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Abstract

This study aimed to investigate the role of an exogenous Epidermal growth factor and a
hyaluronic acid-based scaffold on fracture healing in a rat femoral fracture model
Forty-eight male Wistar-Albino rats, each weighing a mean 392 grams (range= 350-450
grams) and aged 8.2 months (6-9 months), were used for this experimental study. All
surgical procedures were performed on the left femur by a single surgeon. An open
femoral fracture was created in all rats. The animals were randomly divided into one of
the four groups: control (12), Epidermal growth factor (12), hyaluronic acid-based (12)
and combined (12). In the fourth and sixth weeks, samples were processed and analyzed
using biomechanical and histological methods. Fracture healing was significantly
improved in the combined group compared to the control one, Epidermal growth factor
and hyaluronic acid-based groups in all parameters at both experimental time points. At
the fourth and sixth weeks after surgery, fracture healing in the Epidermal growth factor
and hyaluronic acid-based groups was significantly increased at histological evaluation
compared to controls. In addition, compared with Epidermal growth factor, hyaluronic
acid-based and control groups, a significant difference in callus tissue was detected in
the combined group at fourth and sixth weeks time points in biomechanical features.This
study has shown that combining local Epidermal growth factor and hyaluronic acid-
based scaffold accelerates bone healing and strengthens the bony callus histologically
and biomechanically. Using Epidermal growth factor/hyaluronic acid-based combined
scaffolds may represent a possible future strategy in trauma surgery.

Keywords: epidermal growth factor, hyaluronic acid, fracture, healing, bone callus.

PARASSATKZ

Fracture healing is a complex and tightly
coordinated process that aims to restore bone to its
original preinjury state [1]. It involves various
anatomical, biomechanical, and biochemical factors and

processes [2]. With the technological advancements in

medicine, the mechanism of fracture healing has been
enlightened in detail especially in the last 2 decades [3].
Through these investigations, some molecules and
factors have also been identified which stimulate callus
formation and accelerate fracture healing.
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Hyaluronic acid (HA) is a linear polysaccharide
with a high molecular weight. It is an unimmunized
glycosaminoglycan that is synthesized in the cell
membrane [4]. HA is found in the extracellular gap of
all tissues [5]. However, in some tissues, especially in
early callus tissue, it is found in greater concentrations
[6].

In recent literature, it is shown that HA stimulates
the migration, proliferation, and differentiation of
progenitor cells and increases the osteoblastic activity,
and is effective in angiogenesis [5-7]. HA also increases
the effects of some cytokines and growth factors in early
osteogenic events. According to Bhakta et al, HA
increases the effect of BMP-2 and increases osteogenesis
in a rat in vivo ectopic bone model [8].

Epidermal growth factor (EGF) is a single
polypeptide chain growth factor which is formed by a
53-amino acid sequence. There are 3 intramolecular
bisulfides bonds that determine EGF activity [9]. Upon
activation of EGF-receptors via EGF-ligands, PI3 kinase
and MAP kinase pathways are activated intracellularly,
thus resulting in cell proliferation and a decrease in

2. Materials and methods

Animals. Forty-eight male Wistar Allbino rats, each
weighing a mean 392 g (350-450 g) and aged 8.2 months
(6-9 months) were selected for this experiment, which
were kept under standard laboratory conditions
(temperature 21-24°C, with relative humidity, 12-hour
light and 12-hour darkness) in special cages under
specified pathogen-free conditions with free access to
water and food (ad libitum) at the laboratory animal
unit. Young adult male rats were chosen to obtain
optimal metabolic activity for fracture healing.

Rats were divided randomly into 4 equal groups of
12 rats; the first group received intralesionary EGF, the
second group received intralesionary HA scaffold, the
third received Combined group, in which EGF is
impregnated on HA scaffold, and forth was the control
group. It is planned at the fourth and sixth weeks to
select 6 rats from each group randomly for
biomechanical and histological analysis. For the
mechanical analysis, 4 contralateral (nonfractured)
femurs were also harvested.

The experimental protocol was approved by the
Gulhane University Animal Experimentation Ethics
Committee on February 26, 2019 (Etik -2019 /02-2 019/0
2), and the study was conducted according to ARRIVE

apoptosis is observed [10]. There are many current
experimental studies in the literature for the analysis of
the effect of human EGF on rats, and its cytoprotective,
mitotic, and cell-differentiation effects have been shown
[11,12]. In vitro effects of EGF on bone metabolism have
also been reported in the current literature. According
to Yarram et al, with the activation of the MAP kinase
pathway, osteoblast metabolism is also activated [13].

In the current literature, there are very few new
studies on in vivo data for the effect of EGF on long
bone healing with callus tissue formation. Therefore, it
is hypothesized that, with the application of EGF
during a trauma surgery, a durable callus can be
achieved and duration of bone healing can also be
shortened. Furthermore, when EGF is combined with
HA on an acellular mesh, the effect of EGF can be
further increased. In light of this information, this in
vivo experimental model was built up to enlighten the
possible effects of exogenous EGF by comparing it with
HA and the effect of the combination on fracture
healing.

guidelines. Throughout the experiments, 2 independent
veterinarians were involved in monitoring the rats.

Surgery. Anesthesia was induced through an
intraperitoneal injection of a combination of Ketamin
(Ketalar®, Pfizer, Istanbul, Turkey) 90 mg/kg and
Xylazin (Rompun®, Bayer, Turkey) 10 mg/kg. No
preoperative or postoperative systemic antibiotic
prophylaxis was administered. All surgical procedures
were performed on left femurs under aseptic conditions
(limb shave + povidone iodine surgical scrub) by a
single surgeon. Under general anesthesia, an open
femoral fracture was created in all rats as described by
Neagu et al and Claes et al. [14,15]. After preoperative
preparation, a 2 cm standard lateral incision was made
parallel to the axis of femoral shaft. The interval
between the inferior of the “Tensor Fascia Lata” and the
superior of the “Biceps Femoris” was dissected bluntly
the access to femoral shaft. To create a simple transverse
fracture, both cortices were weakened via a 0.75 mm
Kirschner wire and a bicortical fracture was created
with a 1 mm osteotome without causing any defect
(Figure 1a and b).
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Figure 1 —a) Surgical field preparation; b) Lateral incision and surgical dissection of left femur; c) Open shaft fracture;
d) Surgical closure of fascia; e) Reduction with K-wire; f) Intralesional injection of EGF (EGF group); §) HA scaffold
implantation (HA group); h) Implantation of HA scaffold combined with EGF (Combined group); EGF, Epidermal Growth

Factor; HA, Hyaluronic Acid; K-wire, Kirschner wire

Fracture fixation was achieved via a 1.5 mm
Kirschner wire, which was applied antegrade from the
fracture area through “Trochanter Major”. After the
adequate reduction was achieved, the Kirschner wire
was applied retrogradely. Then, fascia was sutured
with a 3-0 Vicryl suture (Ethicon®, Johnsoné&]Johnson,
New Brunswick, New Jersey, USA). Skin was sutured
with 2-0 Prolene suture (Dogsan®, Istanbul, Turkey)
and Neo-Caf Sprey (Intervet®, Milano, Italy) was
applied as dressing (Figure 1c, d, and e).

For the EGF group, 75 g lyophilized Heberprot-
P® (Center for Genetic Engineering and Biotechnology,
Cuba/Has Biotech, Turkey) was diluted with 10 cm3
saline and applied 7.5 ug/cm3 per rat to the fracture line
intraoperatively prior to wound closure (Figure 1f).
Dosage selection was determined blindly since there is
no current literature on fracture healing with EGF. For
the HA group, after the fracture was reduced, a 2x0.5
cm  Hyalofast® (Anika Therapeutics, Padova,
Italy/Soylu Medical, Istanbul, Turkey) was enlaced to
the fracture line via a Right-Angled Clamp (Figure 1G).
For the Combined group, 7.5 ug/cm3 Heberprot-P®
impregnated 2x0.5 cm Hyalofast® was applied to the
fracture line (Figure 1h).

At fourth and sixth weeks, rats were sacrificed via
cervical dislocation under general anesthesia. All left
femurs were disarticulated and exited en bloc and
detached from muscle tissues surrounding the femur
without manipulating the fracture line.

Biomechanical investigations. Biomechanical healing
was assessed via Instron 5565-A (Instron Company®,
Mass, Norwood, USA) by “three-point bending test”. In

this test, the maximum load that callus tissue can absorb
is defined as “maximum force” which represents callus
tissue strength, and elastic deformation ability of callus
is defined as “stiffness” which represents the resistance
offered by the whole bone to the applied displacement
during the elastic region and is analogous to a simple
To be able to obtain
accurate and standardized data, all femurs were placed

spring constant (K) [16,17].

anteroposteriorly on a 3.2 mm support which was 2 cm
from the center at which load was applied. A load was
applied 1 mm/min on femurs and “maximum force”
and “stiffness” values were recorded.

Histological  Investigations. All femurs were
dissected 1 cm distal and proximal to the fracture line
and immersed in a 10% formaldehyde solution for 2
weeks. Fixation was applied with Bouin’s solution for 2
days. After the fixation, decalcification was carried out
using a solution of 10% acetic acid, 0.85% NaCl, and
10% formalin.

Paraffin-embedded
longitudinally in 3-4 um slides. Hemat oxylin-eosin-

specimens  were  cut

stained specimens were examined under a light
microscope and scored with the Huo Scoring System in
a blinded manner by a pathologist [18].

All femurs were also evaluated under scanning
electron microscope (SEM). For evaluation, all femurs
were fixated with 2.5% glutaraldehyde solution and
cleaned with Sorenson phosphate buffer (pH 7.4) and
further fixated with osmium tetroxide.

All specimenswere dehydrated with acetone and
100 Angstrom Gold Palladium was pulverized and
observed under Zeiss Evo LS 15 (Jena®, Oberkochen,
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Germany) electron microscope at an accelerating
voltage of 5-30 kV.

Statistical analysis. Prior to the study, a power
analysis was conducted to ensure an accurate sample
size. Since a one-way mixed analysis of variance
(ANOVA) method was planned to be used in further
evaluations [n = 20/kr + 1] formula was used as stated
by Arifin et al. [19]. Therefore, a minimum of 32 rats
were required for 4 groups and 2 repeated measure
times. To account for possible losses during the
experiment, a corrected sample size of 48 rats was
determined by predicting 1 loss per 3 rats.

3. Results

During the experiment and follow-up period, 10 of
48 rats were lost in the first 24 hours without any specific
cause (4 in control group, 2 in HA group, 2 in EGF group,
and 2 in combined group) and excluded from the study.
No sign of infection was observed. Overall, 38 rats were
included in study: 8 in control group, 10 in EGF group,
10 in HA group, and 10 in Combined group. During the
Daily follow-ups, no signs of weight-loss, behavioral

All experiments in this study were independently
repeated at least 3 times with consistent results. The
data are presented as mean and standard deviation (SD)
of the mean. Statistical analysis was carried out using
the Statistical Package for the Social Sciences Statistics
software, version 11.5 for Windows (SPSS Inc., Chicago,
IL, USA). Kruskal-Wallis and one-way ANOVA tests
were used for statistical comparisons. Mann-Whitney
U-test was used to compare 2 different groups if
statistically significant, p-values of less than 0.05 were
considered statistically significant.

changes, wound complications, etc. were observed. At
fourth week and sixth week, 4 rats in control group, 5
rats in EGF group, 5 rats in HA group, and 5 rats in
combined group were randomly selected and analyzed.

All  results
histological assessments are listed in Table 1 and

including  biomechanical and

statistical analyses in Tables 2 and 3 and statistical
graphs in Figure 2.

Table 1 — Overall mean or median results on biomechanical and histological assessments

Maximum Force (N)

Stiffness (N/mm)

Histological assessment

Mean (SD) Mean (SD) Median (Min- Max)
CL 145.9 (+ 2.73) 331.74 (+ 110.78) N/A

Control 0 0 1.0 (1.0-1.0)
EGF 0 0 4.0 (3.0-4.0)
HA 0 0 3.0 (3.0-3.0)
Combined 18.81 (+ 3.69) 56.11 (+ 2.93) 5.0 (5.0 - 6.0)
Control 10.92 (+1.21) 36.37 (+20.69) 2.0 (2.0-2.0)
EGF 17.70 (x 2.60) 36.13 (= 15.38) 4.0 (3.0-4.0)
HA 16.20 (+ 2.80) 36.28 (+10.11) 3.0 (3.0-4.0)
Combined 58.18 (= 7.08) 94.11 (+ 32.66) 7.0 (6.0-7.0)

Table 2 — Statistical comparison of all parameters between each other at 4th weeks

Groups Maximum Stiffness Histological Assessment
Force

CL - Control p=0.014 p=0.014 N/A

CL - EGF p =0.007 p =0.007 N/A

CL - HA p =0.007 p = 0.007 N/A

CL - Combined p=0.014 p=0.014 N/A
EGF - Control p =1.000 p =1.000 p =0.009
HA - Control p =1.000 p=1.000 p =0.005
EGF - HA p =1.000 p =1.000 p =0.050
Combined - Control p=0.011 p=0.011 p =0.007
Combined - EGF p =0.005 p =0.005 p =0.006
Combined - HA p =0.005 p =0.005 p =0.004

Note: CL: Contralateral, N/A: Not Available. Statistically significant values (p<0.05) are represented in bold
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Table 3 — Statistical comparison of all parameters between each other at sixth weeks

Maximum

Groups Force Stiffness Histological Assessment

CL - Control p=0.021 p=0.021 N/A

CL - EGF p=0.014 p=0.014 N/A

CL-HA p=0.014 p=0.014 N/A

CL - Combined p=0.014 p=0.014 N/A
EGF - Control p=0.014 p =1.000 p =0.007
HA - Control p=0.014 p =0.806 p =0.009
EGF - HA p =0.465 p=0.917 p=0.221
Combined - Control p=0.014 p =0.027 p =0.009
Combined - EGF p =0.009 p=0.016 p =0.006
Combined - HA p =0.009 p=0.009 p =0.007

Note: CL: Contralateral, N/A: Not Available. Statistically significant values (p<0,05) are represented in bold

Biomechanical healing was assessed with
“maximum force” and “stiffness” values. At fourth
week, the mean “maximum force” and “stiffness”
values of the control, EGF, and HA groups were 0 since
not a durable callus was formed. However, a
remarkable callus tissue was formed in the combined
group. At six weeks, the mean “maximum force” values

of all groups were statistically significant when

compared with the control group (p < 0.05). In terms of
“stiffness,” callus structure of the HA, EGF, and control
groups were similar (p = 1.00). However, the structure
of the callus tissue was “stiffer” compared with the
other groups (p < 0.05). At fourth and sixth week, the
contralateral group was significant with all other
groups biomechanically.
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Figure 2 — Statistical graphs of biomechanical and histological assessments; a) Maximum force assessment; b) Stiffness assessment; c) Histological assessment

(C: control group, EGF: EGF group, HA: HA group, COMB: combined group, CL: contralateral group); Dots indicate mean values and error bars represent

minimum—maximum values. EGF, epidermal growth factor; HA, hyaluronic acid
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Despite the fact that the most durable callus tissue
was formed at combined group, the durability of the
callus tissue is not as the strong as original bone tissue
(P <0.05) (Figure 2a and b).

Light microscope samples of all groups are listed
in Figure 3. All samples were scored with Huo
classification system to be able to obtain quantitative
data for histologic changes (Table 1). At fourth week, in
fracture area, fibrous tissue was seen in control group
(Figure 3a).

SEM results of all groups are shown in Figure 4.
Results of SEM investigation were assessed

qualitatively. Even though SEM results could not be
assessed quantitatively, significant changes were also
remarkable. At the fourth week, in the control group,
fracture lines were purely visible (Figure 4a). The main
difference between the EGF and HA groups was the
trabecular bone formation in the EGF group (Figure 4a)
and the fibrous tissue majority in the HA group (Figure
4e). In the combined group, newly formed regenerative
bone tissue was observed (Figure 4g).

:1,
e

Figure 3 — Light microscopic samples of a) control group at fourth week; b) control group at sixth week; ¢) EGF group at fourth week; d) EGF group at sixth week;

e) HA group at fourth week; f) HA group at sixth week; g) combined group at fourth week; h) combined group at sixth week;

b, bone; c: callus tissue; fx, fracture line; nb, newly formed bone tissue; nc, newly formed cartilage tissue
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Figure 4 — Scanning electron microscopic samples of a) Control group at fourth week; b) Control group at sixth week; c) EGF group at fourth week; d) EGF group

at sixth week; e; HA group at fourth week; f; HA group at sixth week; g) Combined group at fourth week; h) Combined group at sixth week. EGF, epidermal

growth factor; HA, hyaluronic acid

At sixth week, rarely new formed bone tissue was
observed in the Control group (Figure 4b). Mostly
regenerative bone formation was visible in the EGF
group (Figure 4d) in contrast with the HA group at

4. Discussion

Fracture healing is a complex and dynamic process
which is still being investigated with the help of
technological and medical developments. In recent
years, researchers have focused on cytokines and
growth factors that could accelerate fracture healing,
promote early mobilization, and prevent complications,
particularly nonunion.

In this experimental study, the effect of HA
scaffold and EGF alone and in combination of them on
fracture healing were compared. It is observed that, the
combination of HA scaffold and EGF increases callus
strength and durability, thus decreasing fracture

which fibrous tissue and minor newly formed bone
tissue were together observed (Figure 4f). However, new
bone formation was almost completed in the Combined
group (Figure 4h).

healing time. Furthermore, one dose of intralesional
EGF application also stimulates fracture healing as
much as HA scaffold. Thus, the combination of EGF and
HA scaffold provides a synergistic effect on fracture
healing.

To create a uniform fracture line and reduction, we
preferred the open femoral shaft fracture model in our
study. Even though the first experimental animal model
was introduced by Jackson et al in 1970, it was a closed
femoral fracture model and severe complications like
callus tissue

unstandardized formation, deep

infections, and death were observed [20]. Despite the
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Trauma & Ortho Kaz, 2025, 76 (5)

technical difficulties, the open femoral fracture model
was preferred in our study, which was introduced by
Neagu et al. and Claes et al. [14,15].

Hyaluronic acid is a major component of
matrix. ~ With  the
developments, to create a scaffold in various orthopedic

extracellular technological
operations, HA alone or containing acellular matrix
products are widely used [21]. In the current literature,
scaffolds containing HA are used as periosteal grafts
and accelerates fracture healing [22]. Histological
evaluations show that scaffold grafts fill the defective
area and protect the tissue from fibrous tissue
penetration. Furthermore, several studies show that
HA-containing scaffolds induce extracellular matrix
formation, angiogenesis, and osteogenesis [23]. In our
study, HA scaffolds increase fracture healing similarly
to current literature.

In the current literature, there is no available
literature that provides evidence of the correlation
between EGF and callus formable fracture healing.
However, according to Marquez et al, EGF improves
primary bone healing especially when combined with
liposomal scaffolds [24]. According to Hernandez-
Flores et al, combination of EGF and ascorbic acid
improves unicortical tibial bone defect biomechanically
[25].

4. Conclusions

In our study, we observed that the effect of EGF
could be increased with the application on a scaffold,
which ensured the sustained release of EGF on the
fracture line [29].

Our study had limitations, including a relatively
short follow-up period and an inability to investigate
radiologically. Longer follow-ups and the use of micro-
CT could provide more detailed measurements of
callus tissue and enable more detailed inferences.

The use of a single dose of 7.5ug/cm® of
intralesional EGF in the treatment of long bone shaft
fractures results in similar biomechanical and
histological fracture healing outcomes as those

References

Furthermore, a new study by Dominguez-
Hernandez shows an increase in bone healing with EGF
and ascorbic acid application [26]. However, these
studies are unicortical fractures and do not involve
callus formation. According to Bilal et al, it is shown
that EGF increases fracture healing and vascularization
in rat tibial defect healing with antibiotic embedded
polymethyl methacrylate scaffold [27].

In our study, EGF alone and in combination of EGF
and HA improve bicortical and callus-formed femoral
shaft fracture healing both histologically and
biomechanically. With our literature review, one of our
aims was to compare the effect of HA, which is a widely
used molecule, and EGF on fracture healing, and it is
observed that fracture healing is induced by EGF as
well as HA. Furthermore, EGF can be applied injectably
whereas HA must be applied intraoperatively.

Currently, there are also no data available on the
effect of HA and EGF combination on fracture healing.
However, Kondo et al reported that combination of
EGF and HA on diabetic wound healing improves re-
epithelization but no significant difference is found
when compared with HA alone [28]. Su et al. also
showed that EGF and HA scaffold combination
improves wound healing in rabbits.

achieved with HA scaffold treatment. Furthermore, the
combination of EGF and HA scaffold leads to even
greater improvements in fracture healing compared to
the use of either treatment alone.

Conflicts of Interest. The authors declare no
conflicts of interest.

Funding. This research did not receive any specific
grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Author Authors
contributed to this work. All authors have read and

Contributions: equally

agreed to the published version of the manuscript.

1. Einhorn, T. A., Buckwalter, J. A., & O'Keefe, R. ]J. (2007). Orthopaedic basic science: foundations of clinical

practice. American Academy of Orthopaedic Surgeons.
2. Tanrikulu, S, & Gonen, E. (2017).
https://doi.org/10.14292/totbid.dergisi.2017.62

Kirik  iyilesmesi.

TOTBID Dergisi, 16, 455-475.

3. Hadjidakis, D. J., & Androulakis, I. I. (2006). Bone remodeling. Annals of the New York Academy of Sciences,

1092, 385-396. https://doi.org/10.1196/annals.1365.035

4. Boyer, M. L. (2018). AAOS comprehensive orthopaedic review 2. Lippincott Williams & Wilkins.

https://doi.org/10.52889/1684-9280-2025-76-5-jto018


https://doi.org/10.14292/totbid.dergisi.2017.62
https://doi.org/10.1196/annals.1365.035

Trauma & Ortho Kaz, 2025, 76 (5)

5. Aslan, M., Simsek, G., & Dayi, E. (2006). The effect of hyaluronic acid-supplemented bone graft in bone healing:
experimental ~ study in  rabbits. = Journal @ of  biomaterials  applications,  20(3), = 209-220.
https://doi.org/10.1177/0885328206051047

6. Akyildiz, S., Soluk-Tekkesin, M., Keskin-Yalcin, B., Unsal, G., Ozel Yildiz, S., Ozcan, 1., & Cakarer, S. (2018).
Acceleration of Fracture Healing in Experimental Model: Platelet-Rich Fibrin or Hyaluronic Acid?. The Journal of
craniofacial surgery, 29(7), 1794-1798. https://doi.org/10.1097/SCS.0000000000004934

7. Ayanoglu, S., Esenyel, C. Z., Adanir, O., Dedeoglu, S., Imren, Y., & Esen, T. (2015). Effects of hyaluronic acid
(Hyalonect) on callus formation in rabbits. Acta orthopaedica et traumatologica turcica, 49(3), 319-325.
https://doi.org/10.3944/A0TT.2015.14.0231

8. Bhakta, G., Lim, Z. X,, Rai, B, Lin, T., Hui, J. H., Prestwich, G. D., van Wijnen, A. J., Nurcombe, V., & Cool, S.
M. (2013). The influence of collagen and hyaluronan matrices on the delivery and bioactivity of bone morphogenetic
protein-2 and ectopic bone formation. Acta biomaterialia, 9(11), 9098-9106. https://doi.org/10.1016/j.actbio.2013.07.008

9. Chim, S. M., Tickner, J., Chow, S. T., Kuek, V., Guo, B., Zhang, G., Rosen, V., Erber, W., & Xu, J. (2013).
Angiogenic factors in bone local environment. Cytokine & growth factor reviews, 24(3), 297-310.
https://doi.org/10.1016/j.cytogfr.2013.03.008

10. Zhang, X, Siclari, V. A., Lan, S., Zhu, J., Koyama, E., Dupuis, H. L., Enomoto-Iwamoto, M., Beier, F., & Qin, L.
(2011). The critical role of the epidermal growth factor receptor in endochondral ossification. Journal of bone and
mineral research : the official journal of the American Society for Bone and Mineral Research, 26(11), 2622-2633.
https://doi.org/10.1002/jbmr.502

11. Berlanga, J. (2010). Heberprot-P: experimental background and pharmacological bases. Biotecnol apl, 27(2),
88-94.

12.Jansen, C., Nexg, E., Ihse, 1., & Axelson, J. (2003). Intravenously administered human epidermal growth factor
in the rat. Biliary excretion and influences on pancreatic secretion. European surgical research. Europaische
chirurgische Forschung. Recherches chirurgicales europeennes, 35(2), 81-85. https://doi.org/10.1159/000069393

13.Yarram, S. J., Tasman, C., Gidley, J., Clare, M., Sandy, J. R., & Mansell, ]. P. (2004). Epidermal growth factor
and calcitriol synergistically induce osteoblast maturation. Molecular and cellular endocrinology, 220(1-2), 9-20.
https://doi.org/10.1016/j.mce.2004.04.005

14. Tiglis, M., Popp, C. G., & Jecan, C. R. (2016). Histological assessment of fracture healing after reduction of the
rat femur using two different osteosynthesis methods. Romanian journal of morphology and embryology = Revue
roumaine de morphologie et embryologie, 57(3), 1051-1056.

15. Claes, L., Blakytny, R., Gockelmann, M., Schoen, M., Ignatius, A., & Willie, B. (2009). Early dynamization by
reduced fixation stiffness does not improve fracture healing in a rat femoral osteotomy model. Journal of orthopaedic
research : official publication of the Orthopaedic Research Society, 27(1), 22-27. https://doi.org/10.1002/jor.20712

16. Silva, M. J. (2016). Bone mechanical testing by three-point bending. Washington University Musculoskeletal
Structure and Strength Core.

17. Turner, C. H., & Burr, D. B. (1993). Basic biomechanical measurements of bone: a tutorial. Bone, 14(4), 595—
608. https://doi.org/10.1016/8756-3282(93)90081-k

18.Huo, M. H., Troiano, N. W., Pelker, R. R., Gundberg, C. M., & Friedlaender, G. E. (1991). The influence of
ibuprofen on fracture repair: biomechanical, biochemical, histologic, and histomorphometric parameters in rats.
Journal of orthopaedic research: official publication of the Orthopaedic Research Society, 9(3), 383-390.
https://doi.org/10.1002/jor.1100090310

19. Arifin, W. N., & Zahiruddin, W. M. (2017). Sample Size Calculation in Animal Studies Using Resource
Equation = Approach. The Malaysian journal of medical sciences: MJMS, 24(5), 101-105.
https://doi.org/10.21315/mjms2017.24.5.11

20.Jackson, R. W., Reed, C. A., Israel, ]J. A., Abou-Keer, F. K., & Garside, H. (1970). Production of a standard
experimental fracture. Canadian journal of surgery. Journal canadien de chirurgie, 13(4), 415-420.

21. Yucekul, A., Ozdil, D., Kutlu, N. H., Erdemli, E., Aydin, H. M., & Doral, M. N. (2017). Tri-layered composite
plug for the repair of osteochondral defects: in vivo study in sheep. Journal of tissue engineering, 8, 2041731417 697500.
https://doi.org/10.1177/2041731417697500

22.Rhodes, N. P, Hunt, J. A, Longinotti, C., & Pavesio, A. (2011). In vivo characterization of Hyalonect, a novel
biodegradable surgical mesh. The Journal of surgical research, 168(1), e31-e38. https://doi.org/10.1016/j.jss.2010.09.015

23.Shoji, S., Uchida, K., Satio, W., Sekiguchi, H., Inoue, G., Miyagi, M., Takata, K., Yokozeki, Y., & Takaso, M.
(2020). Acceleration of bone union by in situ-formed hydrogel containing bone morphogenetic protein-2 in a mouse
refractory fracture model. Journal of orthopaedic surgery and research, 15(1), 426. https://doi.org/10.1186/s13018-020-
01953-7

24 Marquez, L., de Abreu, F. A., Ferreira, C. L., Alves, G. D., Miziara, M. N., & Alves, ]. B. (2013). Enhanced bone
healing of rat tooth sockets after administration of epidermal growth factor (EGF) carried by liposome. Injury, 44(4),
558-564. https://doi.org/10.1016/j.injury.2012.10.014

https://doi.org/10.52889/1684-9280-2025-76-5-jto018


https://doi.org/10.1177/0885328206051047
https://doi.org/10.1097/SCS.0000000000004934
https://doi.org/10.3944/AOTT.2015.14.0231
https://doi.org/10.1016/j.actbio.2013.07.008
https://doi.org/10.1016/j.cytogfr.2013.03.008
https://doi.org/10.1002/jbmr.502
https://doi.org/10.1159/000069393
https://doi.org/10.1016/j.mce.2004.04.005
https://doi.org/10.1002/jor.20712
https://doi.org/10.1016/8756-3282(93)90081-k
https://doi.org/10.1002/jor.1100090310
https://doi.org/10.21315/mjms2017.24.5.11
https://doi.org/10.1177/2041731417697500
https://doi.org/10.1016/j.jss.2010.09.015
https://doi.org/10.1186/s13018-020-01953-7
https://doi.org/10.1186/s13018-020-01953-7
https://doi.org/10.1016/j.injury.2012.10.014

Trauma & Ortho Kaz, 2025, 76 (5)

25. Hernandez-Flores, C., Dominguez-Hernandez, V. M., Delgado, A., Pérez-Moreno, R., & Valdez-Mijares, R.
(2018). Efecto de BioOsteo® en combinacidn con el factor de crecimiento epidérmico y el acido ascérbico en un defecto
de la tibia de la rata [Effect of BioOsteo® in combination with epidermal growth factor and ascorbic acid in a rat tibia
defect]. Cirugia y cirujanos, 86(4), 332-337. https://doi.org/10.24875/CIRU.M18000051

26. Dominguez-Hernandez, V. M., Hernandez-Flores, C., Delgado, A., Valdez-Mijares, R., Araujo-Monsalvo, V.
M., & Hernandez-Gonzalez, O. (2023). Effect of ascorbic acid and epidermal growth factor in a rat tibia defect. Acta
cirurgica brasileira, 38, €381623. https://doi.org/10.1590/acb381623

27.8Bilal, O,, Topak, D., Kinas, M., Kurutas, E. B., Kizildag, B., & Bahar, A. Y. (2020). Epidermal growth factor or
platelet-rich plasma combined with induced membrane technique in the treatment of segmental femur defects: an
experimental study. Journal of orthopaedic surgery and research, 15(1), 601. https://doi.org/10.1186/s13018-020-02142-
2

28.Kondo, S., Niiyama, H., Yu, A., & Kuroyanagi, Y. (2012). Evaluation of a wound dressing composed of
hyaluronic acid and collagen sponge containing epidermal growth factor in diabetic mice. Journal of biomaterials
science. Polymer edition, 23(13), 1729-1740. https://doi.org/10.1163/092050611X597799

29.5u, Z, Ma, H.,, Wu, Z,, Zeng, H., Li, Z,, Wang, Y., Liu, G.,, Xu, B,, Lin, Y., Zhang, P., & Wei, X. (2014).
Enhancement of skin wound healing with decellularized scaffolds loaded with hyaluronic acid and epidermal growth
factor. Materials science & engineering. C, Materials for biological applications, 44, 440-448.
https://doi.org/10.1016/j.msec.2014.07.039

EreykyipbIKTapAbIH CaH Cylieri CbIHYbI MOAeaiHJeri snmaepMaabai ocy pakTOpPhI
MeH I'aAypOH KbIIIKbLABIHBIH CYJieK JKa3blaybIHa aCepiH 3epTTey

Baris Can Kuzuca !, Mahmut Nedim Doral 2

1 Opromneaus xoHe TpaBMaroaorus 6eaimiiy mamansl, IOHyc EMpe MeMaexeTTik aypyxaHacsl, Dckurexup, Typkus
20proneaus >KoHe TPaBMaTOAOIs1 00AiMiHiH ITpodeccopsl, CIIOPTTHIK MeAulHa KadeApackIHbIH MEeHTepyIIIici,
Xaxxerrene yHusepcureti, Aukapa, Typxus

Tyiingeme

Ocol 3epTTeyaiH MakcaThl — DK30Te€HAl smmaepMadbibl ocy (aKTOphl MeH IMaAypOH KBIIIKBLABI HeTisiHAeri
KapKacThIH ereyKyMpBIKTapABIH CaH Cyleri CBIHYy MogeadiHAe CylieK >Kas3blAyblHa ocepiH 3sepTrey 0oaanl. bya
DKCIIEPUMEHTTIK 3epTTeyTe opTalia caamarsl 392 1 (amamaszoH = 350-450 r) >xoHe >xacsI 8,2 a1 (6-9 ait) 60aaTbIH 48 epkek
Wistar-Albino TYKBIMABI eTeyKYIIPBIKTap KaTBICTHIPBLAABL. bapAbIK XMpypIusaablK apadacyapasl 6ip XUpypr coa >Kak,
caH cyiierinAe OpeIHAaAbl. bapablK XaHyapaap4a alllblK CaH CylieTi ChIHYBl MOoAeAbaeHAl. EreyKyiipbrIkTap Ke3aencok
Typae 4 Tonka 6eaiHai: 6akblaay TOOHI (12); smmaepmaanai ecy ¢paxkropsl ToOb (12); TMaaypOH KBIIKBLABL TOOBI (12);
apazac ToOsI (12). 4-111i >X9He 6-IITBI anTalapaa aAbIHFaH yATidep OMoMexaHMKAAbIK, JKoHe ITICTOAOTUAABIK 9icTepMeH
sepTTeasi. Apasac TOOBIHAA CyleK CHIHYBIHBIH >Ka3blAybl Oakplaay, SHUAepMaababl ocy (paKTOPHI KoHe I'MalypoH
KBIIITKBIABI TOIITAPBIMEH CaABICTEIPFaHAa DapABIK KepceTKilTep OOIIBIHINA eKi Mep3iMae Ae aliTapABIKTall JKaKcapFaHb
aHbIKTaaAbl. OnepanusjaH KeliiHri 4 >koHe 6 anTadapda smIujepMadbii ecy PaKTOPHI KoHe I'MaAypPOH KBIIIKBIABI
TONTapbIHAA IMCTOAOTUAABIK Oaraday KediHAe CyiieK >Ka3blAybl Oakblaay TOOBIHa KaparaHJa eAdyip Tesipek Kypai.
CoHBIMEH KaTap, sIugepMaabibl ©Cy (paKTOPbl, IMAaAypPOH KBIIIKBIABI KoHe OaKbllay TONTapBIMEH CaABICTHIPFaHJA
apaac ToObIHAa 4 KoHe 6 amTajapda CyileK MyliisreriHig 61oMeXaHMKaAbIK KacueTTepiHAe allKbIH alibIpMaIlbLAbIK,
Gaiikaaasl. bya seprrey HoTIDKeaepi smmiepMaabAbl ©Cy (PaKTOPHI IeH I'MaldypOH KBIIIKBLABI HeTi3iHAeTi KapKacThl
KepriaikTi OipikTipin KOAAaHy CYMeKTiH >Ka3blAybIH >KeAeAAeTill, CylieK MYIi3reriHig TIMCTOAOIMAABIK >KoHe
OmoMeXaHMKaABIK OepiKTiriH apTTHIPATHIHBEIH KOpCeTTi. DmugepMaababl ocy (PaKTOPLI/TMaAypPOH KBIIIKBLABI
OipikTipiareH KapkacTapblH KOAAaHy TPaBMAaTOAOIVIIABIK XUpPYypIusja OoJamrakTa ITepCHeKTUBTI cTpaTerms OOAyBI
MYMKiH.

Tyiiiu ce3aep: snnaepmaabai oCy paKTOphl, TMalypOH KBIIIKBIABI, Cy €K CBIHYBIHBIH JKa3blAYbI, CyIeK MYIii3reri.
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I/ICCAeAOBaHI/Ie BAVISIHVIAL SIIVIA€PMaAbHOTO (l)aKTOpa pocTtan I‘I/I&AypOHOBOf/I KINCA0TbI
Ha 3a’XMBAeHVe IIepeaA0OMOB B MOJeAN I1epeaoMa 6eapeHH0171 KOCTN y KpPBbIC

Baris Can Kuzuca !, Mahmut Nedim Doral 2

10raeaenne oproneaun u Tpamaroaorun, l'ocysapersennas 6oapaniia IOHyc Dmpe, Dckummexup, Typrs
2TTpodeccop kadeapsl OPTOIIEAUN U TPaBMaTOAOTUM, 3aBeAyIOLTNIi Kadpe A porl CTIOPTUBHON MeAVILIVHEI
Yuusepcurer Xaaxerrene, Aukapa, Typrus

Pesome

leapio aaHHOTO MCCA€40BaHMsA OBLAO M3YIUTh POAb DK3OTEHHOIO SIMJAePMaAbHOro (axTopa pocra U
I11aAypOHOBOJ KMCAOTEI, MCII0AB30BAaHHOMN B KadecTBe MaTPMKCHOIO KapKaca, B IIpoIjecce 3a’KMB/AeHIs IIepe1OMOB B
9KCIIePUMEeHTaAbHON MojeAn IlepeaoMa OeJpeHHON KOCTHU y KpBIC. B okcriepumenTe 1cioan3osaan 48 caMI1IoB KpbIC
avaNN Wistar-Albino co cpeaneit maccont Teaa 392 t (auanaszon 350-450 r) u cpearuM BozpactoM 8,2 Mecsna (6-9
Mecs1es). Bce xmpyprudeckne BMeIaTeAbCTBa BBITOAHAAMCH OAHUM XMPYPIOM Ha AeBoil OeapeHHON KocTtn. Beem
SKMBOTHBIM OBIA CO3JaH OTKPBITHIN IepeaoM OeApeHHON KocTqu. Kpbichr ObLAM cAydaliHBIM 00pa3oM pasieleHbl Ha
geTpIpe Tpymmbl 1o 12 ocoOeri: KOHTpOABHas IPyIIla, IPyIHIla DK30T€HHOIO SIIAepMaAbHOTO (akTopa, IpyIIia
IMaAypOHOBOM KMCAOTH U KomOmumposaHHas rpynma (EGF+HA). Ha dgersepToit m mrectoil Hedeasx oOpasIibl
II0ABEPraAych OMOMeXaHMIeCKOMY I TMCTOAOTMYEeCKOMYy aHaAu3y. Ja’kKuBJAeHue IlepeaoMa ObLIO 3HauMTeABHO
yAy4IIleHO B KOMOMHMPOBAHHOJ TPYIIIe II0 CpaBHEHMIO C KOHTPOALHOM, TPYIIION SK30T€HHOTO SHIIAepPMaAbHOTO
¢axTOopa 1 TpyIIoN IMaaypOHOBOI KMCAOTH IIO BCeM IapaMeTpaM Ha 000X BpeMeHHBIX dTanax. Ha gersepToii n
IIIeCTOM HeeAsX II0CAe Ollepalyy IMCTOAOTMYeCKas OIleHKa IT0Ka3ala 40CTOBepHOe YCIAeHe ITPOIIeCCOB 3a>KIBAeHIL
B IpyIIIax SIujgepMaabHOro (pakropa pocTa U rMalypOHOBON KMCAOTH 110 CpaBHEHMIO ¢ KoHTpoaeM. Kpome Toro, B
KOMOMHIPOBAHHON TpyIllle HabAIOAAAMCh 3HAYMTEABHO OoO/ee BHIpa>keHHble M3MeHEeHMs B KOCTHONM MO30AM IIO
CpaBHEHMIO C TpyHnIlaMH SIujgepMadbHOIO (pakTopa pocTa, IMaAypOHOBas KICAOTa M KOHTPOABHON IIO
OGroMexaHIYeCKMM XapakTepucTukaM. IIposeseHHoe mccae oBaHe IT0Ka3al0, 9YTO COYeTaHHOE MeCTHOe IIpMMeHeHe
SIIAePMaAbHOTO (PaKTopa pocTa M MaTpMKCa Ha OCHOBE T'MalypOHOBOM KMCAOTH YCKOPseT 3aXKMBAEHMe KOCTel 1
yKpenaseT KOCTHYIO MO30Ab KaK C TMCTOAOTMYEecKOl, TaK M C OmomexaHmMdecKoil Todek 3peHwms. Ilpmmenenme
KOMOMHIPOBAHHBIX KapKacoB SIIAEPMaAbHOTO (pakTopa poCTa/TMalypOHOBON KMCAOTH MOXKET IpeACcTaBAsITh COOO0M
IIepCIeKTUBHYIO CTPaTernio B TPaBMaTOAOTMYECKOI XUPYPIUN.

Karouesble caoBa: snngepMaabHbI (paKTOp pOCTa, TMaAypPOHOBas KMCAOTA, 3a’KMBAeHIe TIepe10MOB, KOCTHas
MO30/b.
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