavily odmixed with gritty
icific precipitations. The wall is thick, tough and
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orrhage and hardened by calcification. The
r surfoce is usually shaggy and trabeculated,
often thick, fibrous bridging cords traverse the
r spoce (Fig. 31—37),

Histologically, the walls are composed of
e, fibrous tissue focally infiltrated by lympho-
; plasma cells and macrophages. The lining of
ursa is usually composed of granulation tissue
brecipitated fibrin. Characteristically, there is
tked focal vascularization of the wall of the cyst
often produces small hemangiomatoid collec- -
5 of capillary chonnels. Basophilic calcium de-
s may be found trapped within the fibrinous
g material and within the wall. < ‘
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These conditions are more painful than
ipus and presently are treated by supportive
asures, the local instillation of-cortisone or
iilar steroids and, in the calcific stages, by
gical excision.

IOSYNOVITIS

£ Tenosynovitis denotes an inHammation of
ie tendon sheaths and contained tendons.

ded
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This condition is most often encountered in
persons who place great stress upon certain
tendons in the course of their occupation.
Thus, tenosynovitis is most often encountered
in the upper extremities of laborers and ar-
tisans, and in the wrists and hands of stenogra-
phers. On'the basis of this clinical distribution,
trauma is believed to play an important role.
However, occasionally tenosynovitis may be
caused by direct bacterial seeding.

Several anatomic forms of this inflamma-
tion are produced by these various causations.
Traumatic synovitis consists of the accumulation
of synovial fluid and fibrin within a tendon
sheath. The fibrin may cause a grating sound
on motion and may also, in time, become
organized to produce fibrous adhesions. Direct
bacterial invasion gives rise to a suppurative
tenosynovitis. The most common offending or-
ganisms are the pyogens. Such pyogenic infec-
tion may also be initiated by penetrating inju-
ries, as when a surgeon accidentally punctures
a tendon sheath in the course of placing su-
tures. Tuberculous tenosynovilis is a very uncom-
mon pattern that usnally represents a hema-
togenous focus of seeding but may occur by
direct inoculation of infective material through
the skin. These tuberculous infections are char-
acterized by the development of small granu-
lomas on the synovial lining that often pro-
trude and are sloughed off into the fluid of the
tendon sheath to produce the characteristic
“rice bodies.” These conditions are extremely
painful on motion and cause some disability
because of this pain. Adequate rest and other
supportive measures usually promote healing.
However, sometimes residual fibrous adhe-
sions limit, to some extent, the movement of
the tendon. In time, these adhesions usually
stretch sufficienty to restore function.

NODULAR FASCHTIS

This is an uncommon but very distinctive |
-tumorous nodule that occurs in any part of the
body, principally in the subcutaneous fat and
fascia, but may also arise in the deep fascia and
contiguous muscle. The major importance of
this lesion can be deduced from another of its
designations, “subcutaneous pseudosarcomatous
fasciitis.” This lesion is actually a curious, loca-
lized overgrowth of fibroblasts that appear to
infiltrate. It is therefore apt to be mistaken for
a sarcoma. In the words of Price et al. (1961),
“the unwary, however, seeing a moderately or
highly cellular nodule composed of plump or
spindle-shaped connective tissue cells, with nu-
clei that are often hyperchromatic or in mi-
tosis, lacking a capsule, and sometimes seem-




