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ABSTRACT
PURPOSE: To study the effect of alcoholism on intestinal healing and postoperative complications in rats. 
METHODS: One hundred and sixty rats were divided into two groups: control and treated. The control group received water and 
the treated group 30% ethanol. After 180 days, colotomy with anastomosis were performed. After, the groups were divided into four 
subgroups: 20 rats for study at the following moments: 4th, 7th, 14th and 21st postoperative. The analyzed parameters were: weight gain, 
breaking strength, tissue hydroxyproline, postoperative complications and histopathological study. 
RESULTS: Weight gain was greater in the control group (p<0.05). When all the subgroups were clustered, breaking strength was 
significantly greater in the control (p<0.05). Histopathology and hydroxyproline dosage did not show differences. There were five 
surgical site infections in the treated group while the control group showed two (p>0.05). Nine fistulas occurred in the treated group 
whereas the control group two (p<0.05). There were three deaths in the control group and seven in the treated group (p>0.05). 
CONCLUSIONS: Treated group undergo a malnutrition process that is revealed by lower weight gain. Impaired intestinal healing as 
indicated by smaller breaking strength. There were a larger number of postoperative complications in the treated animals.
Key words: Wound Healing. Alcoholism. Ethanol. Tensile Strenght. Hydroxyproline. Rats.

RESUMO
OBJETIVO: Estudar o efeito do alcoolismo no processo de cicatrização intestinal e suas complicações pós-operatórias em ratos. 
MÉTODOS: Cento e sessenta ratos foram divididos em dois grupos: tratado e controle. O controle recebeu água, enquanto o tratado 
etanol a 30%. Após 180 dias foram realizadas colotomia, seguida de anastomose. Após os animais foram divididos em quatro subgrupos 
de 20 ratos para estudo nos seguintes momentos: 4º, 7º, 14º e 21º pós-operatório. Os parâmetros analisados foram: ganho de peso, força 
de ruptura, hidroxiprolina tecidual, complicações pós-operatórias e estudo histopatológico. 
RESULTADOS: O ganho de peso foi superior no grupo controle (p<0,05). Após agrupamento dos momentos a força de ruptura foi 
superior no controle (p<0,05). Não houve diferença quanto à histopatologia e hidroxiprolina. Houve cinco infecções de incisão no grupo 
tratado, enquanto no controle ocorreram duas (p>0,05). Houve nove fístulas no grupo tratado, enquanto no controle duas (p<0,05). 
Ocorreram sete mortes no grupo tratado e apenas três no controle (p>0,05). 
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CONCLUSÕES: No grupo tratado ocorreu um processo de subnutrição evidenciado pelo menor ganho de peso. Piora na cicatrização 
intestinal, indicada pela menor força de ruptura. Ocorreu um maior número de complicações pós-operatórias no grupo tratado.
Descritores: Cicatrização. Alcoolismo. Etanol. Resistência à Tração. Hidroxiprolina. Ratos.

Introduction

Abusive alcohol consumption is considered to be a serious 
public health problem, and it is responsible for 3.2% of mortality 
worldwide1. In Brazil, an emerging country, the scenario is even 
worse. A Brazilian multicenter study on 107 cities with more than 
200 thousand inhabitants showed prevalence of alcoholism in 
11.2% of the studied population2. 

Due to easy access, alcohol consumption in adolescence 
has progressively increased. Several studies report that 60 to 
90% of students at the end of high school have already ingested 
some type of alcoholic beverage3-5, and the date of first ingestion 
between 14 and 15 years old6. This fact makes this issue even more 
serious, since it has been found that approximately 14% of the 
individuals who began consumption when they were younger than 
14 years old became addicted, whereas only 2% of individuals 
whose first ingestion occurred when they were older than 19 years 
old became addicted7.

In the United States, of all car accidents associated with 
alcohol consumption, 4% resulted in death, and 42% in some lesion 
type, whereas in car crashes that were unrelated to the ingestion 
of alcoholic beverages, 0.6% resulted in death, and 31% in some 
type of injury8. Alcohol abuse is present in 53% of fatal traffic 
accidents victims9. In a General Hospital, 56% of the patients with 
head trauma by aggressions were drunk10 and a recent research 
found frequent binge drinking to be the strongest predictor of both 
intoxicated rape and other forms of rape, with an odds ratio of 7.83 
and 2.82, respectively11.

Abusive and indiscriminate use of alcoholic beverages 
is responsible for more than 60 health aggravations, such as 
esophageal, stomach and liver cancer, cardiovascular diseases, 
hepatic cirrhosis, chronic pancreatitis and peptic ulcers in addition 
to traumas of all types12-14, with an estimate that the abuse of 
alcoholic beverages reduces the life expectancy in five years15. In 
many of such pathologies, interventions on the digestive tract may 
be required.

The gastrointestinal tract is the first body segment to 
come into contact with ethanol, and it is exposed to concentrations 
that are often larger than in other tissues16. The chronic ingestion 
of ethanol changes intestinal histology, resulting in reduced villi, 
increased microvascular permeability17and cellular regeneration 

processes, with the possibility of carcinogenesis18. 
Our research group has studied intestinal healing in 

clinical conditions considered to be deleterious to its development, 
such as malnutrition, peritoneal infection, use of non-hormonal 
anti-inflammatory agents and diabetes, which show healing delay 
with increased risk for dehiscence in the postoperative period19. 

Despite the recent advancements in surgical techniques, 
intensive care and antibiotic therapy, anastomotic fistulas still 
concern surgeons and patients. In the world, a lot of thousands 
digestive-system surgeries occurred every year, with an estimate 
of 10 to 20% of anastomotic fistulas20,21.

Intestinal healing comprises a series of consecutive 
events that are carefully regulated in order to re-establish the 
immune barrier and heal the injured tissue. Failure or delay in one 
of such events may lead to anastomotic dehiscence. 

  The probable mechanisms involved in healing retardation 
would be related to reduced synthesis and/or increased collagenic 
lysis, in addition to delayed cellular regeneration. Collagen is 
responsible for all tissues resistance and by the strength and 
integrity of regeneration sites. Healing depends on the type and 
quantity of collagen fibers22. 

As regards the abovementioned alcoholism problem, 
there is a series of alterations that may affect anastomosis in 
the intestinal tract, such as: malnutrition and hepatic lesions, 
in addition to the direct effect of ethanol on the mucosa in the 
digestive system, thus hindering its healing. For these reasons, the 
present study aims at analyzing the behavior of intestinal healing 
in rats submitted to ethanol ingestion.

Methods

The experimental protocol was conducted according to 
the Guide for the Care and Use of Laboratory Animals, published 
by the U.S. National Institute of Health. It was also approved by 
the Ethics and Animal Experimentation Committee of the Botucatu 
School of Medicine, Sao Paulo State University - UNESP. One 
hundred and sixty adult Wistar rats weighing approximately 180 
to 200 grams were used. The animals were kept in polyurethane 
cages, each containing five rats. They were fed commercial chow 
and allowed to have free access to water.  The diet was interrupted 
12 hours prior to the surgical procedure. After a seven-day 
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adaptation period in the Surgical Technique and Experimental 
Surgery, they were randomly distributed, according to the random 
number table23, into two groups as follows:

Control Group: consisted of 80 animals that were fed 
commercial chow and allowed to have free access to water for 180 
days and then submitted to distal-colon anastomosis. This group 
was divided into four sub-groups of 20 rats each, and necropsy 
was performed 4, 7, 14 and 21 days after the surgical procedure.

Treated Group: consisted of 80 animals that received 
30% ethanol and commercial chow for 180 days and then 
submitted to distal-colon anastomosis. This group was divided 
into four subgroups of 20 rats each, and necropsy was performed 
4, 7, 14 and 21 days after the surgical procedure.

Twenty animals from each group, five from each subgroup 
were allocated for histopathological study while the remaining 
60 were allocated for study of the following variables: breaking 
strength, hydroxyproline, postoperative complications and weight. 
These parameters were analyzed in 15 animals at each moment. 
The animals that died before the surgery were replaced. Ethanol 
dilution was performed by using Gay-Lussac alcoholmeter.

The animals were weighed on a Mark 8000 scale with 
capacity for 8,000 grams when admitted at the animal colony and 
immediately prior to the surgical procedure.

After the preconized period, the animals were 
anesthetized with sodium pentobarbital, 30 miligrams/kilogram, 
intraperitoneally. After anesthesia, the animals were weighed, 
which was followed by abdominal trichotomy, disinfection with 
2% iodinated alcohol and a 5 centimeters median incision in the 
lower abdominal area. Next, total colotomy was performed five 
centimeters above the peritoneal deflection (Figure 1A). Then, 
end to end, colon-colonic anastomosis was carried out on a single 
plane, using separate total stitches with 6-0 polypropylene suture 
(Figure 1B). Wall closure was performed by the synthesis of the 
peritoneum, musculature and aponeurosis, with a single suture 
and separate stitches using 4-0 Nylon. The skin was sutured by 
using 4-0 Nylon suture and separate stitches. After the procedure, 
the rats were randomly selected for the moments according to the 
random number table23. 

FIGURE 1 - A- Colotomy. B- Suture.

After the standardized period, 15 rats from each moment 
were again anesthetized and submitted to a new laparotomy 
for removal of a 3 centimeters colonic segment containing the 
anastomosis. The fragments were soaked in a mixture of saline 
solution and papaverine hydrochloride (250 miligram/liters) for 
30 minutes at 370C. The segments were then submitted to breaking 
strength evaluation. The rats were then sacrificed by using an 
intramuscular anesthetic overdose of sodium pentobarbital.

In order to evaluate longitudinal breaking strength, the 
Mechanic Assay Universal Testing Machine EMIC DL10-000 was 
used.

Morphological analysis was performed in the Department 
of Pathology of the Botucatu School of Medicine, Sao Paulo 
State University - UNESP. After the standardized period, five 
rats remaining from each moment were again anesthetized for 
removal of a 3 centimeters colonic segment with the anastomosis 
in its center. Three cuts were performed perpendicularly to the 
anastomosis region, and slides were prepared and respectively 
stained with Hematoxylin-eosin and Masson’s Trichrome. The 
criteria adopted for the histopathological evaluation of the healing 
process were: mucosal regeneration, inflammatory reaction, 
granulation tissue and collagenogenesis.

The biochemical analyses were performed at the Internal 
Medicine Experimental Laboratory of the Botucatu School of 
Medicine, UNESP. After application of breaking strength, the 
tissues were cut, and the segments consisting of both anastomotic 
borders were removed. Tissue hydroxyproline was dosed 
according to the method described by Switzer24. The variables 
used to evaluate surgical complication were: deaths, anastomotic 
dehiscence and surgical site infection.

For statistical analysis, Tukey’s method was used for 
variables breaking strength and tissue hydroxyproline dosage. 
In each group and at each moment, 15 animals were used, and 
the means and standard deviations were calculated as indicators 
for central tendency and variability, respectively. The level of 
significance used was of 5%. Surgical complications, deaths, 
infections and fistulas were analyzed by the Z test. The level of 
significance used was of 5%. The rats’ weight gain was analyzed 
by the chi-square test. The level of significance used was of 5%.

Results

Weight gain in the group submitted to ethanol ingestion 
until the date of surgery varied from 108.0 to 321.0 grams, with 
a mean and standard deviation of 218.7±49.4 grams whereas, in 
the control group, it ranged from 211.0 to 513.0 grams, with a 
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mean and standard deviation of 303.5±57.6 grams. Significant 
difference was found between the groups (p<0.05). The mean and 
standard deviation of the animals’ weight on the day of surgery 
in each group and at each moment as well as the general mean of 
each group and the statistical interpretation are shown in Table 1.

TABLE 1 - Weight’ animals per group and moments.

The means and standard deviations for the breaking 
strengths were respectively of 225.1±76.8 gramsforce on the 
4th postoperative day; 282.3±76.2 gramsforce on the 7th day; 
476.5±94.8 gramsforce on the 14th day and 535.2±133.3 gramsforce 
no 21st day in the treated group. In the control group, such 
values were 257.0±46.7 gramsforce on the 4th postoperative day; 
340.9±64.7 gramsforce on the 7th day; 535.2±113.2 gramsforce on 
the 14th day and 602.6±96.2 gramsforce on the 21st day. Although 
the breaking strength means were higher in control group, there 
were no statistically significant differences between the groups 
at each moment, this is shown by a significant interaction group 
* moment was not significant (P> 0.05). There was a difference 
between the overall mean of the control group in contrast to the 
treated group (TG<GC) and also showed differences between the 
overall averages of the moments, being M1=M2<M3=M4 (Figure 
2).

FIGURE 2- Means and standard deviation for the breaking strengths at 
each moment (p>0.05) and general mean in each group in grams force 
(p=0.03).

In the treated group, the mean/standard deviation for the 
tissue hydroxyproline dosage was 4.98±2.20micrograms/deciliter 
on the 4th postoperative day; 7.82±1.50 micrograms/deciliter on the 
7th postoperative day; 11.02±3.00 micrograms/deciliter on the 14th 
postoperative day and 16.64±6.90 micrograms/deciliter on the 21st 
postoperative day. In the control group, the values were respectively 
6.31±2.10μg/ml on the 4th postoperative day; 9.08±1.50μg/ml on 
the 7th postoperative day; 12.11±1.30 micrograms/deciliter on the 
14th postoperative day and 14.33±2.60 micrograms/deciliter on the 
21st postoperative day. The hydroxyproline dosage did not show 
differences between the groups at each studied moment, but a 
significant difference was only found between the moments, with 
the smallest value at moment M1 and the largest at moment M4 
(Figure 3).

FIGURE 3 - Hydroxyproline dosage: mean and standard deviation at 
each moment.

The histopathological analysis did not show significant 
alterations between the control group and the treated group. No 
delay was observed for the intestinal healing phases in the group 
submitted to ethanol ingestion as compared to the animals in the 
control group. On the first postoperative days, partial mucosal 
regeneration occurred with development to complete healing in 
four of the five samples on the 21st day in both groups. At first, 
inflammatory reaction was incipient on the 4th day after the 
procedure, with slight neutrophilic exudate, a process that showed 
a major increase on the 7th day after the procedure. On the 21st day, 
there was virtually no inflammatory process in both groups. As 
regards the formation of granulation tissue and collagenogenesis, 
the presence of a few neoformed vessels was observed on the 4th 
day. They were perpendicular to the anastomosis and showed a 
small number of fibroblasts and collagen fibers. Increased vascular 
formation occurred over time, with a larger number of fibroblasts 
and collagen. Collagen density increased progressively during 

Group
Moments

M1(g) M2(g) M3(g) M4(g) All(g)

Treated 
Group

428.2±50.2
(B)

439.0±53.1
(B)

403.8±49.7
(B)

393.6±45.0
(B)

409.1±48.4
(B)

Control 
Group 

547.7±65.5
(A)

467.2±44.2
(A)

484.2±44.1
(A)

475.4±39.6
(A)

493.6±57.8
(A)

Interpretation A > B A > B A > B A > B A > B
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the experiment. On the 21st postoperative day, more structurally 
organized fibers were observed.

 As regards complications, five surgery site infections 
occurred in the group submitted to ethanol ingestion whereas 
there was only one in the control group. The control group showed 
two anastomotic fistulas, and the treated group showed nine. 
Seven deaths occurred in the group submitted to ethanol ingestion 
whereas only three took place in the control group (Table 2).

TABLE 2 - Distribution of complication frequencies 
according to groups and statistics.

Discussion

Intestinal healing can be evaluated by means of the 
anastomosis breaking strength or collagen quantification22. 
Mechanically, the tissue repair process can be measured by both 
the longitudinal breaking strength used in our study and the radial 
bursting strength25. Longitudinal breaking strength is the measure 
of the intestinal wall resistance to forces applied on its longitudinal 
direction26 while radial breaking strength, also known as bursting 
pressure, measures the resistance of the intestinal wall to increased 
intraluminal pressure27. Longitudinal strength is determined by the 
quality and quantity of collagen fibers and, on the first three days, 
reflects primarily the resistance of suture materials28. On the first 
two days of healing, the breaking strength of suture, in either of the 
abovementioned methods, is low due to the action of collagenase25 
which degrades part of the collagen existing in the lesioned tissue. 
Therefore, during this period, anastomosis resistance depends on 
the suture material and/or on the metal clamps used. As days go 
by, tissue resistance progressively increases, and it is proportional 
to collagen production by the tissue. Decrease in rupture strength, 
both longitudinal and radial during the first days after suturing 
is not consensual in the literature. A study that experimentally 
evaluated anastomoses in rats did not find any reduction in 
radial breaking strength on the first days of the healing process, 
but rather a progressive increase in such strength which was 

directly proportional to the increase in the number of neutrophils 
in the repair site26. The criticism in the literature as regards the 
sensitivity of the longitudinal breaking strength on the first three 
postoperative days is that it does not change in that period, thus 
remaining constant and progressively increasing from the 4th 
day26,27. Such event has not been fully understood, and it probably 
occurs due to the fact that this measure is extremely sensitive to 
the surgical technique used in producing anastomoses26. In our 
study, a difference was soon found in breaking strength between 
the groups on the 4th postoperative day, although without statistical 
significance. The use of the longitudinal breaking strength is 
criticized due to the difficulty to apply the same strength on the 
whole colonic circumference29. Radial breaking pressure is also 
questioned because of the difficulty to compare the various studies 
due to the absence of standardization with which the anastomosis 
is insufflated30 and if such measure must be taken in situ or with 
the piece out of the cavity31. 

A recent meta-analysis has found that the pre-operative 
intestinal preparation is not related to colonic healing and that it may 
even increase the risk for fistula occurrence in the postoperative 
period32. In our study, we chose to not perform colon preparation, 
and the animals were operated on by only two researchers so as to 
minimize the bias of surgical technique used.

Alcoholism is one of the major causes of malnutrition 
in the United States33. A study published in 1998 analyzed 32 
alcoholic individuals without signs of hepatic dysfunction or 
intestinal malabsorption. Lower weight was observed in those 
patients, especially at the expense of body fat reduction34. Such 
weight reduction probably occurs due to the fact that the alcoholic 
individual can replace up to 50% of his daily intake of calories 
by alcohol35. Our experimental study showed substantially lower 
weight gain in the group submitted to ethanol ingestion, with 
statistical significance, thus revealing a correlation with the 
abovementioned studies. 

Intestinal healing can be negatively influenced by 
several factors such as: surgical technique, suture materials 
used, malnutrition, anemia, diabetes, irradiation, shock, 
immunosuppression, infection and pre-operative blood 
transfusion. As regards the alcohol problem, a retrospective study 
analyzed 355 patients submitted to colonic and rectal anastomoses 
for benign and malignant diseases, and it found increased risk 
for dehiscence in individuals that ingested more than 35 doses 
of alcoholic beverages a week, considering that a dose contained 
from 9 to 13 grams of alcohol36. A Danish article published in 
2005, including 5.181 patients submitted to coloproctologic 
surgeries due to neoplasias, confirmed the abovementioned 

Group Infection Fistula Deaths
Total of 

Complications

Treated 
Group

5 (8.3%) 9 (15.0%) 7 (11.7%) 21 (35%)

Control 
Group

1 (1.7%) 2 (3.3%) 3 (5.0%) 6 (10.0%)

p 0.09 0.02 0.18 0.001
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information as it found significant worsening in intestinal healing 
and an increased rate of anastomotic fistulas37. These data are in 
agreement with those in our study, which found smaller breaking 
strength in the anastomoses of individuals to ethanol intake, 
in addition to a larger number of fistulas, both with statistical 
significance. The longitudinal breaking strength of anastomoses 
at the four postoperative moments was larger in the control group, 
although without statistical significance, which may be due to the 
small number of animals evaluated at those moments. However, 
when analyzed by groups, control group showed significantly 
larger breaking force than treated group. Other studies have also 
confirmed the negative influence of alcohol abuse, both acute and 
chronic, on the tissue healing process38-42. There is evidence that not 
only chronic alcohol abuse delays healing, but its acute ingestion 
previously to the surgical event also does. An experimental study 
analyzed the cutaneous healing of rats submitted to moderate 
doses of ethanol (100 miligrams/deciliter) and concluded that 
drastic worsening in the proliferative phase of the tissue healing 
process and decreased collagen synthesis occurred41. 

The biochemical measurements of intestinal healing 
mainly comprise tissue hydroxyproline and the collagen 
deposition rate25. In our study, it was observed that the amount 
of hydroxyproline significantly increased over time at all studied 
moments, but no difference was found for its dosage between the 
groups, which may be due to the fact that chronic alcohol abuse 
does not affect the amount of collagen production or change only 
the quality of collagen produced. Another possibility would be 
the increase of enzyme collagenase on the anastomotic site, an 
event that would cause greater collagen degradation, which is 
not quantified by hydroxyproline dosage, since this method only 
measures collagen production, but not its degradation. The effect of 
ethanol probably begins in the inflammatory phase of cicatrization 
and also influences the later phases of process and tissue repair. 
An experimental study evaluated cutaneous healing among rats 
and showed that the production of chemoattractive cytokines 
by neutrophils had decreased in the group submitted to ethanol 
ingestion, which had been caused by the decrease in interleucin-1β 
production in the lesioned tissue43. Deficiency of such interleukin 
reduces topical inflammation and the expression of adherence 
molecules in endothelial cells, in addition to hindering cellular 
infiltration to the target tissue43-45.

In our study, no significant alterations were found between 
the groups as concerns the histopathological analysis. The absence 
of difference occurred due to the fact that light microscopy is a 
“rough” method to study ethanol-mediated alterations in the tissue 
repair process since such alterations probably occur in the ultra-

structural level of collagen and in the biochemistry of intestinal 
healing. Additionally, hematoxylin-eosin and Masson’s trichrome 
staining, which was used in our study, is not a quantitative method 
for collagen dosage, and it was utilized only to illustrate the 
healing process of colonic anastomoses.

A published article which compiling studies conducted 
from 1967 to 1998 analyzed pre-operative alcoholism and its 
postoperative morbidity46. The most common complications found 
by the authors were bleeding, infections and cardiopulmonary 
insufficiency that required intensive care therapy46. A study 
published in 2007 analyzed 163.624 patients submitted to surgical 
procedures and detected 14 independent variables for surgical 
site infection risk, and one of them was alcoholism47. Our study 
agrees with previous investigations, as it found a total number 
of complications in treated group with statistical significance 
and fivefold more surgery-site infections in the treated group for 
which no statistical difference was found probably due to the small 
number of animals. 

It is known that ethanol modulates immune response in 
a complex fashion48, including the increase in the blood levels of 
certain immunoglobulins49. Despite such increase, alcoholic patients 
are knowingly immunodeficient, which probably results from a 
deregulation in antibody production due to cytokine alterations49, 
suppression of processes involving lymphocyte migration50 and 
reduction in phagocytosis capacity of monocytes, neutrophils and 
macrophages51. An article published after a symposium held in the 
United States which compiled studies on cytokines and alcohol 
suggests that the acute and moderate intake of ethanol leads to a 
dual anti-inflammatory effect due to pro-inflammatory inhibition, 
in addition to an increase in the anti-inflammatory cytokines 
produced by monocytes46. Despite all these alcohol-dependent 
immunological alterations, other factors such as malnutrition 
and smoking are likely to contribute to an alcoholic individual’s 
susceptibility to infections46. An article published in 2004 found 
decreased levels of cytokines interleucin -1β, interleucin -6 and 
interleucin -8 at the beginning of infection in alcoholic patients, 
thus corroborating the other findings for immunosuppression in 
this group52. A study published in 2002 analyzed 45 patients, 25 
of whom were alcoholics, submitted to resections of tumors in the 
high digestive tract and who required an intensive care regimen 
in the postoperative period53. A higher infection rate was found 
for alcoholics, 68% as compared to 30%, in addition to a longer 
period of mechanical ventilation and the need for an intensive care 
regimen53. A Danish study has also found a significant increase in 
postoperative mortality in alcoholic patients submitted to curative 
resection for lung cancer30. Postoperative mortality was threefold 
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higher in alcoholic patients in a study conducted by Tonnesen and 
Kehlet46. Our experimental study found 2.33fold more deaths in 
rats submitted to ethanol intake, a fact that is in agreement with the 
previously mentioned studies.

The mechanism related to this larger number of 
complications is multifactor, including the dysfunction of multiple 
organs and systems, an exaggerated response to surgical stress 
and the abstinence syndrome46, probably associated with the 
lack of various nutrients. Additionally, the response to surgical 
stress contributes to reduced immunity, coagulation deficit and 
cardiac overload, which together can increase the rates of surgical 
complications46. It is important to point out a randomized and 
controlled trial that analyzed 42 alcoholic patients without hepatic 
diseases who, after one month of abstinence, showed significantly 
reduced morbidity following the surgical procedure54. 

Conclusions

The animals submitted to ethanol intake presented a 
malnutrition process shown by significantly lower weight gain 
in relation to the control group. They showed impaired intestinal 
healing as demonstrated by the significantly smaller longitudinal 
breaking strength in the treated group. They also displayed a 
higher rate of postoperative complications characterized by a 
larger number of lesion infections, fistulas and higher mortality.
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