{"%v“) RESEARCH ARTICLE Acta Medica Alanya
2025:9(1): 19-28
ﬁl-x,ﬁ-l ARASTIRMA MAKALESI
DOI: 10.30565/medalanya. 1557602

Acta Medica Alanya

Evaluation Of The Effect Of Autologous Dermis
Graft On Rat Achilles Tendon Healing

Otolog Dermis Greftinin Rat Asil Tendonu lyilesmesi Uzerindeki Etkisinin Degerlediriimesi

Muhammet Dogan'™*, Mehmet Mesut Inan2®, Ikram Esen3”, Mehmet Bayram*", Serkan Erbatur®

1. Plastic, Reconstructive and Aesthetic Surgery, Alanya Training and Research Hospital, Antalya, Tiirkiye

2. Plastic, Reconstructive and Aesthetic Surgery, Sanlurfa Training and Research Hospital, Sanlurfa, Tiirkiye
3.Plastic, Reconstructive and Aesthetic Surgery, Goztepe Sileyman Yalgin City Hospital, Istanbul, Tiirkiye

4.Plastic, Reconstructive and Aesthetic Surgery, Mehmet Akif " Tnan Training and Research Hospital, Sanlurfa, Tiirkiye
5. Plastic, Reconstructive and Aesthetic Surgery, Dicle University Faculty of Medicine Hospital, Diyarbakir, Tiirkiye

ABSTRACT

Aim: The Achilles tendon is one of the most frequently injured tendons. It is more
common in young and middle-aged individuals who are particularly active in sports.
Re-surgery or permanent disabilities may occur as a result of tendon rupture after
tendon repair. Various methods to enhance Achilles tendon healing have been
described in the literature. However, there is limited data on the use of dermis grafts
for tendon augmentation. Dermis grafts; Since they are core tissue, they have less
foreign body reaction, can be obtained in a short time, and can be an alternative due
to less donor area morbidity. The aim of our study is to reduce the risk of re-rupture
by strengthening tendon healing in Achilles tendon injuries and to determine the
effectiveness of autologous dermis grafts on healing for strong healing.

Methods: In our study, 20 male rats were randomly divided into two groups as Control
and Experimental groups. All rats underwent tendon repair after an atraumatic, full-
thickness, straight incision was applied to the right Achilles tendon. After tendon repair
in the rats in the experimental group; dermis grafts taken from the back were wrapped
around the tendon repair area and sutured. The other rats constituted the control
group. Rats were sacrificed at week 4 and their Achilles tendons were removed and
examined histopathologically, immunohistochemically and biomechanically.
Results: Tendons were intact and no rupture was observed in all samples. Positive
results were observed in favor of the experimental group in type | collagen and type I/
type lll collagen density and biomechanical examinations in rats repaired with dermis
grafts.

Conclusion: As a result of our study; it was shown that dermis grafts can positively
contribute to tendon healing. Tendon repair with dermis grafts can be a good
alternative to other methods for tendon augmentation or strengthening.
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Amag: Asil tendon sik yaralanan tendonlardan, o6zellikle aktif spor ugrasi olan
geng-orta yasta bireylerde daha sik gortlmektedir. Tendon tamiri sonrasi tendonun
tekrar kopmasi sonucunda tekrar ameliyat veya kalici sakatliklar gelisebilmektedir.
Literatiirde asil tendon iyilesmesini artrici gesitli yontemler tarif edilmistir. Ancak,
dermis greftin tendon augmentasyonu amaciyla kullanimina dair kisitl veri
mevcuttur. Dermis greftleri; 6z doku oldugundan yabanci cisim reaksiyonu az,
kisa zamanda alinabilen ve daha az dondr alan morbiditesi nedeniyle alternatif
olabilecek niteliktedir. Calismamizdaki amag, asil tendon yaralanmalarinda tendon
iyilestirmesini guiglendirirerek tekrar kopma riskini azaltmak ve giclii iyilesme igin
otolog dermis greftinin iyilesme Gzerinde etkinligini belirlemektir.

Ydntem: Calismamizda 20 erkek rat Kontrol ve Deney grubu olarak rastgele iki gruba
ayrildi. Tiim ratlarin sag asil tendonuna atravmatik, tam kat, diiz kesi uygulandiktan
tendon onarimi yapildi. Deney grubundaki ratlara tendon onarimi sonrasinda;
sirttan alinan dermis grefti tendon onarim bélgesine sarilarak siitiire edildi. Diger
ratlar kontrol grubunu olusturdu. Ratlar 4. haftada sakrifiye edilerek asil tendonlari
cikartilarak histopatolojik, immiinohistokimyasal ve biyomekanik olarak incelendi.
Bulgular: Bitin numunelerde tendon intakt ve riiptir gézlenmedi. Dermis grefti
ile onarim yapilan ratlarda tip | kollajen ve tip I/tip Il kollajen yogunlugunda ve
biyomekanik incelemelerde deney grubu lehine olumlu sonuglar izlendi.

Sonug: Calismamiz sonucunda; dermis greftinin tendon iyilesmesine olumlu katki
saglayabilecegini gosterdi. Dermis grefti ile tendon onarimi; tendon augmentasyonu
veya gliglendirmesi igin diger yontemlere gére iyi bir alternatif olabilir.

Anahtar Kelimeler: Asil tendon, Tendon iyilesmesi, Dermis grefti
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Introduction

endon injuries are an important reason for
Temergency room visits in daily life. Achilles
tendon is one of the most frequently injured
tendons, and most commonly occurs in the form
of injuries with sharp objects, firearms, crushing,
and closed injuries. It is especially seen in young-
middle-aged men, and its annual incidence in the
society is reported as 7-40/100,000 [1].

Degeneration and inadequate perfusion in the
Achilles tendon over time pose a risk for rupture.
Although conservative and surgical options are
available in treatment options, surgical repair of
the tendon has become more popular in recent
years [2]. While the immobilization period is found
to be shorter in patients who undergo surgery
compared to conservative treatment, the risks of
re-rupture are found to be lower in open technique
tendon repair. Especially in athletes, the return to
work times in Achilles ruptures seriously affect the
athlete's career.

Complications such as re-rupture are frequently
encountered in patient follow-ups after tendon
repair is performed surgically. This situation
may cause negative situations such as partial or
complete disability of limb function in patients, in
addition to repeated surgeries.

Various methods have been tried in the literature
to strengthen the Achilles tendon, which has a
problematic healing due to insufficient perfusion.
Various biological materials such as pantaris
tendon graft, fascial flaps, synthetic grafts and
acellular dermal matrix have been used for tendon
strengthening [2-4]. In addition, various injections
such as stem cells, PRP, autologous serum,
growth factors, hydrogels have been made to the
repair area to strengthen tendon healing [3,4].
Some studies have shown that the re-rupture rate
of repair with skin-equivalent biological material
is lower [5]. In this field, where many different
materials are investigated, a complete solution for
reinforced tendon repair has not been produced.

In our study, in order to prevent these complications
that we frequently encounter after tendon repair;
We planned to use the dermis graft, which is a
subunit of the skin tissue that is currently used
in many operations such as dorsum in rhinoplasty

[6] and philtral column augmentation in cleft lip
surgery and scar revision. When the skin and
tendon are examined histologically, they have
common cellular content in terms of type 1 collagen
and fibroblasts. Therefore, the dermal layer of the
skin can be used to strengthen the repair after
tendon repair. Although there are experimental
studies on dermis grafts in rats in the literature
[7], no study on dermis grafts on tendon healing
was found. In our study, it was aimed to use
dermis grafts for tendon strengthening following
the repair after atraumatic full-thickness Achilles
tendon transection.

Materials and Methods

Our study was conducted with the approval of the
Local Animal Experiments Ethics Committee using
20 male Sprague Dawley rats aged 2-3 months
and weighing between 300-350 g. The rats were
randomly divided into 2 groups, each consisting
of 10 rats in the control and experimental groups.
The right Achilles tendons of all rats were cut in
full thickness approximately 0.5 cm proximal to
the calcaneus attachment and repaired with the
modified Kessler method in the same session.
Dermis grafts taken from the backs of 10 rats were
placedinthetendonrepairareainthe same session
and this group constituted the experimental group,
while the other 10 rats remained as the control
group. All rats were sacrificed at the end of the 28th
day and Achilles tendon samples were taken. All
surgical procedures were performed under aseptic
conditions and general anesthesia with 50 mg/
kg ketamine hydrochloride and 5 mg/kg xylazine
hydrochloride administered intramuscularly. After
anesthesia was provided, the right hind legs
of all rats were shaved, in addition to the back
region of the rats in the experimental group.
The surgical areas were painted with povidone-
iodine solution. The skin was passed through
the Achilles tendon with a 2 cm incision using
the classic posteromedial longitudinal approach.
The incision was made sharply up to the tendon
sheath. The Achilles tendon and plantaris
tendon were explored. The Achilles tendon was
thoroughly stripped from the nearby soft tissues
with the help of a clamp. The Achilles tendons of
all rats were cut in full thickness with a scalpel
blade number 11 approximately 5 mm proximal
to the attachment point to the calcaneus (Figure
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1). The cut tendon ends were repaired end-to-
end with the modified Kessler method using 4/0
Propylene suture (Figure 2).

Figure 2. End-to-end repair using the modified Kessler method

The skin sutures of the rats in the control group
were closed with 3/0 silk sutures without any
additional surgical procedures. In the experimental
group, a 1x2 cm elliptical skin island was marked
on the back with a surgical pen after tendon
repairs. The epidermis in the uppermost layer
was de-epithelialized using a scalpel No. 10 on
the marked skin island. Then, the incisions were
completed and the dermis graft was taken (Figure
3). After the graft was taken, it was placed in a
container containing physiological serum so that
it would not retract and shrink. Then, the donor
area where the graft was taken was closed by
primary suturing without tension with 3/0 sharp
silk suture. The dermis graft taken was placed
so that it would completely surround the tendon
repair area (Figure 4). Then, the ends of the
dermis graft that surrounded the tendon and

became a tube were sewn end-to-end with 6/0
Tekmon sutures. Skin sutures were placed. All
surgical areas were dressed with povidone-iodine
solution. Immobilization was not applied to all rats.
Tramadol at a dose of 5 mg/kg was administered
intraperitoneally for postoperative pain control.

Figure 4. Tendon reconstruction with dermis graft

No loss of rats was observed in any group
during the follow-up period. At the end of the
28th day, all rats were sacrificed with high-dose
anesthesia. Achilles tendon samples of every 10
rats in the control and experimental groups were
randomly divided into two groups of 5. 5 from
each group were separated for histopathological
and immunohistochemical examinations, and 5
were separated for biomechanical examinations.
Samples taken for histopathological and
immunohistochemical examinations were taken
from the muscle-tendon junction proximally, and
from the calcaneus attachment point distally
below the repair site (Figure 5). For biomechanical
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examinations, the muscle tissue above the muscle- were stained with Hematoxylin-Eosin (HE), Alcian
tendon junction was included proximally, and the Blue (AB), Masson Trichrome (MT) dyes and
entire foot was included distally (Figure 6). examined with Bonar and Movin semiquantitative

scores [8, 9] (Figure 7, Figure 8).

Control Group

%

Figure 5. Histopathological sample

Figure 6. Biomechanical examination sample

The samples taken for histopathological and
immunohistochemical examination were placed
in containers containing formaldehyde and
delivered to the Pathology and Biophysics
Department Laboratories for examination. After
routine histological follow-up procedures, 4 um bop ATt
thick sections were taken from the obtained AECABairie
paraffin blocks with a microtome (Minux S700A
Rotary Microtome) for histochemical and
immunohistochemical methods. Movin scoring
is based on 8 histological parameters and
scores each parameter between 0-3 and then
a total score is obtained [8]. A high score here
indicates histopathological abnormality. On the
other hand, in the Bonar design; Stage 0-3 is
scored in 4 histological parameters and a total
score is obtained [9]. Here, high scores indicate
histopathological abnormality. Then, the samples

Figure 7. Histological sections
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Figure 8. Collagen densities in histological sections after collagen staining.

At the end of routine immunohistochemical
procedures, the preparations were examined with
a light microscope. Type | and Type Ill collagen
immunoreactivity density in tendon sections was
evaluated using the Image J program. The Achilles
tendons isolated for biomechanical measurement
were performed with the Tension Test Device
(iIfa Elektronik San. Tic. Ltd. Sti) located in the
Biophysics Department Laboratory, which has a
tension speed of 0-250 mm/min and a load cell
capable of measuring up to a maximum of 1000 N.
Before starting the biomechanical test, the initial
lengths of the tendons were measured (L~8-9

mm). Width (D; mm), thickness (T; mm) and initial
lengths (L; mm) were measured with a digital
caliper. Then, aluminum powder was sprinkled on
both ends of the tendon in order to ensure that
the tendon adheres more tightly to the clamps
and to prevent it from stretching. The tendons
were placed in the Tension Test device with the
gastrocnemius muscle tip on the lower clamps
and the calcaneus tip (attached to the clamps with
the foot and bones) on the upper clamps. Then,
based on the literature, the distance between the
clamps was set to be equal and 173 mm, and the
tension speed was set to be 25 mm/min [10]. At
the end of the tensile test, the Load-Deformation
data recorded on the device were transferred to
the LoggerPro software (V 3.8.3, Vernier Software
& Technology, Orlando, FL, USA) and evaluated.
At the end of the test, the load-deformation curve
was drawn and the maximum force (FU; N),
maximum deformation (dU; mm), energy stored
until rupture (U; mj) and hardness (S; N/mm)
parameters were obtained directly. In addition, the
maximum breaking strength (cU; MPa), maximum
strain (¢U; mm/mm), maximum stress (maximum
tensile strength, oU; MPa), elasticity modulus (E;
MPa) and durability (u; MPa) parameters were
calculated by obtaining the Stress-Strain curve
[11].

Results

No rats were lost in the 28th day of follow-up after
tendon repair performed on rats. The analyses of
the study were performed using the SPSS 25.0
package program. Continuous numerical variables
were summarized with mean + standard deviation,
median (minimum - maximum) values. The
conformity of continuous numerical variables to
normal distribution was checked with the Shapiro
Wilk test. It was determined that the numerical data
between the groups were not normally distributed.
The Mann Whitney U test was used to compare
continuous numerical variables between the
groups. A p value of less than 0.05 was accepted
as the statistical significance limit.

The comparison of biomechanical measurement
values and results of the groups is shown in Table
1. When the biomechanical measurement values
were compared according to the groups; it was
found that the stored energy, hardness, breaking
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force, maximum deformation, Young's modulus,
durability, maximum stress and maximum strain
values were statistically significantly higher in
the Experimental group than in the Control group
(p<0.05).

Comparison of Bonar scoring results of the groups
is shown in Table 2. When Bonar scoring results
were compared according to the groups; collagen,
vascularity and Bonar score were found to be
statistically significantly lower in the experimental
group than in the control group (p<0.05), while
there was no statistically significant difference
between the groups in terms of tenocyte and
ground substance values (p>0.05).

Table 1. Comparison of biomechanical results between groups

The comparison of Movin scoring results of the
groups is shown in Table 3. When Movin scoring
results were compared according to the groups;
fibril structure, fibril level, nucleus roundness,
increased vascularity, GAG content and Movin
score were found to be statistically significantly
lower in the experimental group compared to
the control group (p<0.05), while there was no
statistically significant difference between the
groups in terms of cellular change, decrease
in collagen staining and hyalinization values
(p>0.05).

Comparison of collagen densities between groups
is shown in Table 4. When collagen densities were

Parameter Control (n = 5) Experiment (n = 5) p*
Ortx SS Med (Min-Maks) Ortx SS Med (Min-Maks)
Stored energy (mj) 75,53+12,77 69,02(64,88-90,98) 132,5+38,39 116,1(104,6-198,5) 0,008
Hardness (N/mm) 19,61+4,34 20,51(14,52-25,38) 30,87+4,95 30,64(25,74-38,6) 0,008
Break force (N) 41,89+9,61 37,74(33,1-52,75) 60,82+7,72 65,17(49,65-67,24) 0,032
Max. deformation 4,11:0,78 3,7(3,4-5,19) 6,41+2,03 5,59(4,79-9,89) 0,016
(mm)
Young modulus (MPa) 1,92+0,57 1,72(1,37-2,58) 3,27+0,67 3,32(2,59-4,24) 0,008
Toughness (MPa) 8,5+1,05 8,85(6,79-9,33) 13,39+1,98 13,24(11,2-16,53) 0,008
Max. stress (MPa) 4,95+1,01 5,32(3,8-5,88) 7,8520,42 7,98(7,29-8,33) 0,008
Max. strain (mm/mm) 3,98+1,1 3,67(3,11-5,78) 7,36:1,19 7,89(5,43-8,33) 0,016
*Mann-Whitney U test, p<0.05 statistically significant
Table 2. Comparison of Bonar scoring results between groups
Parameter Control (n = 5) Experiment (n = 5) P
Ort+ SS Med (Min-Maks) Ort+ SS Med (Min-Maks)
Tenocyte 2,2+0,84 2(1-3) 0,8+0,84 1(0-2) 0,056
Ground material 1,8+0,84 2(1-3) 0,8+0,45 1(0-1) 0,095
Collagen 2,620,55 3(2-3) 1+0 1(1-1) 0,008
Vascularity 2,8+0,45 3(2-3) 1,40,55 1(1-2) 0,016
Bonar score 9,4+0,89 10(8-10) 41 4(3-5) 0,008
*Mann-Whitney U test, p<0.05 statistically significant
Table 3. Comparison of Movin scoring results
Parameter Control (n = 5) Experiment (n = 5) P
Ort+ SS Med (Min-Maks) Ort+ SS Med (Min-Maks)
Fibril structure 2,2+ 0,45 2(2-3) 1+0 1(1-1) 0,008
Fibril arrangement 2,4+0,55 2(2-3) 1+0,71 1(0-2) 0,016
Nucleus roundness 20,71 2(1-3) 10 1(1-1) 0,032
Cellular change 2,2+0,84 2(1-3) 110,71 1(0-2) 0,056
Increased vascularity 2,8+0,45 3(2-3) 1,4 +0,55 1(1-2) 0,016
Decreased collagen 1,8 +0,84 2(1-3) 0,8 + 0,45 1(0-1) 0,095
staining
Hyalinization 1,8 + 0,84 2(1-3) 0,6 + 0,55 1(0-1) 0,056
Movin GAG content 20,71 2(1-3) 0,6 + 0,55 1(0-1) 0,016
Movin score 17,2 +2,39 16 (15 - 21) 7,4+1,82 8(5-9) 0,008
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Parameter Control (n=5) Experiment (n = 5) P
Ort+ SS Med (Min-Maks) Ort+ SS Med (Min-Maks)

TipI 8,5+2,74 7,1(6,1-12,1) 18,9+5,95 19,6(11,6-24,7) 0,016

Tip III 21,7+6,71 23,1(13,6-2876) 15,7+5,25 13,2(10,8-21,5) 0,095

Tip I/ Tip III 0,4+0,05 0,4(0,31-0,45) 1,3+0,7 0,98(0,67-2,29) 0,008

*Mann-Whitney U test, p<0.05 statistically significant

compared according to groups; type | collagen
density and type | collagen/type Il collagen ratio
were found to be statistically significantly higher
in the experimental group than in the control
group (p<0.05), while no statistically significant
difference was found between the groups in terms
of type Ill collagen density (p>0.05).

Discussion

In this study, where the effect of autologous dermis
graft on tendon healing in a rat Achilles tendon
injury model was examined; histopathological,
immunohistochemical and biomechanical
positive results were obtained and the working
hypothesis was confirmed. Since there was no
study examining the effects of autologous dermis
graft on tendon healing in Achilles tendon repair
in detailed literature searches, this study is an
original study.

Tendons are intermediate structures in the
musculoskeletal system that transfer the energy
received from the muscle to the bones. The Achilles
tendon, which is the strongest and thickest tendon
in the body, is the main plantar flexor of the foot.
Achilles tendon, one of the most frequently injured
tendons in the body, has acute and chronic injury
types. Chronic degeneration theory is one of the
basic mechanisms accused in ruptures in Achilles
tendon, where ruptures are observed mostly in
areas with poor vascularization [12].

Tendon healing consists of 3 phases that are not
separated by sharp boundaries; inflammation,
proliferation and remodeling phase. While Type
Il collagen is dominant at the beginning of the
healing process, Type | collagen continues to
dominate collagen in later periods, especially in
the remodeling phase. Type lll collagen, which is
mostly in the healing phase, has a larger cross-
sectional area compared to the healthy tendon
and tends to elongate. Therefore, it cannot fulfill
its functional properties biomechanically [13].

Therefore, tendons tend to rupture again in the
pre-remodeling period and their tensile strength
may remain lower than in the healthy tendon.
Conservative and surgical treatment options are
available among treatment methods. There are
discussions about which treatment to use. Khan et
al. [12] reported in their study that while surgical
treatment had a significantly lower recurrence rate,
conservative treatment had a lower complication
rate. Holm et al. [14] reported that there was no
significant difference in terms of complication
and recurrence rates between the two treatment
types. These studies show that surgical treatment
is the preferred option, but alternative techniques
are needed to further reduce both recurrence and
complication rates.

Augmentation has been used in tendon repair
to strengthen the repair site and reduce the risk
of re-rupture. Although augmentation has been
used in tendon repair types, particularly rotator
cuff repair [15], fewer studies have been reported
on its use, including randomized controlled trials
in Achilles tendon treatment [16]. Different types
of tendon augmentation materials are available,
including autografts, xenografts, and allografts.
While autografts do not carry the risk of cellular
rejection, these grafts potentially increase the
duration of surgery and may also cause morbidity
and pain at the donor site. Although xenografts
have no donor morbidity, the foreign material
can cause hypersensitivity reactions in human
patients, and poor clinical results have led some
researchers to abandon their use for tendon
augmentation [17]. Dermis grafts, a subunit of skin
tissue used in many operations such as dorsum
augmentation in rhinoplasty surgeries [6], philtral
column augmentation in cleft lip surgeries, and
scar revision, have been used successfully. There
are two main problems with the use of dermis
grafts; resorption and cyst formation [18,19].
Thompson reported that he obtained very good
results with dermal grafts in facial reconstruction,
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but a resorption rate of more than 20%. In addition,
he stated that small epidermoid cysts developed
from hair follicles and sebaceous glands, but these
were phagocytosed over time and replaced by
fibrous tissue [20]. Peer and Paddock [21] showed
in their study that epidermal components remained
in dermis grafts, small cavitations formed in the
early period due to these, but these disappeared
over time. They also reported that the epidermis,
hair follicles and sebaceous glands disappeared
within ten weeks; sweat glands persisted but did
not show activity and there was no cyst formation.
In our study, no cyst cases were encountered,
similar to the literature [21].

Philip et al. [22] examined the effect of amniotic-
derived multipotent progenitor cells on tendon
healing in a study conducted on 126 rat Achilles
tendons. The group administered amniotic-derived
multipotent progenitor cells and the control group
of 48 were statistically compared in terms of
maximum load, but no significant difference was
observed between the two groups.

Geng et al. [4] found no significant difference in
maximum force comparisons between the control
and PRP groups on the 15th and 30th days in their
study. It was found that the values on the 15th
day were lower in the control group than on the
30th day. No significant difference was found in
the PRP group between the 15th and 30th days.
Kim et al. [5] compared the biomechanical data
between the saline and hydrogel groups on the
2nd, 4th and 8th weeks in their experimental
study. In light of the data, no significant results
were found in the data other than the maximum
load obtained on the 4th week.

Barber et al. [23] found that the repair strength
and stiffness of Achilles tendons augmented using
GraftJacket matrix (Acellular dermal matrix) were
statistically significant in the experimental group
in their biomechanical study. Preliminary studies
support the idea that these biomaterials have
the ability to provide an alternative for tendon
augmentation. However, there is a lack of available
data that would allow definitive conclusions
regarding the use of biomaterials for tendon
augmentation [15]. The difficult accessibility and
high costs of biomaterials, on which there is no
clear consensus, should be considered regarding

their use in tendon augmentation. When we look at
the biomechanical results of our study, statistically
significant results were obtained in all parameters,
including maximum load, in the light of the data
obtained at the end of the 4th week. These results
suggest that in rats subjected to equal stress
under standardized conditions, the dermis graft
may have a positive effect on the tendon healing
process with statistically significant high maximum
force values in the experimental group.

Devana et al. [24] showed that stem cell injection
improved the biomechanical properties of early
Achilles tendon healing after transection of the
tendon using stem cells, not the histological
properties. The reason why the histological
properties did not change may be that the tendon
injury model was performed with transection.
In our study, we performed our tendon injury
model by incision of the tendon. In our study,
histopathological examination was performed
separately according to semiquantitative Movin
and semiquantitative Bonar scores. In the Movin
score, fibrillar arrangement, fibrillar structure,
nucleus roundness, neovascularization and GAG
content were found to be statistically significantly
lowerin the experimental group. Inthe Bonar score,
collagen and vascularity increase were found to be
statistically significantly lower in the experimental
group. Also, In our study, we investigated the effect
on healing by evaluating type 1 and type 3 collagen
densities with immunohistochemical evaluation
using a computer program. At the beginning of
the healing period, type 3 collagen synthesis is
more intense in the proliferation period. Collagen
densities may vary during the proliferation and
remodeling period. While both type 1 and type
3 collagen synthesis increases at the beginning
of the healing period, type 3 collagen synthesis
is more intense. In the late healing period along
with the healing process, type 1 collagen density
increases in the remodeling phase, type 3 collagen
density decreases, and the type 1/type 3 collagen
density ratio increases [13]. In our study, we
found that type | collagen density and type l/type
Il collagen density ratio were significantly higher
in the experimental group compared to the control
group. In light of the data, it can be said that the
dermis graft transitioned from the proliferation
phase to the remodeling phase earlier at the end
of the 4-week follow-up.
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Limitation

There are some limitations in our study. The
limitations such as the small number of animals,
the follow-up period being limited to only 4 weeks,
and the lack of genetic/molecular evaluations may
create some limitations on the generalizability
of the study. However, due to ethical concerns,
the local ethics committee recommended that the
number of animals should not be too high, and on
the other hand, the difficulties such as the inability
to conduct genetic/molecular studies due to budget
constraints were some of the possible reasons for
the limitations. The limited number of animals may
have affected some results. The study could have
been made stronger by evaluating the tendon
section diameter, adhesion and genetic studies.
The follow-up period of the animals could have
been longer in order to see the long-term effect.
Since it was an experimental study, clinical results
could not be evaluated. Further experimental
studies are needed for clinical use. Future studies
can be designed with greater scope in terms of
sample size and follow-up duration. Furthermore,
genetic and molecular studies can be added to
these comprehensive designs.

Conclusion

The results of this study show that dermis grafts
can contribute positively to tendon healing. Tendon
repair with dermis grafts may be a good alternative
to other methods for tendon augmentation or
strengthening. Because of There is no standardized
protocol yet for tendon augmentation after Achilles
tendon injuries. The biomaterials, drugs and other
methods used for augmentation are not easily
accessible and their high costs limit their use.
Donor site morbidity and surgical extraction can
be considered disadvantages in autologous grafts.
The experience of the surgeon and studies in the
literature are important in terms of the materials
and techniques to be used. According to the data
we obtained in this study, dermis grafts can be
used for tendon augmentation. However, further
experimental studies are needed for clinical use.
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