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Plastic properties o f  tissue are determined by re- 
generation and hyperplasia o f  cells and intracellular 
structures ensuring constant renewal and functioning 
of  organs and tissues in health and disease. Con-  
neetive tissue is character ized by high plasticity, 
which is widely used for stimulating the repair of  
injuries in organs and tissues. The development of  
methods stimulating the healing o f  tratimatic injuries 
to soft tissues and bones is in progress. 

A well-known manifestation o f  high plasticity of  
connective tissue: the ability o f  tissue to increase its 
volume during stretching, for instance, increase in 
skin volume during obesity, stretching o f  abdominal 
skin by the uterus in pregnancy,  etc., has been 
utilized in recent  decades. 

Dosed stretching o f  soft tissues was for the lust 
time clinically used in 1957 by an English surgeon 
C. N e u m a n n  [31] for auricular plasty. A rubber 
balloon was implanted subcutaneously behind the 
ear; its volume was gradually increased by injecting 
water in it, and thus an increment in the skin volume 
was attained, sufficient for plastic operation. Later 
this method was used for plastic repair of  mammary  
glands after radical mastectomy and for other opera- 
tions [24,26,34]. 

T. G. Grigor 'eva et aL were the first" to use 
dosed skin stretching for rehabilitation o f  patients 
af ter  thermal  injuries; they  used Russ ian-manu-  
factured tissue expanders. The method o f  skin and 
soft tissue stretching is used in surgical t reatment of  

A. V. V'tshnevsk T Institute of Surgery, Russian Academy of Medical 
Sciences; G. N. Speransky Municipal Pediatric Clinical Hospital No. 
9, Moscow 

the consequences of  burns, injuries, and other skin 
and soft tissue defects [13,15]. Dosed skin stretching 
by means of  a constant outer fo~:e is called exoder- 
motension. The simplest method of  stretching the skin 
is moderate tension by partially suturing the edges of  
a wound formed after dissection of  cicatlices [ 10]. 

For  closing extensive defects o f  soft tissues, 
tissue stretching with needles implanted subdemlally 
has been proposed [2,28]. All these methods are 
based on constant  dosed mechanical  loading of  
heal thy skin adjacent  to the wound defect.  This 
provides an excess tissue reserve for repair. Under  
certain anatomical conditions, a tissue defect larger 
than 1000 cm 2 can be closed [9]. 

Connective tissues and other tissues of  the olga- 
nism are stretchable. In some African tribes, in 
order  to form a long neck, which is considered as 
an indicator of  female beauty, wooden rings are 
placed on the neck of  a little girl, and the number 
of  the rings is increased as the girl grows. The neck 
becomes longer as the skeleton grows. This implies 
that not  only the skin, but also bones, muscles, and 
nerves can be gradually distracted. 

G. A. Ilizarov's method of  compression-distrac- 
tion osteosynthesis is a great contribution to the 
development of  dosed stretching for tissue repla.ce- 
ment.  He has formulated the concept  o f  the stimu- 
lating effect o f  distraction on tissue growth. Based 
on this concept ,  distraction methods  have been 
widely used in recent  years for the t reatment  of  
patients with defects o f  long bones, short limbs, and 
with aftereffects of  locomotor  injuries [3,6,7,25]. 

The gist of  the method is as follows: after ap- 
plication o f  an external fixation device on the limb, 
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bone fragments adjacent to each other after osteo- 
tomy are daily distracted at a rate of 1 ram/day. As 
a result, regenerated bone gradually forms between 
the fragments, replacing the bone defect; the ana- 
tomy and function of  injured bone are restored. 

Bone regeneration disturbances may occur if 
the wounds are large or there are pronounced in- 
flammatory changes in soft tissues adjacent to bone 
fragments. Active surgical strategy making use of  
dosed tissue distraction has been developed at A. V. 
Vishnevsky Institute of Surgery for treating patients 
with surgical infections associated with extensive de- 
fects of  integumental tissues and long bones [1,9,12]. 

The possibility of connective tissue stretching 
has been widely used in clinical practice. Structural 
basis of  this process is still unclear. The process of 
tissue stretching involves morphological changes 
ensuring the intactness of  tissues and gradual in- 
crement in their bulk. Samuel [17] wrote that "pro- 
gressive changes in tissue caused by direct mechani- 
cal stretching are rather frequent. At first mech- 
anical stretching consists just in stronger tension; 
tissues possess a normal network of blood vessels, 
adapting to tissue stretching, and therefore blood 
supply and nutrition of  stretched tissues are in- 
creased; i. e., mere mechanical stretching (at the be- 
ginning) is transformed into progressive changing of 
tissue" (hyperplasia). There is a wide range of opi- 
nions on what cellular elements participate in tissue 
stretching and how they change. Some scientists be- 
lieve that cambial mesenchymal cells, which dif- 
ferentiate into connective tissue cells that are stret- 
ched, are the source of dividing cells in stretched 
tissue [11]. Cambial cells are strictly determined and 
specific for each tissue newly forming during stret- 
ching: hyperplasia of  cambial cells -- osteoblast 
precursors in bone distraction, fibroblast (FB) pre- 
cursors in skin stretching, etc. Other authors claim 
that a universal mesenchymal cambial cell is meta- 
plastically transformed into this or that connective 
cell: osteoblast, FB, lipid, smooth-muscle cell, etc. 
[14,16]. Some scientists support both specific and 
metaplastie cambial theories [5]. In fact, all authors 
admit the important role of the vascular system, 
specifically, capillary wall cells (pericytes) forming 
the outer coating of the vessels, in the regeneratory 
hyperplastie processes. 

Morphological changes in regeneratory pro- 
cesses in bone tissue, specifically, in distraction 
osteosynthesis, are better known than in skin stret- 
ching, but both are to be further investigated, as far 
as it concerns more accurate characterization of 
cellular elements participating in these processes. We 
studied plastic properties of some connective tissue 
types by electron-microscopic radioautography [22[. 

Electron-radioautographic studies of tile time 
course of maturing granulation tissue, regenerating 
bone in distraction osteosynthesis, and of processes 
occurring in stretched skin during the treatment of 
large wounds and other pathological states led us 
to the hypothesis that all these seemingly different 
processes follow a universal pattern of lnorpho- 
logical changes. The key element are small vessels 
and the central cellular element are FB. In maturing 
granulation tissue, pericytes coating the small vessels 
most actively produce DNA and RNA, divide, gra- 
dually detach from the vascular wall, and transfoma 
into typical FB ensuring collagenogenesis and cica- 
trization. Simultaneously, the vascular wall disinte- 
grates into individual cells [18]. Therefore, the gra- 
nulation tissue vessels are a transporting system de- 
liveting nutrition to the wound and "consmaction 
material" for wound healing. 

A similar picture is observed during the forma- 
tion of bone regenerate in distraction osteosynthesis: 
at first typical granulation tissue with numerous 
vessels appears between bone fragments; the vessels 
are transformed as in granulation tissue during wound 
healing, the number of FB formed from pericytes 
increases, FB are transformed into osteoblasts, bone 
beams appear, and then compact bone is formed. 

When the skin is stretched with an expander or 
large wounds are closed, cellular reaction is obselved 
around small vessels. Cell number increases, the count 
of FB is growing, and this stimulation of vascular and 
FB increase in the derma provides an increase in the 
volume of the skin with normal structure [1,81. 

Stretching stimulates tissue growth: the number 
of vessels, cells, and interstitium elements increases. 
It was reported that the number of active FB in- 
creases and blood supply to tissues improves during 
tissue stretching [27,30,33]. 

It was shown that FB is the main cell respon- 
sible for the plastic characteristics of  connective 
tissue and stimulating the proliferation of other 
tissues. This property of FB was utilized by using 
their cultures for the treatment of patients with ~vere 
skin burns. Wound closure is the most important 
stage in the treatment of patients with bums, be- 
cause the cleansing of the burn from necrotic and 
infected tissues and subsequent plasty prevent in- 
toxication and infectious complications. Provisional 
wound coatings from cadaveric allografts, xeno- 
grafts, amniotic membranes, etc. have been used for 
this purpose. Today cell cultures are applied on 
wound surface, and their growth promotes the forma- 
tion of full-value skin integument. 

There are two main options of this treatment: 
coating the burn snrface with cultured epidermo- 
cytes (keratinocytes) or allofibroblasts (alloFB). 
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First, the epidermocytes were used. This ap- 
proach was developed in the USA. It is widely 
employed at American and Western Europe burn 
centers [29,32]. Allofibroblasts were originally de- 
veloped at A. V. Vishnevsky Institute of  Surgery. 
This method has no analogs in world practice: the 
surface o f  burns is covered with layers o f  cultured 
alloFB [23]. These FB exert a potent stimulatory 
effect on the regeneration o f  the remaining epi- 
dermis islets and its appendages or on the auto- 
dermal graft transplanted on the epidermis. 

AlloFB have been used at A. V. Vishnevsky 
Institute o f  Surgery and Department o f  Burns for 
Small Children at G. N. Speransky Municipal Pe- 
diatric Clinical Hospital No. 9 for 7 years [23]. The 
results o f  treatment o f  about 300 adults and children 
confirm the advantages o f  alloFB over epidermo- 
cytes. These advantages are: rapid culturing o f  alloFB 
in comparison with keratinocytes, higher percentage 
o f  alloFB taking in, a simpler culturing procedure, 
and lower price o f  the grafts. There are good grounds 
to expect that these advantages o f  aUoFB make this 
technique the method o f  choice in the treatment of  
patients with burns. 

Fibroblasts play the key role in providing high 
plasticity of  connective tissue. Due to their potent 
stimulatory effect on other cells, fibroblasts con- 
tribute to the regeneration o f  epithelial tissues and 
organization and cicatrization of  wound defects. 

The role of  fibroblasts in adaptive extension of  
the area and bull  o f  normal tissues under extreme 
conditions (large skin defects, strong tissue stret- 
ching, etc.) is no less important. Recent studies 
revealed essential advantages of  cultured alloFB for 
treating burnt surface in comparison with other 
methods stimulating epithelialization. 

Fibroblasts (pericytes) coating capillary walls 
possess the highest potential for stimulating the 
regeneratory processes. 

In conclusion we should like to emphasize that 
the epithet "so-called" with the term "plasticity" in 
the title o f  this paper is not accidental: it is high 
time to stop using this term to denote something 
flexible, easily deformable, etc., as we often see it 
in Russian publications. In morphology the use of  
this vague and indefinite "so-called" became un- 
necessary after the introduction o f  electron micro- 
scopy, which clearly demonstrated that high lability, 
reactivity, and adaptability of  tissues of  an organism 
to changing environmental conditions is regulated 
by two processes, close in essence: hyperplasia and 
regeneration. 
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