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Abstract

The present study was planned to evaluate the efficacy of tendon derived hydrogel and hyaluronic
acid in repair of experimentally induced superficial digital flexor tendon defect in rams,
ultrasonographically with detection of vascular endothelial growth factor (VEGF) and basic fibroblast
growth factor (bFGF) in blood. Thirty six adult rams were divided randomly into three equal groups: First
group (control group) rams were subjected to partial removal of the superficial digital flexor tendon
(SDFT), second group (tendon derived hydrogel group): rams were subjected to the same procedure as
mentioned in first group except that the tendon defect was filled with tendon derived hydrogel directly,
while third group (hyaluronic acid group): same procedure as in first group but the tendon defect was
filled with hyaluronic acid directly. Clinically there was no pain, no infection, no signs of rejection and
all wounds had healed completely in all rams, normal body temperature, except for the swelling which
appeared in the first group in one ram at 30 days post operatively and two rams in third group at 60 days
post operatively, all animals were able to stand and showed normal gait. Ultrasonographic results at 120™
day post operation in first group showed, hypoechoic to hyperechoic regions at the site of the defect. At
the same period for the second group the sonogram showed, well-aligned echoic tendon structure, while
in the third group at the same period there were hypoechoic areas at the site of the defect. The results of
bFGF and VEGF detection showed significant differences between the periods in first group at P<0.05,
while in second and third groups there were significant differences at P<0.01for bFGF. The results of
detection VEGF showed, significant differences in the mean values among the periods at P<0.01in first
group, also second group there was significant differences at P<0.01. And in third group there was a

significant difference at P<0.05. Also there were significant differences among all groups P<0.01in at 60™"
day postoperatively. In conclusion the tendon derived hydrogel matrix and the hyaluronic acid have a
reaenerative effect in repair of tendons iniuries. but the superioritv is for tendon derived hvdroael matrix.
Keywards: Tendon, Growth factors, Tendon derived hydrogel, ultrasound of tendon, Hyaluronic acid.
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Introduction . -
The release of growth factors in specific
time is necessary to achieve tendon healing; these
growth factors are promoted the healing of tendon
when applying them in optimal doses. There are
five growth factors important in tendon healing,
these are: vascular endothelial growth factor
overloading (1). The emerging field of Tissue (VEGF), basic fibroblast growth factor (BFGF)
Engineering and Regenerative Medicine is insulin—like growth factor (IGF), platelet—derived
increasingly being employed to design strategies growth factor (PDGF) and transforming growth
for the repair of tendon tissue. These strategies factor (TGF), (10-11). Physiologically, they are
are focused on the activation and enhancement of synthesized and secreted by platelets, fibroblasts,
the body’s own repair system by using a inflammatory cells and vascular endothelial cells.
combinatory approach that may include the These growth factors are bind to the external
application of cells, stimulatory factors, genes, receptors and influences cellular mitogenesis and
and scaffolds (2).The published researches thus the healing cascade (12). Tendon injury
describe the production of decellularized stimulates the release of growth factors at

scaffolds from non-homologous anatomical sites different stages of tendon healing (13) resulting
such as using of small intestine submucosa (3-4), in increased cellularity and tissue volume (14).

Bovine Urinary Bladder Sub-mucosa (5), and Growth factors expressions are increased in the

pericardium and platelet-rich fibrin matrix early phases of tendon healing (15-16).
(PRFM) (6). In the last decade researches had

also shown the efficacy of extracellular matrix
hydrogels derived from the tissue targeted for
treatment of tendon injuries (7-8). Several
attempts had been made to prepare Tendon
derived hydrogel for augmentation of tendon
repair (8-9).

Tendon Injuries can be either intrinsic in
the form of strain or extrinsic in the form of
percutaneous injuries. Skin lacerations are
associated with the latter, while overstrain
injuries  resulting from sudden structure

Hydrogels consist of natural biomaterials
such as collagen, hyaluronic acid, fibrin alginate,
and proteins from extra cellular matrix which
appropriate  materials for applications in
biomedical field due to their good
biocompatibility, high water content, interaction
with living tissues, and elastic consistency (17).
Tissue derived hydrogels are better matching
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with the original tissue as they contains the
compositions of the extracellular matrix, in
addition to the biological and chemical cues
inherent to these components of the matrix
(7;18;19). The solution of extracellular matrix
with suitable viscosity can be delivered by
injection, and then conform to the 3D space
following deposition (8). The thermos responsive
performance assist the polymerization process
and form a gel at the temperature of body,
producing a structure suitable for host cell
infiltration and remodeling (20). The aim of this
study is to evaluate tendon derived hydrogel and
hyaluronic acid in repair of experimentally
induced superficial digital flexor tendon defect in
rams ultrasonographically and with detection of
VEGF and bFGF in blood.

Materials and Methods

Thirty six apparently healthy local breed
rams were recruited for this study. These were
between (1-2) years of age and weighed (30-40)
Kg. All animals were evaluated clinically before
initiation of the experiment. They were housed in
the animal farm of the College of Veterinary
Medicine, University of Baghdad and they were
precondition in the animal’s house for 21 days
before operation. All rams were housed in pairs
in (3x2.5) meters pens for the entire experiment
and were numbered. All rams were vaccinated by
Co- Baghdad (Syva- Bax) ® against
enterotoxaemia in a dose of 5ml. subcutaneously
and also dewormed with Ivermectin (Evanomic,
Spain) 0.2 mg/Kg B.W. subcutaneously. The
present study was approved by the Animal
Welfare and Ethics Committee and Faculty of
Veterinary Medicine/ University of Baghdad.

Tendon Decellularization and Processing was
carried out according to Pridgen et al., (21) and
the Formation of the gel according to Zhang et al.,
(22).

Pre- operative considerations
The food was held for 24hrs. , and water
restricted for 12 hours before operation. The
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animal was restrained in right lateral position
after light sedation by using Xylazine (Bayer-
Germany) 2% in a dose rate of 0.2 mg / Kg B.W
intramuscular (22). The left forelimb was
prepared for surgical operation starting from the
carpal joint downward to the fetlock joint and
tourniquet was applied directly above the carpal
joint for the controlling of bleeding during the
operation. The site of operation was anesthetized
by ring block using 2% lidocaine hydrochloride
at a dose of 4 mg / Kg B.W. (23-24).

Surgical technique

Slightly lateral to site of the superficial
digital flexor tendon (SDFT) a straight incision
approximately 5cm. long was made through the
skin covering the flexor tendons of the left
forelimb, then passed down to the subcutaneous
tissues. The edges of the skin were reflected
laterally to expose the dorsal surface of the SDFT.
Separation of the SDFT from the corresponding
DDFT was performed by blunt dissection and
then a curved artery forceps was introduced
beneath the SDFT to expose it. Parallel incisions
were made in the tendon 0.2 cm apart and 1 cm
long, and then with a fine surgical scissor the
scored section was removed to create a partial
defect in the mid substance (Figure 1 A,B,C).
These steps were conducted similarly in the three
groups with exception of application of normal
saline in the first group, tendon derived hydrogel
in the second group directly and hyaluronic acid
was applied in the defect in the third group
(Figure 1D). Subcutaneous tissues were closed
using 4-0 absorbable suture material (Vicryl)
with simple continuous pattern, and then the skin
was sutured using non absorbable suture material
(silk No. 0) with interrupted horizontal mattress.
The operated limb was immobilized with
External fixation device (backslab) to limit the
motion.
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Figure (1): shows (A) Parallel longitudinal
incisions. (B) Removal of part of the tendon’s
structure. (C) The created defect in SDFT. (D)
The application of hydrogel.

Each animal was housed individually in
confined pen to restrict its activity, monitor the
wound until the removal of skin stitches on the
10" day post-surgery. Pencillin streptomycine in
a dose rate of 10000 I.U and 5mg /Kg B.W
respectively were injected IM for 5 consecutive
days. Skin incisions were checked daily till
complete wound healing at the time of stiches
removal after 10 days. The external fixation
device was re applied for fifteen days and then
removed. A complete clinical examination was
performed on all animals, (24 and 48) hours after
creation of injury, on day of treatment, and daily
for the first 4weeks and twice weekly for the
remaining period to evaluate and monitoring the
local heat and pain this was closely monitored by
palpation during the post- operative period.
Complete clinical follow up, growth factors
evaluation in serum to detect VEGF and bFGF
basic fibroblast growth factor at (5,15, 30, 60, and
120 days), ultrasonographical examination were
performed for each group at (30, 60, and 120
days) post-surgical repair.

The blood samples were collected
aseptically from the jugular vein of each rams in
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a test tube without anticoagulant or serum
separator by using a vacutainer needle 20-gauge
by one-inch and a vacutainer. After that it was left
to allow the formation of blood clot at room
temperature for 15-30 minutes then centrifuged
at 3000 rpm for 10 minutes to remove the clot and
then the serum were transrerred into 0.5
Eppendorf tube and stored at —20°C according to
Barger and Macneill, (25). The serum samples
were analyzed by enzyme-linked immunosorbent
assay technique (ELISA) with using of specific
sheep vascular endothelial growth factor (VEGF)
and sheep basic fibroblast growth factor (bFGF)
ELISA kits (My Bio Source, USA) for detection
the value of these growth factors at (0,5,15,30,60
and 120 days).

The tendons were evaluated using Welld
Ultrasonographic Machine (WED-9618V, China)
with a linear (7.5) MHz transducer, for
monitoring the tendons at (30, 60, and 120 days)
postoperative. Ultrasonography were recorded
prior to creation of tendon defect were served as
control images. All the ultrasonographical
examinations of palmar metacarpal regions were
done with the animals sedated and restrained.
Longitudinal images were obtained to the
echogenicity and the fibers alignment at the site
of the defect.

The Statistical Analysis System- SAS
(2012) program was used for statistical analysis
in the present study. One way analysis of variance
(ANOVA) was used to test differences between
groups. Least Significant Difference-LSD test at
P<0.05 and P<0.01 were used to test mean of the
groups.

Results and Discussion

Clinical examination of the operation site
revealed no pain, no infection, no signs of
rejection and all wounds had healed completely
in all rams, normal body temperature, Except for
the swelling which appeared in the first group in
one ram at 30 days and two rams in third group at
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60 days. All animals were able to stand and
showed normal gait.

The detection results of bFGF mean
values showed nonsignificant differences at zero
time among the three groups. In first group there
were decreased in the levels at 5™ day, then
showed increased at both 15" and 30™ day in
which reached to the peak, after that at 60" and
120" day it showed gradual decrease in the mean
values until reached near to the baseline before
surgery at 120" day. In second group the
detection results showed increased in the mean
values at 5™ day, the decreased at both 15" and
30" day, after that at 60" day posttreatment
showed increased in the values which peaked at
this time, and then decreased to reach near the
baseline at zero time. In third group there were
increased in the mean values starting from 5™ day
and reached the peak at 30" day, then decreased
gradually at 60" and 120" day at which reached
near to the baseline.

The results of detection bFGF in the three
groups were reflected by the mean values of
bFGF (pg/ml) in table (1). There were significant
differences between the periods in first group at
P<0.05, and reached the peak (63.51 £ 13.54) at
30" day postoperatively. Also in second group
there were significant differences at P<0.01 but
reached the peak (108.77 + 24.6) at 60th day
posttreatment. While in third group the
significant differences among the period at
P<0.01 and reached to the peak (62.28 + 8.58) at
30th day posttreatment.

The result of detection VEGF showed
non-significant differences among the three
groups at zero time. The mean values of VEGF
were increased starting from 5™ day to 30" in
which reached to the peak in all groups, then
decreased at 60™" and 120" day and reached to the
base line of the VEGF level preoperatively. The
results of detection VEGF of all rams in the three
groups were reflected by the mean values of
VEGF (pg/ml) in table (2). There were significant
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differences in the mean values among the periods
at P<0.0lin first group, which reached to the peak
(843.0 + 138.5) at 30" day postoperatively, also
second group there were significant differences at
P<0.01 and peaked (781.4 £ 105.8) at 30" day
posttreatment and in third group the peaked
(8935 + 132.2) at 30" day with significant
differences at P<0.05. Also there are significant
differences among all groups P<0.01in at 60" day
postoperatively.

The ultrasonography images showed,
anechoic to hypoechoic area at the site of defect
and presence of swelling 30 days post operation
in first group (Figure 2), while in third group there
was no swelling at the site of operation, and wide
area of hypo to hyper echogenicity, 30 days
posttreatment (Figure 3), and in second group the
longitudinal ultrasonography of the SDFT
showed, clear area of hypo to hyper echogenicity
with the superiority of hyper echogenicity at the
site of the defect 30 days posttreatment (Figure
4). On the 60" day post operation the
ultrasonography showed, disappearance of
swelling with presence of limited anechoic area
in addition to hypo echogenicity in first group, 60
days post operation (Figure 5). In third group the
ultrasonography showed, hypo to hyper
echogenicity at the site of the defect 60 days
posttreatment (Figure 6). While in second group
the sonogram showed, hyper echogenicity at the
site of the defect at the same period (Figure 7).

At 120 days postoperatively in first group,
the ultrasonography images showed, hypo to
hyper echogenicity at the site of the defect (Figure
8), while in third group the resulted
ultrasonography images showed limited area of
hypo echogenicity, wide area of hyper
echogenicity and presence signs of tendon
regeneration which can be detected through the
tendon fibers alignment at the site of the defect
(Figure 9), also in second group at the same
period the ultrasonography images showed that
the tendon restore the normal architecture which
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noticed by the appearance of clear area, normal
echogenicity, and well fibers alignment at the site
of the defect (Figure 10).

In the present study, the result of growth
factors evaluation in serum to detect bFGF
showed no significant changes between the
values of the bFGF in all groups at 0 day (pre-
surgery). These results were used as a baseline for
the value of the bFGF in each group. In first group
there were decreased in the levels at 5" day, then
showed increased at both 15" and 30" day in
which reached to the peak, after that at 60" and
120" day it showed gradual decrease in the mean
values until reached near to the baseline before
surgery at 120" day.

On the 5" day postoperatively the result
of bFGF in the second group showed increased in
the value, and then appeared with gradual
decrease in both 15 and 30 days, while in 60 days
it reached to the peak which presented with more
than double of the baseline value. On 120 days
the value retracted toward the baseline. The
elevated of bFGF in first week of healing process,
possibly in response to the inflammation after
trauma, and as the healing progress, the
expression of bFGF declined rapidly after the first
week of healing, this might be due to the
inflammation which resolved at this time and then
increased again strongly, probably reflecting
remodeling and scar formation in the late stages
of tendon healing. These results agree with
Wurgler-Hauri et al., (15); Heisterbach et al., (16)
and Farnebo et al. (26).

The results of bFGF in the third group
showed gradual increase of the values from the 5"
day to the 30" day, these are due to the presence
of inflammatory cells at this time of healing, and
then bFGF decreased on both 60" and 120" day,
related to the decrease of the inflammatory cells.
These results come in agreement with Dean et al.,
(27) who found that local application of
hyaluronic acid causes release of endogenous
bFGF which resulting in faster cell proliferation
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during early stages of tendon healing and agree
with Chang and Hsu; Kobayashi et al., (28-29)
who showed that bFGF is upregulated in the
tendon wound environment, and upregulated in
tenocytes as well as in tendon sheath fibroblasts
and inflammatory cells. The results of bFGF in
the present study showed increased the value in
second group earlier than first group and third
group, suggesting that tendon derived hydrogel
has the ability to attract the inflammatory cells to
the site of the defect. This is parallel to the study
of Chen et al., (9).

VEGF is effective in stimulating
angiogenesis and increasing endothelial cell
proliferation and cell migration and increases
collagen deposition at tendon injury site (30-31).
Angiogenesis is important in both, tendon
degeneration in cases of impaired blood supply,
and in regeneration, for which the best possible
capillary permeability is desirable (32). The
activity of VEGF rises after the inflammatory
phase, especially during the proliferative and
remodeling phases (33).

In the present study, the result of growth
factors evaluation in serum to detect VEGF
showed no significant changes between the
values of the VEGF in all groups at 0 times (pre-
surgery). These results were used as a baseline for
the value of in each group. In first group the
results showed increased the mean values of
VEGF starting from 5" day (515 + 69.2) to 30"
day (843.0 + 138.5) in which reached to the peak
and then decreased at 60" and 120" day and
reached to the base line of the VEGF level
preoperatively. In second group showed slight
increase of the mean value on the 5" day (600.0
+ 132.4) postoperatively and reached to the peak
on the 30" day (781.4 + 105.8), then
downregulated toward the baseline from the 60"
to 120" day postoperatively. These results agree
with Boyer et al. (34); Petersen et al., (35); and
Lipman et al., (36) they found that VEGF
promotes angiogenesis in tendon healing; it is
most active during the proliferation and
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remodeling phases. The increases in VEGF after
the inflammatory phase, especially during the
proliferation and remodeling phases of tendon
healing, parallel to subsequent vascular ingrowth
from epitendinous and intratendinous blood
vessels toward the area of tendon injury. This
neovascularization serves to provide nutrients
and additional growth factors to the injured site.

The results of VEGF in third group
showed upregulation in the value at 5", 15", and
peaked on 30" day postoperatively, and then
downregulation appeared at 60 days to the end
time of experiment at 120 days. These results
agree with studies by Thomopoulos et al. (37)
who found an increase in vessel length and
density starting from third post-operative day,
which peaked at four weeks, and was followed by
a decrease in vessel density at six week on the
canine flexor tendon. Also comes in agreement
with study of Petersen et al., (35) who found that
increased expression of VEGF accompanied by a
high vascular density during the first 12 weeks of
tendon graft remodeling.

In the present study, the ultrasonography
of the normal SDFT was highly echogenic and
this result is similar to that found by Hans et al.,
(38) who verified that normal tendon tissue is
highly echogenic because of its composition of
longitudinally arranged densely packed structures
such as collagen fibrils. Sonogram assessment of
the surgical induced defect in SDFT in all groups
of the present study at 30" day postoperatively
revealed that the core lesion was characterized by
decreased or absence of normal tendon
echogenicity with complete loss of the normal
characteristic of longitudinal aligned fiber
pattern. The same findings were observed by the
study of Schramme et al., (39) and Zandim et al.,
(40). The changes observed within the core
lesions could be attributed to intratendinous
edema, hemorrhage, mechanical rupture of
tendon fibers and the action of inflammatory
exudate. The same findings were reported by
Zandim et al., (40).
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The longitudinal ultrasonographies of the
first group and third group resulted from this
study at 60" day postoperatively showed the
defect still existed with variable echogenicity at
the site of defect and presence of mixed echoic
density alongside the tendon structure. These
findings agreed with Roger and Smith (41). The
chronic pathology of the SDFT is characterized
by a heterogeneous pattern of variable amounts of
hypo echogenicity and hyper echogenicity. Poor
tendon border definition has been suggested to be
a sign of adhesions. While, at the same period in
the treated group with tendon derived hydrogel
the sonogram was showed, the presence of
hyperechoic areas at the site of the tendon defect,
which Indicates the improvement of tendon
echogenicity become faster in second group. This
finding comes in agreement with Nezih et al.,
(42) and Mostafa et al., (43). Improvement in
echogenicity and fiber alignment occurred during
tendon repair reflects the presence of immature
granulation tissue with active fibrogenesis and
collagen production associated with increased in
the acoustic density (43).

On 120" day post-operation, the
ultrasonographies showed the presence of
hypoechoic and hyperechoic regions alongside of
SDFT with echoic lines in first group. While, in
third group, the ultrasonography showed limited
area of hypo echogenicity, wide area of hyper
echogenicity and presence signs of tendon
regeneration which can be detected through the
tendon fibers alignment at the site of the defect.
While, the sonogram of second group were
showed, the tendon restore the normal
architecture which noticed by the appearance of
clear area of normal echogenicity, and well fibers
alignment at the site of the defect. These come in
agreement with the result of AL-Bayaty et al.,
(44) who found that ultrasonography of the
treated groups at 16 weeks showed infiltration of
more echogenic foci, increased echogenicity and
the fibers appeared more parallel and more
organized. Also the result of present study agrees
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with Zwingenberger et al., (45) who verified that
the healed tendon in the remodeling phase will be
normal to hyperechoic in appearance, narrowed,
reorganization or realignment of the tendon fibers
within the area of the injury. In addition, the
tendon sonogram at remodeling stage could not
be distinguished from normal tendons.

The progressive increasing of lesions
echogenicity, gradual fiber alignment observed in
the present study were considered as evidences of
better quality tendon repair as investigated by the
study of Bosch et al., (46) and Zuffova et al., (47).
They stated that improvement in echogenicity
and fiber alignment attributed to early granulation
formation, cellular proliferation and

differentiation, gradual arrangement of tendon
fibers bundle, and minimized scar tissue and
adhesions.

Conclusion

In conclusion, the results of this study
confirmed that there was synchronization
between the results of different parameters. They
were appeared that the tendons treated by TDH
compare to HA-treated and control groups have
best clinical appearance, well tendon tissues
architecture ultrasonography, less adhesion
macroscopically, highly vascularity and collagen
fibers alignment detected histopathologically
which supported by effective level of bFGF and
VEGF gene level.

Table (1): Shows the mean values of (bFGF) (pg/ml).

Group Period P-value
0 5 15 30 60 120

C 4556 + 4.01 41.75+12.43 52.52+21.23 | 63.51+13.54 49.81 + 6.86 43.37£2.42 0.020 "
b b

T 50.4 +£18.91 63.33 + 29.61 62.74 +28.64 | 54.73 +23.62 108.7 £ 24.6 51.02+10.96 a | 0.001**
a

H 43.06 +5.34 49.26 +3.81 51.30+10.37 | 62.28+8.58 46.05 +3.31 4433 £1.85 0.001 ™
b b

P-value 0.444 "s 0.064 "* 0.473 s 0.484 n* 0.001 ™ 0.010 ™

®0One way ANOVA were used to test between groups and periods. Least significant differences (LSD) were used to compare means. *(P<0.05),
** (P<0.01), NS: Non-significant. a,b = Means that do not share a letter vertically are significantly different between groups

Table (2): Shows the mean values of (VEGF) (pg/ml).

Group Period P-value
0 5 15 30 60 120

C 515 +69.2 692.7 £223.9 767.5+129.5 843.0 £ 138.5 764.73+£21.8 511.58 £ 9.86 0.001**
a

T 524.3+161.3 600.0 + 132.4 619.6 + 190.8 781.4 +105.8 553.0£ 71.2 530.5.5+48.4 0.004™
b

H 538.7 £97.3 703.9+74.8 751.4+104.1 893.5+132.2 801.8 + 108.8 545.6 + 68.2 0.032"
a

P-value 0.910" 0.319 s 0.082"s 0.190 s 0.001 ™ 0.704 "*

+7410

®One way ANOVA were used to test between groups and periods. Least significant differences (LSD) were used to compare means.
*(P<0.05), ** (P<0.01), NS: Non-significant. a,b= Means that do not share a letter vertically are significantly different between groups
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Figure (4): longitudinal ultrasonography of
the SDFT shows, clear area of hypo to
hyper echogenicity with the superiority of
hyper echogenicity (Arrow) in second
group, 30 days posttreatment

Figure (3): longitudinal ultrasonography
of the SDFT shows, no swelling at the site
of operation, no tendon fibers damage,
and wide area of hypo to hyper
echogenicity in third group, 30 days
posttreatment.

Figure (2): longitudinal ultrasonography
of the SDFT shows, swelling at the site of
operation due to fluid accumulation
(anechoic to hypoechoic) (arrow) in first
group, 30 days post operation

Figure (7): longitudinal ultrasonography of
the SDFT shows, hyper echogenicity at the
site of the defect in second group, 60 days
posttreatment.

Figure (6): longitudinal ultrasonography
of the SDFT shows, hypo to hyper
echogenicity at the site of the defect in
third group, 60 days posttreatment.

Figure (5): longitudinal ultrasonography of
the SDFT shows, disappearance of swelling
with presence of limited anechoic area in
addition to hypo echogenicity (Arrow) in
first group, 60 days post operation.

Figure (8): longitudinal ultrasonography of
the SDFT shows, hypo to hyper
echogenicity at the site of the defect
(Arrow) in first group, 120days post
operation.

Figure (9): longitudinal ultrasonography
of the SDFT shows, limited area of hypo
echogenicity and wide area of hyper
echogenicity and presence signs of tendon
regeneration which can be detected
through the tendon fibers alignment at the
site of the defect (Arrow) in third group,
120 days posttreatment.
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Figure (10): longitudinal ultrasonography
of the SDFT shows, the tendon restore the
normal architecture which noticed by the
appearance of clear area, normal
echogenicity, and well fibers alignment at
the site of the defect in second group, 120
days posttreatment
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