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ABSTRACT

BACKGROUND: Management of the skin degloving injuries is still a problematic issue, and the avulsed part of the skin may become 
necrotic. We hypothesized that the anticoagulant pharmacological agents, fondaparinux and dabigatran may be beneficial in the treat-
ment of degloving injuries by enhancing the viability of the reattached flap.

METHODS: Twenty four Wistar rats were divided into three groups as follows: control group (Group 1), fondaparinux group (Group 
2) and dabigatran group (Group 3). A model of a degloving injury on the tail of rats was developed in all groups. After 15 minutes, 
the avulsed flaps were sutured back. Group 1 received 1ml/day saline intraperitoneally for 10 days. Group 2 received 0.3 ml/kg/day 
fondaparinux intraperitoneally for 10 days. Group 3 received 30 mg/kg/day dabigatran orally for 10 days. At the end of the treatments, 
gross morphological and histopathological tail tissue survivals were evaluated.

RESULTS: Histopathological examination of the fondaparinux and dabigatran groups revealed that the tail skin was mostly viable 
with mild inflammation. The mean necrotic length in tails and severity of inflammation was significantly higher in the control group 
compared to the fondaparinux and dabigatran groups (p<0.05). No statistically significant differences were noted between the fon-
daparinux and dabigatran groups in histopathologic evaluations. There was no significant difference in necrosis lengths and the other 
histopathological parameters between dabigatran and fondaparinux groups.

CONCLUSION: Dabigatran and fondaparinux improved tissue survival in skin degloving injuries concerning gross morphological and 
histopathological findings. However, the findings of this study should be supported and improved by new experimental and especially 
clinical studies.
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tremity with circling objects forming a high speed of friction, 
such as vehicle wheels or motorcycle accidents.[1]

These injuries are divided into three patterns. Pattern 1 de-
scribes a pure degloving injury in which the underlying deep 
soft tissues are preserved. In pattern 2, deep soft tissues such 
as muscles and fascia, are also involved. Pattern 3 is the most 
severe type. It causes a degloving injury in the superficial skin 

  EXPERIMENTAL STUDY

Ulus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3 343

INTRODUCTION

A degloving injury is a soft tissue injury defined as a traumatic 
avulsion of the skin and subcutaneous tissue, together with 
the underlying deep fascia. Dermal vascular plexus is included 
in the skin, and it is damaged due to the separation of vessels 
from the skin in degloving injuries. A degloving injury mostly 
occurs due to shear forces as a result of contact of the ex-
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and then continuously transfers into the deep soft tissues and 
even the bones, resulting in varying damages of soft tissue 
and different types of fractures.[2] The most common sites of 
degloving injuries are the extremities, especially the lower ex-
tremities, but these injuries may also occur in other regions 
of the body, such as the trunk and the cephalic region.[3] Mis-
management of such injuries results in delayed full-thickness 
necrosis of the avulsed skin flap and loss of the limb, or even 
worse, death.[4] Many strategies for management of degloving 
injuries have been proposed, including re-adaption of the flap, 
converting the avulsed flap into a graft, revascularizations or 
re-plantations as salvage, as well as the reconstruction with 
grafts, local flaps and free flaps.[5–7]

Most studies related to degloving injuries in humans are com-
posed of cross-sectional studies, descriptive studies or case 
reports. The use of pharmacological agents that are involved 
in coagulation may enhance the viability of the reattached flap 
with or without vascular anastomosis and may have beneficial 
effects on patients with degloving injuries. Dabigatran etex-
ilate mesylate is an orally administered novel anticoagulant, 
which is a direct thrombin inhibitor.[8] Dabigatran prevents 
the conversion of fibrinogen to fibrin and thus inhibits throm-
bus formation.[9] Fondaparinux sodium is a new class of syn-
thetic anticoagulant drugs that selectively bind and potentiate 
antithrombin III, thereby specifically inhibiting the factor Xa in 
the coagulation cascade.[10]

We hypothesized that fondaparinux and the oral drug dabiga-
tran, which have a similar mechanism of action in the coagu-
lation cascade, may have beneficial effects on wound healing 
and improve the survival of avulsed skin in rat tails by facil-
itating microcirculation and preventing microthrombus for-
mation. To our knowledge, there is no study that evaluated 
the effectiveness of these novel anticoagulants on degloving 
injuries. Hence, in this experimental study, we aimed to eval-
uate the efficiency of fondaparinux and dabigatran, novel an-
tithrombotic agents, on degloving injuries in rats.

MATERIALS AND METHODS

All experiments were conducted in strict accordance with 
the National Institute of Health Guidelines for the Care and 
Use of Laboratory Animals. The experimental procedures 
were performed in the Practice and Research Laboratory of 
Kahramanmaraş Sütçü Imam University. The protocols in this 
study were approved by the Local Committee on Animal Re-
search Ethics (Ethics Committee File No: 2018/04, Approval 
date: 20.03.2018).

Drugs and Chemicals
Fondaparinux (Aspen, France) 0.3 mg/kg/day was dissolved 
in 0.9% saline and administered intraperitoneally in 1 ml/kg 
of volume. Dabigatran (Boehringer Ingelheim, Germany) was 
mixed with drinking water and given orally to the rats by 30 

mg/kg/day in 1 ml of volume by oral gavage. The rats were 
anaesthetised by an intramuscular injection of 50 mg/kg of 
ketamine hydrochloride (Ketalar®; Pfizer, Istanbul, Turkey).

Study Groups 
Twenty-four male Wistar-albino rats with a body weight of 
260–300 g each were equally and randomly divided into three 
groups (n=8 per group). The animals were kept in separate 
cages at an ambient temperature of 22°C and 60±5% humid-
ity with a 12-hour light/dark cycle and ad libitum access to rat 
chow and water.

The first group was the control group and administered 0.5 
ml of saline once a day intraperitoneally (i.p.). In the second 
group, 0.3 mg/kg of fondaparinux was administered once a day 
i.p. for 10 days. In the third group, 30 mg/kg of dabigatran was 
administered daily by gastric gavage for 10 days. A model of a 
degloving injury on the tail of rats was developed in all groups. 
After 15 minutes, the avulsed tissues were sutured back. The 
colour of the skin and the status of the wound were exam-
ined daily for 10 days. During the studied period, no rats were 
excluded due to death or self-mutilation. At the end of the 
treatments, the rats were sacrificed by cervical dislocation.

Induction of Degloving Injury in Rats’ Tails
The surgical method was based on the degloving injury model 
reported by Oztuna et al.[11] The skin and subcutaneous tis-
sues were incised circumferentially 5 cm distal to the base 
of the tail. Subsequently, a moderate manual force was ap-
plied to the tail at the distal end of the incision using the 
thumb and index fingers. When a 4-cm-long avulsion of the 
skin and subcutaneous tissue from the underlying tendon and 
vascular tissue was achieved, the traction was ceased (Fig. 1). 
Fifteen minutes after the injury, the avulsed tissue was re-
approximated and sutured back to its original position using 
4/0 vicryl.

Evaluation of the Gross Morphologic and
Histopathological Changes 
The lengths of the necrotic tail regions were measured in mil-
limetres using a ruler. The circumferential lengths of necrosis 
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Figure 1. Creation of a degloving injury site in the tail of the rats.
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at the proximal and distal boundaries were measured. Warm, 
pink-white and pliable tissue was evaluated as viable skin, and 
brown-black, cold and hardened tissue was considered to be 
necrotic skin. For the histopathological examinations, the tis-
sue samples were embedded in paraffin and sectioned in a 
longitudinal orientation, fixed in 10% neutral buffered forma-
lin and stored in 5% formic acid. The tissues were followed 
by a Leica ASP 300 tissue processor device and sectioned at 
a thickness of 3 µm on a microtome (Leica RM 2145). The 
samples were stained with Haematoxylin-Eosin and examined 
via light microscopy by an experienced pathologist.

Data Analysis
All data were recorded and analysed using SPSS for Windows 
v.15.0 (SPSS Inc., Chicago, IL, USA). Kruskal-Wallis H test was 
used for the statistical analysis of gross morphological and 
histopathological differences among the groups. Bonferroni 
correction was applied to correct for comparative differ-
ences. Comparisons in the 95% confidence interval and those 
that were found to have p-values of smaller than 0.05 were 
considered significant.

RESULTS

Gross Morphologic Changes
The avulsed tail flaps were cyanotic, and distal tail segments 
were oedematous in all animals on the postoperative day 2. 
We observed surgical wound infection in one rat in the saline 
group. Haematoma occurred only in one rat in the fonda-
parinux group. We also observed partial wound dehiscence 
of 3 mm in the tails of three rats, secondary to full-thickness 
necrosis in two rats in the control group, as well as one rat 
in the fondaparinux group. Skin necrosis was on a measurable 
level at the end of day 10.

In the dabigatran and fondaparinux groups, six tails of each 
group healed well and showed limited necrosis (Fig. 2a, b), 
whereas a clear length of necrotic tails was observed in al-

most all of the rats in the control group (Fig. 2c). The mean 
length of the necrotic area was significantly higher in the 
saline group than the other groups (p=0.013). There were 
no statistically significant differences in the lengths of the 
necrotic area between the dabigatran and fondaparinux 
groups (Table 1).

Histopathological Results
The clinical findings, histopathological findings and results 
of the statistical analysis demonstrated that the differences 
between the dabigatran and fondaparinux groups were not 
significant. There was a significant difference between the 
results of the control group and both the fondaparinux and 
dabigatran groups (Fig. 3).

Kruskal Wallis test was used to determine whether the 
necrotic tissue length values changed for the three groups. 
According to the results of the test, there was a statistically 
significant difference between the mean values of necrotic 
tissue length among the three groups (p<0.05). Multiple com-
parison tests were performed to see the difference between 
the groups. According to the results of Bonferroni multiple 
comparisons, the necrotic tissue length in the saline group 
was significantly higher in comparison to the dabigatran and 
fondaparinux groups (p<0.05). The lowest necrotic tissue 
length was determined in the dabigatran group. While the 
p-value was 0.013 for the necrotic tissue length for the dabi-
gatran and saline groups, there was no statistically significant 
difference between the fondaparinux and dabigatran groups.

The severity of inflammation was evaluated using the Kruskal 
Wallis test for the three types of drugs. According to the re-
sults of the test, there was a statistically significant difference 
between the mean values of inflammation among the three 
groups (p<0.05). According to the results of the Bonferroni 
test, the severity of inflammation was significantly higher in 
the saline group in comparison to the fondaparinux and dabi-
gatran groups (p<0.001). While the severity of inflammation 
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Table 1. The length of the necrosis (mean±SD) in the tails of rats

 Group 1 (Saline) Group2 (Fondaparinux) Group 3 (Dabigatran)

 Mean±SD Mean±SD Mean±SD

Length of necrosis (mm)  48.5±6 23.5±8.03 16.75±8.74

SD: Standard deviation.

(a) (b) (c)

Figure 2. (a) Intact epidermis in the dabigatran group. (b) Limited necrosis of the tail in the fondaparinux group. (c) Severe necrotic skin of the tail in 
the control group.



was determined in the saline group as the maximum, there 
was no statistically significant difference between the dabiga-
tran and fondaparinux groups.

To determine the neovascularization values, the Kruskal 
Wallis test was used. According to the results of the test, 
both fondaparinux and dabigatran groups showed significantly 
higher neovascularization in comparison to the saline group 
(p=0.011). There was no statistically significant difference be-
tween the fondaparinux and dabigatran groups.

Although a better granulation tissue formation was seen in 
the dabigatran and fondaparinux groups in comparison to the 
saline group, the difference among the groups was not statis-
tically significant (Figs. 4, 5). 

DISCUSSION
Degloving injuries are distinguished from other injuries by 
the damage in neurovascular structures that occurs together 
with trauma mechanisms. Vascular avulsion in the degloved 
skin results in necrosis due to impaired blood supply. A pure 
degloving injury is an avulsion with intact underlying anatomic 
structures, such as tendons, bones and joints. The skin and 
subcutaneous tissues are severely damaged and they are sep-
arated from the underlying fascia and muscles.

Management of degloving injuries is challenging in both the 
upper and lower extremities. Degloving injury treatment is 
based on the viability of the avulsed skin flap and the site 
of the injury area. Depending on the type and severity of 
the degloving injury, various treatments may be performed 
including re-attachment of the flap, converting the avulsed 
flap into a full-thickness skin graft, reconstruction with split-
thickness skin grafts, local or free flaps, revascularization and 
re-plantation.[6] There are several studies that provided satis-
factory results in degloving injuries of the upper extremities 
thanks to microsurgical treatments like revascularization, ve-
nous anastomosis, arterial anastomosis or arterialisation by 
arteriovenous shunts.[12–17] Although there are no established 
guidelines or a consensus for the management of degloving 
injuries, the general treatment principles include preservation 
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Figure 3. (a) In the dabigatran group, the epidermis was thinner than normal but not necrotic (marked with a star), and in the dermis, significant neo-
vascularization and mild chronic active inflammatory infiltrate were observed (in the circle). (b) In the fondaparinux group, dermoepidermal blisters 
were seen on the surface, but no necrosis was observed, and the epidermis was intact (marked with a star). There were significant neovascularization 
and mild chronic inflammatory infiltrate in the dermis (in the circle). (c) In the control group, both the epidermis and papillary dermis were completely 
necrotic (in circle), and severe inflammation was also observed in the reticular dermis (inside the rectangle).

(a) (b) (c)

Figure 4. Total necrotic lengths in the tails (mm).
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of as much tissue as possible, early primary definitive wound 
coverage, good-quality skin envelope and early functional re-
covery.[18]

In fact, what makes management of degloving injuries so 
complex and involved is that the treatment options strictly 
change depending on the specific anatomy of the injury site, 
as well as its unique features. Hence, as a necessity, these 
cases must be evaluated with their own characteristics based 
on the trauma region. Latifi et al.[19] reported on the treat-
ment options of degloving injuries by anatomical locations. 
The principal and best surgical treatment option in hand and 
finger degloving injuries is always replantation or revasculari-
sation. Since avulsion of the blood vessels, consequently, the 
intimal damage may extend beyond the visible injury level; 
tissue viability should be examined meticulously. Nonethe-
less, the existence of other life-threatening injuries or crush 
injury of the degloved flap may not allow replantation.[18] 
When direct microsurgical anastomosis is not possible, the 
crossed arterial anastomosis technique and vein grafts, either 
for arterial repair or venous repair may be helpful in obtaining 
successful results. Because of the lack of an artery in degloved 
skin, repair of the hand using distally based skin flaps has been 
reported using arteriovenous shunting.[20] In such cases of 
hand degloving injuries, when a suitable artery could not be 
defined in the degloved flap for direct physiological revascu-
larisation, radial artery to cephalic vein and/or superficial vein 
to digital artery arteriovenous anastomoses, in other words, 
arterialisation by creating arteriovenous fistulas, have been 
reported as reasonable salvage procedures in some cases.[21,22]

Zhang et al.[23] recommended giving a survival chance for de-
gloved hands and fingers by replantation or revascularization 
when the degloved skin is not severely damaged. However, 
they reported both the fingers and degloved flap following 
microsurgical repair were completely salvaged in only one of 
their patients. They suggested that, in the presence of dia-
betes mellitus, vascular diseases or heavy smoking history, 
microsurgical procedures require serious consideration.

Lower limb and foot degloving injury management differs 
from upper extremity management with its complexity, since 
it requires different specialties.[19] Repositioning and sutur-
ing the flap back with or without microsurgical anastomosis, 
split-thickness skin grafting obtained from degloved flaps by 
defatting, dermal matrices, VAC (vacuum-assisted closure) or 
reconstruction with either flaps or grafts are the basic treat-
ment modalities.

Some authors agree that full-thickness skin graft conversion 
of the avulsed flap is the most appropriate choice in lower 
extremity degloving injuries since it is mostly not possible to 
identify a proper artery for anastomoses, or a proper artery 
in the degloved limb is often absent or traumatized. Moreover, 
vascular anastomoses are rarely successful for damaged skin 
flaps and contraindicated in most degloving injuries, especially 

when degloved flaps are contused. When microsurgical repair 
is not feasible, replacement of avulsed skin flaps as full-thick-
ness skin grafts may consistently provide satisfactory results 
in the treatment of degloving injuries in the lower extremi-
ties.[24] Hence, recently, the most frequently used technique 
in degloving injuries of the lower extremities is defatting the 
avulsed part and converting it into a full-thickness skin graft 
to cover the defect when revascularization is not possible.
[2] Thereto, Chen and Liu[25] noted that preservation of the 
subcutaneous vascular network and adequate drainage might 
provide a better effect than split-thickness skin meshing and 
grafting alone. It is assumed that the golden time for deglov-
ing injury treatment is eight hours after injury because the ini-
tially avulsed flap has perfusion, but it then develops ischemia 
and necrosis due to circulation disorders as time goes by. The 
coagulation cascade reaction of damaged vascular endothelial 
cells alters the biological effects and blood coagulability. Since 
the inner walls of the blood vessels are very conducive to 
thrombosis, skin microcirculation worsens even further. As 
pointed out, in addition to the importance of anticoagulants 
after degloving injuries with or without microsurgical repair, 
they also play a major role in the survival of degloved flaps 
by decreasing the risk of thrombosis.[10,23] Herein, we utilized 
fondaparinux and dabigatran, since anticoagulation may have 
beneficial effects on wound healing and improve the survival 
of avulsed skin by facilitating microcirculation, preventing mi-
crothrombus formation and inhibition of coagulation cascade. 
Fondaparinux is a synthetic and selective inhibitor of the 
factor Xa that has proven efficacy and safety for preventing 
venous thromboembolism in orthopaedic surgery. In several 
recent studies, fondaparinux has been shown to be effective 
in preventing postoperative venous thromboembolism and 
venous congestion-associated flap failure.[25–27]

Dabigatran, a novel anticoagulant, is a direct thrombin in-
hibitor that prevents the conversion of fibrinogen to fibrin 
and thus inhibits thrombus formation. Dabigatran has been 
approved by the FDA for the treatment of deep venous 
thrombosis and/or pulmonary embolism and venous throm-
boembolism prophylaxis. It has predictable pharmacokinetic 
and pharmacodynamic profiles, no known food interactions 
and no genetic metabolism variations.[28]

The first rat model for degloving injuries was described by 
Oztuna et al.[11] in 2006. The authors induced a 3-cm-long 
avulsion injury in the tails of rats and examined the effects of 
pentoxifylline on the viability of avulsed flaps. In 2012, Milch-
eski et al.[29] described another degloving injury model in rat 
hindlimbs. They described four different types of hindlimb 
degloving injuries, including proximal flow pedicled flap, distal 
flow pedicled flap, lateral flow pedicled flap and medial flow 
pedicled flap. This animal model was used in a subsequent 
study to examine the effects of pentoxifylline and allopuri-
nol on the viability of avulsed hindlimb flaps.[30] Although a 
hindlimb degloving injury model may seem to be more clin-
ically relevant, it may be misleading while evaluating the re-
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sults. Once, during wound healing, plasmatic imbibition is 
expected to occur more in avulsed hindlimb flaps because of 
the relatively vascular nature of the underlying muscles. This 
condition may cause some part of the avulsed flap to be taken 
up as a graft by the underlying healthy vascular tissue. Com-
pared to hindlimbs, the tissue underlying the avulsed flap in 
the tail is relatively more avascular, and hence, the probability 
of graft uptake is lower. Moreover, in a hindlimb degloving in-
jury model, the avulsion of the flap is caused solely by traction 
using a towel clamp, and there is almost no crushing force 
applied to the tissues. However, while creating an avulsed flap 
in the tail degloving injury model, some force is also applied 
to the tissues by the thumb and the index finger. Therefore, 
while hindlimb and tail degloving injury models are both appli-
cable to evaluate the avulsed skin as a defatted flap or a full-
thickness graft, the tail degloving model mimics the clinical 
facts better concerning the trauma mechanism, and it is more 
reliable in determining the efficacy of drugs.

We observed significant variability in the extent of flap necro-
sis in the tail degloving injury model when we compared our 
results with the results of the relevant studies in the liter-
ature. Demirtas et al.[31] examined the efficiency of hyper-
baric oxygen therapy on healing in an experimental model of 
degloving injury in the tails of nicotine-treated rats and re-
ported a necrosis length of 7.87±3.31 mm. Cebesoy et al.[32] 
encountered positive effects of both heparin and enoxaparin 
on the treatment of degloving injuries in rat tails, and they 
reported necrotic length as 10.2 mm. Azboy[33] evaluated the 
effects of the antithrombotic agents, enoxaparin and rivarox-
aban, on tissue survival following skin degloving injury in an 
experimental rat tail model, and they reported a necrosis 
length of 14±5 mm in their control group.

Altun et al.[34] compared the tail and hindlimb models in de-
gloving injuries. They observed that the tail degloving injury 
model was a more reliable animal model for degloving injuries 
although the hindlimb degloving injury model may seem as if 
it was more clinically relevant. The extent of necrosis of tails 
in their study was higher with a length of 28.42±3.04 mm in 
comparison to those in previous studies. They explained this 
difference by the variability in the magnitude of the degloving 
force. We also observed a higher extent of necrosis in tails 
with a length of 16.75±8 mm in the dabigatran group and 
48.5±6 mm in the saline group. In this study, even in the dabi-
gatran group whose results were the best, the necrotic tail 
length measurements were longer than the results reported 
in similar studies in the literature. The most important rea-
son that caused this difference is probably the length of the 
degloved tail. Although we implemented the model with a 
repeatable and standard force with the help of the prelimi-
nary studies before the experiment, another minor reason 
to encounter this difference may perhaps have been the vari-
ation in the magnitude of the force while leading to the de-
gloving damage, as previously stated by Altun. Nonetheless, 
more importantly, the method in our study differed from the 

aforementioned studies concerning the avulsion length cre-
ated in the tail. The main reason for finding longer necrotic 
lengths was probably the creation of the degloving injury by 
avulsing the skin and subcutaneous tissue by 4 cm of length 
in the experimental model. The longer amount of avulsion 
while creating the degloving injury very likely caused us to 
obtain increased lengths of necrotic tails in all groups. This 
minor modification of the degloving injury model in the rat 
tail may be considered as a form of a mildly increased type 
1 ring injury model, and it may also have caused the range 
of the numeric results of the treatments in this study to be 
broader. In our opinion, this minor modification in the ex-
perimental degloving model may also contribute to obtaining 
more comparable results with clinical practice.

This study had some limitations. First of all, we did not use 
different doses of dabigatran and fondaparinux. We admin-
istered the doses based on previous experimental studies in 
the literature. Secondly, it is difficult to reproduce the same 
magnitude of manual force each time while leading to a skin 
degloving injury. However, preliminary experiments served 
us well to apply a more applicable and standard magnitude 
of the manual force in the experimental procedures. Nev-
ertheless, it will be more beneficial to form a system or a 
device producing a standard magnitude of degloving force to 
avoid the variability in the groups. Since there were not any 
perforators of adequate calibre to repair the rat tail veins, 
we were not able to evaluate the effects of the drugs on 
perforasomes or a revascularized degloved flap. In a recent 
study by Kabakaş et al.,[35] although arterial perforator repair 
has been achieved, neighboring perforasomes have survived 
partially; however, the results of their study on degloving 
injuries seem promising for future studies. Therefore, to 
have a better understanding of this particular injury type 
and its effects on perforasomes, it will be necessary to de-
velop new experimental degloving injury models allowing 
perforator repair and investigate the efficiency of pharma-
cological agents that can increase survival on these mod-
els. In our opinion, future experimental studies to focus on 
these recommendations will definitely make valuable con-
tributions to degloving injury management. Moreover, we 
investigated the efficiency of dabigatran and fondaparinux 
only for the pattern 1 degloving injury model, which did not 
include deep soft tissues, bone fractures or any crush injury 
just like those without a completely diminished circulation. 
Therefore, the findings obtained in this experiment should 
not be considered valid for pattern 2 and pattern 3 degloving 
injuries. Finally, one should consider that the pharmacolog-
ical agents used in this experiment showed significant effi-
cacy in degloving injury, but these are not an alternative to 
replantation or revascularization. Depending on the findings 
of this experiment, these agents show beneficial effects and 
provide improvement in pattern 1 degloving injuries with 
adequate circulation in cases where any perforator repair 
is unavailable, or microsurgical revascularization cannot be 
performed.
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In conclusion, our findings suggest that fondaparinux and 
dabigatran had positive effects on preserving the viability of 
degloved rat tail skin flaps and contributed to limiting the 
progression of ischemia and necrosis. Fondaparinux and dabi-
gatran significantly improved the survival rate in skin deglov-
ing injuries in a rat tail model. Based on the promising results 
obtained in this study, even in the absence of microsurgical 
repair, we believe that fondaparinux and dabigatran admin-
istration may be used as a supplementary treatment and 
provide beneficial effects for skin flap survival in degloving 
injuries. Further studies with different drug doses and study 
designs are required to assess whether or not these results 
may be applicable in humans, especially following arterial or 
venous repairs after degloving injuries.
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Avülsiyon yaralanmalarında fondaparinuks ve dabigatranın etkileri: Deneysel bir çalışma
Dr. Alper Ural,1 Dr. Fatma Bilgen,1 Dr. Duygun Altıntaş Aykan,2 Dr. Abdulkadir Yasir Bahar,3

Dr. Mehmet Bekerecioğlu,1 Dilan Altıntaş Ural4

1Kahramanmaraş Sütçü İmam Üniversitesi Tıp Fakültesi, Plastik Rekonstrüktif ve Estetik Cerrahi Anabilim Dalı, Kahramanmaraş
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AMAÇ: Avülsiyon yaralanmalarının yönetimi hala zorlayıcı bir konudur ve avülsiye olan deri flepleri nekroza uğrayabilmektedir. Antikoagülan ajanlar 
olan fondaparinuks ve dabigatran ile tedavi edilen avülsiyon yaralanmalarında tekrar yerine sütüre edilen fleplerin sağkalımını artırması hedeflenerek 
avülsiyon yaralanmalarının tedavisinde faydalı olabileceğini düşündük.
GEREÇ VE YÖNTEM: Yirmi dört adet Wistar sıçanı üç gruba ayrıldı: Kontrol grubu (Grup 1), fondaparinuks grubu (Grup 2) ve dabigatran grubu 
(Grup 3). Tüm sıçanların kuyruğunda bir avülsiyon yaralanma oluşturulduktan 15 dakika sonra, avülsiyonlu dokular geri yerine sütüre edildi. Grup 
1, 10 gün boyunca periton içine 1 ml/gün serum fizyolojik aldı. Grup 2, 10 gün boyunca periton içine 0.3 ml/kg/gün fondaparinuks aldı. Grup 3, 10 
gün boyunca oral olarak 30 mg/kg/gün dabigatran aldı. Tedavilerin sonunda, morfolojik ve histopatolojik parametreler ve kuyruk doku sağkalımları 
değerlendirildi.
BULGULAR: Histopatolojik incelemede fondaparinuks ve dabigatran gruplarında kuyruklarının çoğunluğunun sağlam kaldığı ve enflamasyonun ise 
hafif  düzeyde olduğu gözlendi. Fondaparinuks ve dabigatran gruplarına göre kontrol grubunda ortalama kuyruk nekroz uzunluğu ve inflamasyonun 
şiddeti istatistiksel olarak daha yüksek bulundu (p<0.05). Dabigatran ve fondaparinuks grupları arasında nekrotik alanın uzunluğu ve diğer histopa-
tolojik parametreler açısından anlamlı bir fark saptanmadı (p>0.05).
TARTIŞMA: Dabigatran ve fondaparinuks, avülsiyon yaralanmasında morfolojik ve histopatolojik bulgular ile doku sağkalımını artırmıştır. Bununla 
birlikte, bu çalışmanın bulguları yeni deneysel çalışmalar ve özellikle klinik çalışmalar ile desteklenmeli ve geliştirilmelidir.
Anahtar sözcükler: Alt ekstremite rekonstrüksiyonu; avülsiyon; flep.
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