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Abstract

Background and Objectives: To investigate the effect of extracorporeal shock waves on the healing of intestinal 
anastomosis.
Materials and Methods: Thirty Wistar rats were randomly divided into three groups of ten each comprising of Group I 
(only laparotomy), Group II (right colon segment resection and end to end anastomosis) and Group III (right colon 
segment resection and end to end anastomosis). Group III animals a total of 1200 impulse 0.12 mj/mm2 shock waves on 
the post-operative 3rd, 5th and 7th days in three session each of which included 400 impulse with 14KV. On the 10th post 
operative day, the rats were sacrifi ced and postmortem examination was done. The explosion pressures were measured 
using a sphygmomanometer specially designed for this purpose. In the study groups 4 cm intestine segments which 
include anastomose line was taken out. The segments which include anastomosis of the study group and the control group 
pieces were histopathologically examined. The fi broblast, collagen, angiogenesis and infl ammatory cells were studied.
Results: The mean anastomoses explosion pressure for group III was 272 ± 7.895 and the average anastomose 
explosion pressure was 220 ± 6.831. The difference between the pressure means was signifi cant (P < 0.05). Histological 
fi broblast/collagen ratio were 14.50 ± 5.66, 274 ± 66.21 and 416 ± 52.44 for Group I, Group II and Group III, 
respectively. The vein amount was 5.80 ± 3.19, 51.20 ± 10.76 and 75.10 ± 13.80, respectively. In Group III, fi broblast/
collagen and vein ratio was signifi cantly higher compared to Group I and II (P < 0.05).
Conclusion: From the results of our study, extracorporeal shock waves treatment (ESWT) increase the intestinal 
tensile strength and may be useful to enhance the mechanical strength of anastomosis of the colon during healing.
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Résumé

Contexte et objectifs: Pour étudier l’effet des ondes de choc extracorporels sur la guérison d’anastomose 
intestinale.
Sujets et méthodes: Trente rats Wistar au hasard ont été divisés en trois groupes de dix chaque comprenant des groupe I 
(seulement laparotomie), groupe II (côlon droit segment résection et anastomose bout à bout) et le groupe III (résection 
de segment du côlon droit et anastomose de bout en bout). Animaux III du groupe un total de 1200 impulsion 0,12 
mj/mm2 ondes de choc sur les postopératoire 3rd, 5th et 7 jours deth dans trois session qui comprenaient 400 impulsion 
avec 14KV. Le 10th jour post opératoire, les rats ont été sacrifi és et autopsie a été fait. Les pressions de l’explosion ont 
été mesurées à l’aide d’un tensiomètre spécialement conçu à cette fi n. Dans les groupes d’étude des segments de 
l’intestin de 4 cm qui comprennent s’anastomosent ligne a été retiré. Les segments qui comprennent l’anastomose 
du groupe d’étude et les pièces de groupe de contrôle ont été examinés examen histopathologique. Les fi broblastes, 
collagène, l’angiogenèse et cellules infl ammatoires ont été étudiés.
Résultats: La pression d’explosion anastomoses moyenne pour le groupe III était de 272 ± 7.895 et la moyenne 
s’anastomosent pression explosion était de 220 ± 6.831. La différence entre les moyens de pression était signifi cative 
(P < 0,05). Ratio des fi broblastes/collagène histologiques ont été 14.50 ± 5.66, 274 ± 66.21 et 416 ± 52.44 pour 
groupe I, groupe II et III de groupe, respectivement. Le montant de la veine a été de 5.80 ± 3.19, 51.20 ± 10.76 et 
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75.10 ± 13.80, respectivement. Dans le groupe III, ratio des fi broblastes/collagène et veine était signifi cativement 
plus élevée comparativement à groupe I et II (P < 0,05).
Conclusion: Les résultats de notre étude, extracorporelle des ondes de choc traitement (ESWT) augmenter la résistance à la 
traction intestinale et peuvent être utiles pour améliorer la résistance mécanique d’anastomose du côlon durant la guérison.

Mots clés: Onde de choc extracorporelle, anastomoses intestinales, cicatrisation

Introduction

New methods aiming at healing process of wounds and 
ideal scar occurrence by affecting the factors playing 
role in the healing of wounds such as inflammatory 
cells, platelets, mediators, extracellular matrix.

The effects of physical powers like electrical current, 
laser, ultrasound on tissue damage repairing were 
demonstrated in experimental studies. These energy 
types will significantly contribute to healing of 
the wounds and become beneficial methods with 
technological developments. One of them is the study 
done with ultrasound waves. Ultrasound is applied, 
microscopic sized air bubbles occure on the tissue. 
This process causes changes in the cell membrane 
permeability. Ultrasound have on the tissue is its 
producing a measurable decisive mechanic power. 
The change in the cell membrane permeability and 
the increase in diffusion caused by air bubbles and 
mechanic current is claimed to have positive effect 
on the healing of the wounds.[1] Besides, it was also 
demonstrated that it directly stimulate the forming of 
cells like fibroblast and macrophage and new vessels.

The latest area of clinical application of extracorporeal 
shock wave treatment (ESWT) is in wound healing. 
The experience with ESWT so far suggest that it is 
effective and may be useful in variety of complex 
wounds. The studies have shown that ESWT 
increases the release of critical wound growth factors 
and contributed to vascular development.[2] From 
this observation, we became interested in studying 
the effects of postoperative extracorporeal shock 
waves on colon anastomoses in the prevention of 
anastomotic leaks which is associated with increased 
mortality, morbidity, and cost hospitalization and 
loss of productivity.

Materials and Methods

With approval from Ethical Board of Meram Faculty 
Research Center at Selcuk University. 30 Wistar 
Albino female rats whose average weight is 200 g 
were procured for this study. The rats were fed 
liberally in the days leading up to the study including 
drinking water under 25°C until. 12 hours before the 
operation. The rats were divided into three groups 
each composed of 10 rats. After all the subjects 
were subjected to general anesthesia with 50 mg/ kg 

intramuscular (im) ketamine, the right colon was 
approached by median laparotomy incision. By 
keeping the right colon bleeding, 1 cm segment 
resection was done on the right colon 5 cm distal to 
ileocecae valve. The proximal and distal intestine were 
anastomosed end-to-end with 6/0 Vicryl (Ethicon) 
sutures. Eight sutures were put in each anastomosis. 
Afterwards, the abdomen was closed with continioued 
sutures using 3/0 Vicryl. The control group (group I) 
rats were only subjected to laparotomy. Anastomosis 
group II subjects were subjected to colon resection 
and anastomosis. ESWT group III rats were given 
extracorporeal shock waves with Dornier MPL 9000 
device working with electrohydraulic system under 
ketamine anesthesia on the 3rd, 5th, and 7th days after 
colon resection and anastomosis. In each session, 
14 KV and 400 impulses were applied, 1200 impulses 
0.12 mj/mm2 shock waves totally.

The rats were sacrificed with high dosage of ether 
inhalation on the 10th day after laparotomy. The 
abdomen and anastomose were explored in the 
second look and the colon segment which includes 
4 cm colon segment was resected and the two ends 
were tied together 3/0 silk suture and obliterated after 
catheter was placed into the lumen. To measure the 
pressure a manually operated sphygmomanometer 
was attached to catheter. The intraluminal pressure 
was increased with air in a container full of liquid. 
The explosion pressure measurements were done 
by technicians who were blinded to the operation. 
The explosion pressure was recorded as the value 
measured at the time when anastomotic leak with 
air bubbles on the anastomose line are seen.

Later on, 1 cm tissue including 0.5 cm distal and 
proximal of the anastomotic line was resected and 
fixed with 10% formalin for histopathological 
examination. The tissues were prepared in paraffin-
block, the thin sections were dyed with Masson’s 
Trichrome (MT) to show angiogenesis and 
inflammatory cells, Hematoxylin-Eosin (HE) and 
fibroblast-collagen tissue and were examined under 
light microscopy. The sections taken from each tissue 
were examined under 40 or 400 times enlargement 
and their vascular formations and fibroblast were 
counted. The scoring used by Rayner et al. which 
scales the severity of inflammation from 0 to 3 was 
used to score inflammation. Accordingly, 0 means 
no inflammation, 1 means rare patched lymphocyte 
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and plasma cells, 2 means increased lymphocyte, 
neutrophil and plasma cells, 3 means a great deal 
of complex inflammation cells and the existence of 
micro-apse.[3] According to the method proposed 
by Brown, each prepared was assessed as rare 
(1 positive), mild (2 positive), dense (3 positive).[4]

All the statistical evaluations were carried out by 
using the SPSS (Windows release 10.0, SPSS Ine, 
the USA). The anastomosis explosion results on the 
10th day after anastomose recovery was assessed with 
Student t test. In addition, one-way variance analysis 
(ANOVA) was used in the assessment of the number 
of the vascular structures and fibroblasts. In all the 
comparisons, P < 0.05 was accepted to be significant.

Results

During the experiment all the subjects tolerated 
the operation. No macroscopic anastomose leak 
was found in sacrificed subjects and there occurred 
no death after operation. The explosion pressures 
of the sacrificed rats in Group I and Group II were 
given in Table 1 and the statistical assessments were 
given in Table 2. The mean for group anastomosis 
explosion pressures ( ± SD) was 220 ± 6.8 mmHg 
in Group II and was 272 ± 7.8 mmHg in Group III. 
The explosion pressure of Group III was significantly 
higher than that of Group II (P < 0.05).

In histopathological assessments, the normal 
intestine tissue poor in blood vessels and collagen 
were observed [Figure 1]. In Group II increased 
inflammatory cell infiltration, blood veins, dense 
fibroblast proliferation and rich collagen density 
[Figures 2 and 3], in Group III highly increased 
fibroblast, collagen, blood vessel formation-compared 
to Group II- and inflammatory cell infiltration 
were observed [Figures 4 and 5]. The qualitative 
assessment results of collagen, angiogenesis and 
inflammatory cell infiltration formation by a 
pathologist is given Table 3, the average rates of the 
number of the vein and fibroblast in these sections 
and their statistical comparisons are given at Table 4. 

Using Tukey HSD, the means of the three groups 
were significantly different from each other, which 
means that the angiogenesis and fibroblast number 
in ESWT applied Group III was statistically and 
significantly higher compared to that of laparotomy 

Table 1:  Anastomose explosion pressure measurements (mmHg)

Subjects

Group 1 2 3 4 5 6 7 8 9 10 Mean pressure ± Standard deviation

I 322 298 274 266 249 299 323 256 289 300 287 ± 6.3

II 210 180 220 200 220 230 260 240 220 220 220 ± 6.8

III 300 270 260 250 240 280 310 240 275 290 272 ± 7.8

group (Group I) and the anastomosis (Group II).

Discussion

There have been many experimental studies 
examining the relation between the integrity of 
colon anastomosis and wound collagen content. 
In the first few days following anastomose, there 
is collagen formation-destruction not only in the 
anastomosis region but also in the adjacent intestine 
wall. These studies showed that the hydroxylproline 
level on the suture line and decreased after colon 
anastomoses. [5-7] Hawley et al.[8] attributed this 
decrease to the activity of collagen enzymatic 
degradation. There needs to be a balance between 
collagen synthesis and degradation for the healing 
process of the colon. It is thought that decreasing 
or limiting the collagen degradation, in particular 
during the initial phase of wound recovery, will 
increase post-operative wound tensile strength and 
decrease anastomotic leakages.[9,10]

Unlike its use in the treatment rationale in kidney 
stones, the reason for application of shock waves in 
orthopedic is to stimulate tissue regeneration. The 
studies have demonstrated that ESWT increased 
the release of the growth factors and stimulated 
vein growth in critical wound recovery. [1,11,12] 
Although the effects of extracorporeal shock 
waves on angiogenesis, cell proliferation and 
tissue regeneration which are the basic factors 
in wound recovery are not known completely, 
it was shown in animal studies that it stimulated 
the early expression of the angiogenesis related 
growth factors like eNOS (endothelial nitric oxide 
synthesis), VEGF (vascular endothelial growth 
factor) and PCNA (proliferated cell nuclear 
antigen). Later on, it induces neovascularisation 
which provides blood flow and stimulate the 
cell proliferation and tissue regeneration.[13,14] 
Therefore, we thought that ESWT can positively 
contribute to wound recovery and we examined 
wound recovery and anastomose safety by applying 
ESWT to the anastomose area. 

Histopathological studies show beneficial features 
in the definition of the healing process at tissue 
level. In our study, we looked for fibroblast, blood 
vessels and collagen. In the ESWT group (Group 
III), we noted increased fibroblast, collagen, neo-
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Figure 1: Normal intestine tissue lacking fi broblast, blood veins 

and collagens  in group I (H and E, ×10) Figure 2: The increased cell infi ltration in Group II, the anastomose 

group which has few vein development (H and E, ×40)

Figure 3: The increased infl ammatory cell infi ltration, blood vein 

and fi broblast in group II (MT ×40)
Figure 4: Highly increased fi broblast, rich collagene and dense 

blood veins, increased inflammatory cell infiltration group III 

(H and E, ×40)

vascularisation and increased inflammatory cell 
infiltration. In the same group we have noted 
increases in vascular sizes compared to those of 
colocolic anastomosis (Group II) and control 

group (Group I) (P < 0.005). This is an important 
finding which makes us think that ESWT induced 

Table 2: The statistical assessment of anastomose explosion pressures 

Group N Mean Standard deviation Standard error average Vein Fibroblast P

I - - - - 5.80 ± 3.19 14.50 ± 5.66 0.005

II 10 220.0 21.6 6.8 - - -

III 10 272.0 24.9 7.8 75.10 ± 13.80 416 ± 52.44 0.005

Table 4: The statistical assessment of vascular 

structures and fi broblasts 

Group II Group III P

Vein 51.20 ± 10.76 75.10 ± 13.80 0.005

Fibroblast 274 ± 66.21 416 ± 52.44 0.005

Table 3: Fibroblast/Collagene, angiogenesis and 

infl ammation cells qualitative assessment

Fibroblast/

Collagene

Angiogenesis Infl ammation 

cells

Group I + + 0

Group II ++ ++ 2

Group III +++ +++ 3

Figure 5: Increased fi broblast, rich collagene and dense blood veins, 

increased infl ammatory cell infi ltration group III (MT ×40)
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angiogenesis. In ESWT group fibroblast/collagen 
levels are significantly higher than those of the 
other groups (P < 0.05). These findings make 
us think that ESWT has to the healing of the 
anastomosis.

In a study involving 102 patients (18), 100-1000 
shock cm2 0.1 mj/mm2 ESWT was applied to 104 
soft tissue wounds with poor healing capacity, the 
treatment was applied in one week intervals or every 
other week in 1 to 6 cures (mean 3) according to 
tissue regeneration rate. The average cure period 
was 3 minutes and after 3 to 12 week monitoring 
the epitalization rate was carefully determined. 
Accordingly, there was 81% complete healing, 12% 
partial healing. However, there was no epitalization 
over 50%. Although the wounds were colonized 
by bacteria, no antibiotics were used. The fact 
that infection did not aggravated was attributed to 
the probable bactericidal effect of ESWT. Even in 
chronic venous stasis and arterial insufficient ulcers, 
there was observed a fast recovery. In 53% of the 
patients recovered fully, in 28% of the patients there 
was 50% epithelization.[15,16]

Although ESWT technology is rather different from 
standard soft tissue treatment, its potential benefit 
for the wound is the same in the content. Besides 
ESWT locally decreasing the bacteria amount in 
the wound and increasing the granulation tissue 
production, it also increases vascular density and 
blood flow in the wound.[17] This hastens healing 
and inhibits bacterial growth. It was shown that 
ESWT decreased the need for secondary suture, 
flap or graft and provided potential epitalization. [17, 18]

Ludwig et al. described that ESWT has positive effect 
on wound healing.[19] In the clinical research carried 
out by Schaden it was demonstrated that ESWT is 
very effective in venous and arterial ulcers, decubitus 
ulcers, post-traumatic wounds and many acute 
chronic ulcers including burns.[16,17,20]

Mechanic parameters are the most reliable tools in 
assessing anastomotic healing. Explosion pressure 
is the resistance of the wall to the increasing 
intra-luminal pressure and it is the most reliable 
measurement as it correctly reflects the tensile 
strength of the intestine therefore, it is used 
frequently. The explosion pressure is especially 
reliable as the most valid parameter in the early 
postoperative periods (3-7 days) when the 
anastomosis separation is the largest.[19,21,22] In our 
study, in the explosion pressure measurements we 
found that it was statistically higher in ESWT group 
compared to anastomose group (P < 0.05).

The tension power of intestine wall is essentially 
determined by sub-mucosal collagen. The main 

element determining intestinal anastomotic strength 
is the quality of collagen fibrils in addition to collagen 
mass.[23,24] The most important factor that provides 
the mechanic stabilization and the tension strength 
of collagen fibrils is the formation of inter-molecular 
cross-links. Although it is thought that impaired healing 
will result in the reduction of the tensile strength of 
anastomosis in cases with impaired formation of these 
cross-links, there is very little information about the 
structural features of intestinal anastomose collagen 
cross-links.[7,19,22] It is found there is generally no 
correlation between anastomotic collagen content and 
mechanical parameters. It is thought to have resulted 
probably from researchers focusing on the mass of 
the collagen rather than the collagen quality of the 
researches.[19,25,26] Because of the problem in showing 
newly synthesized collagen, methods radiolabelled 
proline injection to reflect new collagen synthesis 
directly were defined but their being expensive limits 
their usage. Therefore, we thought that it would be 
beneficial to use MT stain in the histopathological 
sections of the anastomotic line. In our study, we have 
found that the collagen level is significantly higher in 
ESWT group compared to other groups.

Conclusion

We have demonstrated that, extracorporeal 
shockwave treatment positively affected the 
anastomotic healing parameters (angiogenesis, 
fibroblast, collagen) after colon anastomosis. We 
conclude that it will enhance anastomotic integrity 
and prevent anastomotic leaks. Further experimental 
and clinical studies may shed more light on this.
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How would extracorporeal shockwave therapy 

possibly promote wound healing in colon 

anastomosis?

Extracorporeal shockwaves therapy (ESWT) has 
been in use by urologists for lithotripsy for over three 
decades. Orthopedic surgeons became their first 
proselytes with its application in the management of 
delayed or nonunion of fractures where it is claimed 
to enhance wound healing.[1,2] It has also been used 
in soft tissue disorders like tendinitis and plantar 
fasciitis with claims of resolution of symptoms.[3,4]

How does ESWT promote wound healing as a 
premise for these observations? One can only 
surmise for now in the absence of hard-core 
evidence from elaborate studies to answer these 
questions. Angiogenesis and fibroplasia may offer 
answers.

Shock waves in ESWT (a form of energy) are acoustic 
waves which when travelling through any media are 
either reflected or absorbed, in parts or in whole, 
(except when traversing vacuum). Since energy 
cannot be destroyed (the law of conservation of 
energy), the absorbed waves have to be transformed 

to other forms of energy in the body. The advancing 
compressive positive pressure followed by 
distracting negative pressures produce oscillations 
in intervening structures resulting in microscopic 
structural strain. Unlike the case with the powerful 
energy from ionizing radiations like x-rays and 
ultraviolet rays, it is reasonable to assume that the 
energy absorbed from ESWT is mainly transformed 
to mechanical and thermal energy just like the way 
the microwave oven works. The amount of energy 
released depends on the frequency of the wave, 
the duration, and the physical characteristics of 
the medium. It is tantalizing to hypothesize that 
the resulting energy released could cause sublethal 
injury to cells. The elasticity of soft tissues might 
make them resilient to mechanical strains (recall 
the safety profile of lithotripsy on surrounding soft 
tissues).

What if neural sensors in the tissues exposed to 
ESWT are tricked into initiating an inflammatory 
response despite the absence of lethal cell injury? 
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