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Abstract
The purpose of this study was to investigate the effi  cacy of synovial fl uid (SF) as a source of hyaluronic acid (HA) on Limberg and Elliptical rotation 
fl ap healing. In this study conducted on 24 male Mus musculus mice, the animals were divided into 2 main groups. Group 1 (n = 12): Limbergfl ap 
group; Group 2 (n = 12) Elliptical rotation fl ap group. Six of the animals in Group 1 and Group 2 were assigned as the Flap (Control) Group, and 6 as 
the Flap + SF Group. In SF subgroups of animals in each group, 1 mL SF was injected into the operation area in addition to the fl ap surgical procedure. 
The groups were compared in terms of epithelialization, angiogenesis, neutrophil leukocyte infiltration and fibroblast activity, and the eff ect of SF 
on the infl ammation and wound healing was evaluated. It was observed that epithelization was completed in all animals in the groups which were 
administered compared to the other groups, and there was a statistically significant diff erence (P<0.05). In addition, no necrosis or abscess was 
found in the groups which were administered SF. There was no statistical diff erence in the paired comparisons of neutrophil-leukocyte infiltration 
and fibroblast activity parameters. Although the Limberg fl ap technique is more commonly used today, it can be said that elliptical rotation fl ap is 
a method that can be used in routine practice due to a lower complication rate. However, SF increases epithelization and plays a regulatory role on 
angiogenesis. Therefore, it is concluded that the use of SF as a source of HA in combination with elliptical rotation fl ap in wounds with material tissue 
loss will contribute to clinical practice.
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Doğal Bir Hyaluronik Asit Kaynağı Olarak Sinovyal Sıvının Limberg 
Flep ve Eliptik Rotasyon Flep İyileşmesi Üzerine Etkisi: Farelerde Tam 

Katmanlı Eksizyonel Dermal Yaralarda Karşılaştırmalı Bir Çalışma

Öz
Bu çalışmada, doğal bir hyaluronik asit (HA) kaynağı olarak sinovyal sıvının (SS) Limberg ve Eliptik rotasyon fl ep iyileşmesi üzerine etkinliğinin 
araştırılması amaçlandı. Yirmi dört adet erkek Mus musculus cinsi fare üzerinde yapılan bu çalışmada hayvanlar 2 ana gruba ayrıldı. Grup 1 (n=12): 
Limberg fl ep grubu; Grup 2 (n=12) Eliptik rotasyon fl ep grubu. Grup 1 ve Grup 2’deki hayvanların 6’sı Flep (Kontrol) Grubu, 6’sı ise Flep + SS Grubu olarak 
ayrıldı. Her bir gruptaki hayvanların SS alt gruplarında fl ep cerrahi prosedürüne ek olarak operasyon bölgesine 1 mL SS enjekte edildi. Epitelizasyon, 
anjiyogenezis, nötrofil lökosit infiltrasyonu ve fibroblast aktivitesi yönünden gruplar karşılaştırılarak SS’nın fl ep viabilitesi ve yara iyileşmesine olan 
etkisi değerlendirildi. SS uygulanan gruplarda hayvanların tamamında, diğer gruplara göre epitelizasyonun tamamlandığı ve istatistiksel olarak 
anlamlı farklılık olduğu görüldü (P<0.05). Ayrıca, SS verilen gruplarda nekroz ve apseye rastlanmadı. Nötrofil-lökosit infiltrasyonu ve fibroblast 
aktivitesi parametrelerindeki ikili karşılaştırılmalarda ise istatistiksel fark saptanmadı. Limberg fl ep tekniği günümüzde daha çok uygulanıyor olsa 
da eliptik rotasyon fl ebinde komplikasyonun daha az olması nedeniyle rutinde uygulanabilecek bir yöntem olduğu söylenebilir. Bununla birlikte SS, 
epitelizasyonu arttırmakta ve angiogenezis üzerinde düzenleyici rol üstlenmektedir. Bu sebeplerle, bir HA kaynağı olarak SS’nın, maddi doku kayıplı 
yaralarda eliptik rotasyon fl ebi ile birlikte kullanımının klinik pratiğe katkı sağlayacağı belirlenmiştir.

Anahtar sözcükler: Eliptik rotasyon fl ebi, Hyaluronik asit, Limberg flep, Sinovyal sıvı, Deneysel çalışma, Yara iyileşmesi
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IntroductIon

Wound is defined as the disruption of the anatomical and 
functional continuity of living tissue. Wound healing occurs 
as a result of a series of events consisting of hemostasis 
and inflammation, proliferation (proliferation of cells) and 
restructuring and maturation phases in order to restore the 
integrity and functional capacity of the tissue. Prolonged 
duration or interruption of any of these phases causes delay 
in wound healing or the wound to become chronic [1,2]. 
In addition to biochemical markers such as nitric oxide 
(NO), histamine and polypeptide growth factors, nutrition, 
diabetes, chemotherapy, radiotherapy, genetic and 
immunological disorders and infection are among the 
factors affecting wound healing [3]. 

In traumatic situations with severe tissue loss, flap surgery 
is a method frequently used to repair defects. For this 
purpose, many local flap techniques such as elliptical 
rotation, Limberg, V-Y advancement flaps and Z-plasty are 
used. Despite advances in surgical techniques, ischemia 
and necrosis of flaps remain a critical problem. Further-
more, excessive fibrosis and generalized adhesions are 
also an important problem in tissue healing [4,5]. 

Hyaluronic acid (HA), a glycosaminoglycan first discovered 
by Meyer and Palmer in 1934, is known to be involved in 
the regulation of TGF β-1 (carrier growth factor) and wound 
healing by providing fibroblast and myofibroblastic 
proliferation [4-6]. It is commonly used as a viscoelastic 
material, especially in eye, nerve and muscle surgery, to 
contribute to the primary healing of injured tissues by 
preventing adhesion [7-10].

The purpose of this study was to compare the effects of 
Limberg and Elliptical rotation flap techniques on tissue 
viability and to investigate the efficacy of SF as a source of 
HA in preventing excessive fibrosis, which is an important 
problem in tissue healing.

MaterIal and Methods

Ethical Approval

The study was conducted with the approval of the Ethics 
Committee of Kafkas University Animal Experiments Local 
Ethics Committee with the research code (Approval no: 
KAU -HADYEK/2020-157). 

Animals

A total of 24 male Mus musculus mice, 8-12 weeks old 
and weighing 40-45 g, were included in the study. Mice 
were housed in separate cages under standard laboratory 
conditions (12 h dark/12 h daylight, 45%-55% humidity, 
and room temperature 20-22°C). Animals were fed ad 
libitum with a standard feed and water.

Study Groups

Animals were divided into two main groups (n=12). 

Group 1: Limberg Flap Group

Group 1-A (n = 6): Limberg Flap (Control) Group

Group 1-B (n = 6): Limberg Flap + Synovial Fluid Group

Group 2: Elliptical Rotation Flap Group

Group 2-A (n = 6): Elliptical Rotation Flap (Control) Group

Group 2-B (n = 6): Elliptical Rotation Flap + Synovial Fluid 
Group

In addition to the flap technique used in SF subgroups  
in Group 1 and Group 2, 1 mL volume of SF was 
administered to the wound area (subcutaneous and 
intradermal). Synovial fluid was collected from both tarsal 
joints of a healthy bovine after the asepsis of the area, by 
arthrocentesis and used after centrifugation using a 
Rotina 380 R device for 10 min at 3500 rpm. The cow whose 
synovial fluid was taken was a healthy animal raised at the 
university, and the synovial fluid taken was used without 
waiting.

Anesthesia

The study was conducted under general anesthesia induced 
by intraperitoneal injection of 10 mg/kg xlazine HCl (Rompun, 
2%, Bayer®) and 100 mg/kg ketamine HCl (Ketas, 50 mg/
mL, Pfizer®) mixture.

Surgery

After shaving and disinfection of the dorsal area (povidone 
iodine + 70% ethanol, ISOLABÒ) in each of the animals 
included in the experiment, a skin excision with a diameter 
of 2.5x3.0 cm containing all layers which can not be closed 
without flap was made, and tissue loss wound was created 
(Fig. 1-a, Fig. 2-a).

The excisional wound created in Group 1-A was closed 
using the Limberg flap technique (Fig. 1) and in Group 
2-A using the Elliptical Rotation Flap technique (Fig. 2); no 
other procedure was performed. These subgroups were 
evaluated as the control group of each flap technique. In 
the animals in Group 1-B and Group 2-B, SF (1 mL) was 
administered subcutaneously and intradermally to the 
wound area, following the closure of the wound with 
suture in accordance with the flap technique in their 
groups (Fig. 3-a,b).

Wound closure in all groups 4/0 polyglactin 910 (VicrylÒ, 
ETHICONÒ) was performed with a simple separate suture 
technique using absorbable suture material.

Postoperative Care

All mice were housed individually in standard cages under 
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standard laboratory conditions, and feed and water were 
provided to the mice regularly for 7 days.

Macroscopic Examination

On the 7th day of the study, a high dose of pentobarbital 
sodium was administered by IP route followed by 
euthanasia. Following euthanasia, the wound site was 
evaluated and photographed macroscopically. The skin and 
subcutaneous tissues were excised in full layers, including 
the entire fl ap, and submitted to the pathology laboratory 
for evaluation in 10% formaldehyde solution. 

Histopathological Examination

After performing routine tissue follow-up procedures, 4-5 
micron thick sections were collected from the prepared 
paraffin blocks on the microtome device, and Hematoxylin 
& Eosin (H&E) and Masson’s Trichrome staining (Facepath 
Commercial Kit) were performed to evaluate histo-
pathological changes. Sections were examined under  

a light microscope (Olympus Bx53) and photographed by 
the Cell ^P Program (OlympusSoftImaging Solutions 
GmbH, 3,4). 

The sections with H&E and Masson’s Trichrome staining 
were examined and evaluated for epithelization, angio-
genesis, neutrophil leukocyte infiltration and fibroblast 
activity. In the examinations, the suture line in the fl ap 
shifted for epithelization was examined; the cases in 
which epithelization started in the epidermis layer but 
there was little progress were scored as 1 (+), the cases 
in which epithelization started but did not close the 
epidermis scar line were scored as 2 (++), and the cases 
in which epithelization was completed were scored as 3 
(+++). For neutrophil leukocyte infiltration and fibroblast 
activation, all fl ap areas in the sections were evaluated and 
scored as mild (1), moderate (2) and severe (3) based on 
their severity. For angiogenesis, neocapillary vessels in the 
regions where angiogenesis was most intense (HighScore 
method) were counted at 200x magnification.

Fig 1. View of Limberg Flap Technique 
(Group 1-A) application; a) Full-thickness 
excisional wound, b) Limberg fl ap incision, 
c-d) Closure of the incision

Fig 2. Elliptical Rotation Flap Technique 
(Group 2-A) application; a) Full-thickness 
excisional wound, b) Elliptical rotation fl ap 
incision, c-d) Closure of the incision

Fig 3. Synovial fl uid injection to the wound 
area. a) Limberg Flap Technique (Group 
1-B), b) Elliptical Rotation Flap Technique 
(Group 2-B)
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Statistical Analysis

The normal distribution of the intragroup data was 
determined by the Shapiro-Wilk test. Mann-Whitney U 
test was used for comparison of the groups. P<0.05 was 
considered statistically significant.

results

Clinical Observations

During the study, all the animals continued their normal 
lives, and there were no adverse conditions related to 
the animals or the wound area. It was macroscopically 
observed that wound healing occurred in all groups on the 
postoperative day 7 (Fig. 4).

Macroscopic Results

In all groups, when the skin and subcutaneous tissues were 
excised in full layers, including the entire fl ap, no macro-
scopic evidence of infection or necrosis was observed.

Histopathological Results

Group 1-A (Limberg Flap Control Group): Two animals had 
necrosis and abscess. While epithelization was well formed 
but not completed in most animals, epithelization was 
completed in one animal. It was seen that angiogenesis 
was well formed, and the average of neocapillary vessels 
counted at 200x magnification was 44.33. It was found 
that the fibroblast activity was severe in half of the group, 
and moderate in the other half. It was shown that the 
fibroblast activity was also moderate in the animal with 
abscess (Fig. 5-a,e).

Group 1-B (Limberg Flap + Synovial Fluid Group): No signs 
of necrosis or infection were found. It was found that 
epithelization was completed in all animals. On the other 
hand, it was observed that angiogenesis was less than that 
of the Limberg group and the group mean was 31.33. In 
all animals except one animal, it was noted that fibroblast 
activity was severe, but in one animal the fibroblast activity 
was moderate (Fig. 5-b,f). 

Group 2-A (Elliptical Rotation Flap Control Group): One 
animal had bleeding, necrosis and infection. It was observed 
that epithelization was good, including the animal 
with necrosis and infection, but epithelization was not 
completed except only in one animal. The group average 
of neocapillary vessel formation was 35.66. Fibroblast 
activity was moderate, but mild in an animal with necrosis 
(Fig. 5-c,h).

Group 2-B (Elliptical Rotation Flap + Synovial Fluid Group): 
No signs of necrosis or infection were found. It was found 
that epithelization was completed in all animals. The group 
average of neocapillary vessel formation was 36.00. In all 
animals except one, it was observed that the fibroblast 
activity was severe, and this parameter was moderate in 
one animal (Fig. 5-d,g).

There was no diff erence in neutrophil leukocyte infiltrates 
between the groups.

In the statistical comparison, there was a significant 
diff erence in epithelization formation between Group 1-A 
and Group 1-B and Group 2-A and Group 2-B (P<0.05). There 
was also a statistical diff erence in terms of angiogenesis 
in the comparison of Group 1-A and Group 2-A (P<0.05). 
On the other hand, there was no significant diff erence 
in angiogenesis between Group 2-A and Group 2-B, and 
there was no statistical diff erence in paired comparisons 
of neutrophil-leukocyte infiltration and fibroblast activity 
parameters (P>0.05). In addition, there was no statistical 
diff erence in all parameters between Group 1-A and Group 
2-A and Group 1-B and Group 2-B (P>0.05) (Table 1).

dIscussIon

As a natural source of HA, SF contains enzymes such 
as matrix metallopeptidase-1 (MMP-1), elastase and plasmin, 
as well as hyaluronan and DN-acetyl glucosamine, which are 
involved in tissue remodeling in varying concentrations [11].
As is known, HA and viscoelastic materials are antiadhesive 
agents due to their viscoelastic properties rather than their 
anti-infl ammatory eff ects [7,8]. In our study, we aimed to 

Fig 4. Postoperative 7th day view of all groups; a) Group 1-A, b) Group 1-B, c) Group 2-A, d) Group 2-B



Research Article

359

ÇANTAY, AYDIN, ANUK
KARAKURT, YILDIZ, NUHOĞLU

investigate the effect of SF on tissue viability, which 
is one of the most common problems in flap surgery 
and affects healing, and its effectiveness in preventing 
excessive fibrosis.

Flap techniques are frequently used in surgery, especially 
in sacrococcygeal pilonidal sinus disease. Various flap 
techniques have been described in the treatment of 
pilonidal sinus disease. These include Z-plasty, W-plasty, 
VY advancement flap, Limberg Flap, gluteus maximus 
myocutaneous fl ap, and fasciocutaneous rotation fl ap [12]. 
Limberg fl ap technique is a method preferred more than 
other fl ap techniques due to its satisfactory results [13-15]. 
The most common complications in flap methods are 
tissue ischemia, dehiscence, and infection [16]. Furthermore, 
there are studies showing that maceration, dehiscence 
and infection are less common in the elliptical rotation fl ap 
technique compared to Limberg fl ap method due to the 
absence of acute angled end points (corner points) [17–19]. 
In this study, Limberg and Elliptical rotation fl ap methods 
were compared on mice with tissue loss, and it was 
observed that two mice developed necrosis and abscess 
in the Limberg group, and one animal developed necrosis 

and infection in the elliptical rotation group. Although 
elliptical rotation fl ap is used less frequently, it can be said 
that it has a lower rate of complications and can be applied 
routinely.

It is known that HA, which is a glycosaminoglycan and has 
regulatory roles in the immune system, mitosis, migration 
and infl ammation, is generally derived from umbilical cord, 
cockscomb, skin, joint fl uid and spinal cord, bacteria and 
marine animals [9,20]. It has been proven that HA can be used 
as a potential material to prevent bacterial contamination 
in dressings for wounds [21]. It is known that HA acts as an 
antioxidant by retaining free radicals and has a protective 
eff ect by removing tissue-destroying enzymes from the 
environment in infl ammation [22,23]. The viscous structure 
of HA helps delay the viral and bacterial passage in the 
pericellular region rich in hyaluronic acid [24-26]. In our study, 
SF obtained from bovine joints was used as the source 
of HA. No mice developed necrosis and abscess in mice 
administered intradermal and subcutaneous SF in Group 
1-B and Group 2-B, and a total of three mice developed 
necrosis and abscess in Group 1-A and Group 2-A without 
SF injection. These results suggest that SF creates a barrier 

Table 1. Statistical comparison of the groups in terms of epithelization, angiogenesis, neutrophil-leukocyte infiltration and fibroblast activity

Groups
Epithelization*

(X±SE)
Angiogenesis

(X±SE)
Neutrophil Leukocyte 

Infi ltration (X±SE)
Fibroblast Activity

(X±SE)

Group 1-A
(Limberg Flap) 2.17±0.167 a 44.33±2.963 a 2.17±0.307 a 2.50±0.224 a

Group 1-B
(Limberg Flap + SF) 3.00 b 31.33±2.789 b 2.17±0.307 a 2.83±0.167 a

Group 2-A
(Elliptical Rotation Flap) 2.17±0.167 1 35.67±6.119 1 2.50±0.224 1 2.17±0.307 1

Group 2-B
(Elliptical Rotation Flap + SF) 3.00 2 36.00±4.163 1 2.33±0.211 1 2.83±0.167 1

* Due to the lack of variation in the data in the Limberg and Elliptical Rotation Flap + SF groups, only value was given; a,b and 1,2; There is a statistical 
difference between the groups with different letters and numbers in the same column (P<0.05). SF: Synovial fluid

Fig 5. Microscopic images. a) Limberg group, H&E, Bar = 200 μm, b) Limberg + SF group, H&E, Bar = 200 μm, c) Elliptical Group, H&E, 
Bar = 200 μm, d) Elliptical + SF group, H&E, Bar = 200 μm, e) Limberg group, MassonTrichrom, Bar = 200 μm, f) Limberg + SF group, 
MassonTrichrom, Bar = 200 μm, g) Elliptical + SF group, MassonTrichrom, Bar = 200 μm, h) Elliptical group, MassonTrichrom, Bar = 200 μm 
(Arrows: areas of epithelization, stars: fi broblast activity)



360

The Effect of Synovial Fluid as a Natural Source of ... Research Article

in the wound area due to its viscous structure, preventing 
the infection and thus the development of necrosis and 
abscess.

The role of HA in the wound healing process is funda-
mental to the wound healing process in many of the 
HA-mediated biological processes. Wound healing after 
injury consists of tightly regulated successive processes. 
These are inflammation, granulation tissue formation, 
reepithelization and remodeling. HA has a versatile role in 
these cellular and matrix related events. It is known that 
HA makes wound matrix more permeable for fibroblast 
migration and accelerates wound healing [4,22,23]. When 
evaluated in terms of epithelization, in our study, it was 
observed that epithelization was completed in all mice in 
the groups that received SF compared to the groups that 
did not receive SF. 

Hyaluronic acid has a role in the control of angiogenesis. 
High molecular weight HA in the extracellular matrix has 
been shown to inhibit angiogenesis. In contrast, various 
experimental models have shown that low molecular 
weight HA oligosaccharides stimulate angiogenesis and 
increase collagen production by endothelial cells [22,23]. HA 
also reduces platelet adhesion and thrombosis. However, 
sulfated HA derivatives exhibit heparin-like properties, 
preventing blood coagulation [27]. In terms of angiogenesis, 
there was a statistically significant difference only between 
Group 1-A and Group 1-B in the comparison of the groups. 
Angiogenesis was lower in the Limberg group administered 
SF compared to the group without SF. The probable reason 
for this may be explained by both the stimulating and the 
inhibitory effect of SF during the angiogenesis process. 

It is known that HA makes the wound matrix more 
permeable in terms of fibroblast migration and accelerates 
wound healing [4,23]. In our study, histopathologically, there 
was no statistically significant difference in fibroblastic 
activity between the groups, and it was observed that SF 
did not increase the fibroblastic activity.

In the healing process which begins immediately after 
wound formation, neutrophils and macrophages migrate 
from the circulation to the wound area due to the effect 
of mediators secreted in the first stage of inflammation, 
and wound healing occurs as a result of collagen synthesis 
and contraction with the contribution of other cells [28]. In 
a study conducted on mice, HA was found to be effective 
in the restoration of wound matrix and rapid migration of 
leukocytes [29]. In our study, it was observed that SF did not 
affect neutrophil leukocyte infiltration. 

In conclusion, although the Limberg flap technique is 
commonly used as a flap method today, it can be said 
that elliptical rotation flapis a method that can be used 
in routine practice due to a lower complication rate. 
However, SF, a source of HA, which has a role in almost 
every stage of wound healing, increases epithelization and 

plays a regulatory role in angiogenesis. For these reasons, 
it is concluded that the use of SF as a source of HA in 
combination with the elliptical rotation flap technique  
in wounds with material tissue loss will contribute to 
clinical practice.

study lIMItatIons

Since the number of subjects in the study is limited, it is 
necessary to be careful in generalizing the results to the 
population.
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