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ABSTRACT

Eight healthy male donkeys were used , they were divided into two groups (control and Bone Marrow treated
group) , were anesthetized with ( Ketamine3 mg/kg B.W and Xylazine 0.5 mg/kg B.W) administered
intravenously. The biopsies were taken from each group at 30 and 60 days postoperative for histopathological
examination. Histologically the tendon of control group was reveals vacuolated and slightly new blood vessels
and present oedema ,that is on 30 days , but on 60 days there was vacuolated tendon cells with infiltration
of inflammatory cells. In BM treated group we shows marked increase in neo blood vessels on 30 days which
become moderate on 60 days post operation, in the same time collagen bundles are increasing on 30 days, which
become regular and arranged in files on 60 days post operation.The sonography observation in control group
on 30 and 60 days showing moderate fluid in the SDFT and absence of normal fibers and short croppy
fibers. In BM group on 30 days the images indicates mild fluid in the SDFT with slower demonstrated
evidence of healing on ultrasound while on 60 days showibg corresponding longitudinal view fiber alignment
grade and also shows normal tendons and ligaments demonstrate a homogenecity echogenic. The conclusion,
that appear all results were recorded in BM group was the best from control group due to short time to
healing of SDFT because the functions and advantages of HA.
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INTRODUCTION have been used in treating several conditions (2).

The normal bone marrow has three primary In equine species, bone marrow (BM) is one of the

components: osseous matrix, red marrow, and most studied and used sources for obtaining adult

yellow marrow. The osseous components of the stem cells (3).

marrow are the trabeculae of cancellous bone,

which provide the supporting framework for the red Tendon healing is a slow process. The tendon has

Page9 6

and yellow marrow elements. The red or cellular
marrow is hematopoietically active, producing RBCs,
WBCs, and platelet precursors. Hematopoietically
inactive yellow marrow is composed of fat cells.
These two types of marrow differ in their chemical
composition (1).

Bone marrow has been found to be one of the
most reliable sources of adult stem cells and

low vascularity and is under tension during the
healing process. After the injury, the cellularity is
also not raised sufficiently to restore the
structure and function of the tendon. Therefore,
there is a need to increase the rate and quality
of tendon healing. Stem cell therapy is one of the
available options with encouraging results (4).
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The use of autologous mesenchymal cells from BM
to repair experimental injuries of tendons and
ligaments has been amply described in
experimental animals (5).

This study was conducted to evaluate the effects of
autologous BM on tendon regeneration of SDFT in
donkeys.

MATERIALS AND METHODS

A total of 8 donkeys of both sexes, age of 2—3years
with body weight of 70-130 kg (mean #SE ,weight
97.77 £ 8.11 kg), were used in this study. Donkeys
were purchased from different localities of Basra
city. These animals were examined clinically and by
ultrasonography to ensure that they present no
preexisting tendon damage and to exclude the
presence of any locomotor disorders. Animals were
kept at the Veterinary animal house, Basra
University, Irag, and were fed on a straw and bran;
they had free access to water. Two weeks before
doing of the experiment, all animals were
dewormed. During the entire experimental period,
all animals were kept under similar management
and feeding practices.

Study design

Donkeys were divided randomly into two groups
(each group four animals), one of them was used as
a control group, and tendons were tenectomized
and lifted for healing without applying any material
to serve as controls. While in second group as BM
treated group, the Bone marrow from tuber coaxe
of same donkey was put in the site of severed
tendon in the first treatment group.

Sedation was inducted via intravenous injection of
xylazine Hcl (at 0.5 mg/kg.) Then, the animals were

1JPBS |Volume 4| Issue 3 [JUL-SEPT[2014[96-108

generally anesthetized using the ketamine
hydrochloride at the dose (3 mg/kg) intravenously
administered into the jugular vein. (6).

The anesthetized animals were positioned in lateral
recumbency, with the limb selected for tenorrhaphy
uppermost and fixed in extension to obtain the
correct angle for the introduction of the
instruments. The metacarpal region of the limb was
aseptically prepared for surgery. A tourniquet was
placed above the carpus to minimize hemorrhage.

Surgical Procedure

In the control group, a 10-12-cm mid-metacarpal
linear skin incision was made over the plantar
aspect of the right forelimb, and the paratenon was
longitudinally incised for exposure of SDFT. Blunt
dissection was performed to separate the SDFT
from the deep digital flexor tendon. When this has
been achieved, curved artery forceps were inserted
under the superficial tendon to expose it. A stay
suture was done at the proximal side of the SDFT,
under the carpal joint, using nyoln thread No 2.0
(Daclon, S.M.I co) to prevent the tendon from
slipping upward and this was considered as the first
stitch of tenorrhaphy. The superficial digital flexor
tendon was then transverse cutting with the scalpel.
The cut ends of the tendon were approximated by
Bunnell-technique suture using nylon suture
material size 2.0, and Skin closure was accomplished
using silk suture material size 2.0 (silk, S.M.l
co.,Hunningen-Belgium) in a routine manner (Figure
1). The site of operation was casting with window,
removed after 30 days from operation in the last
two periods, while in the first period within 14 days
after operation for the removal of skin suture and
assessment of clinical parameters.
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Fig.1: SDFT tenorrhaphy(A) I/v injection of anesthetized material(B) Mid metatarsal incision including the
skin, s/c and paratenon(c) for exposure of the SDFT and curved artery forceps were inserted under the
superficial tendon to expose it,(C) A stay suture was done at the proximal side of the SDFT and this was
considered as the first stitch of tenorrhaphy,(D) The transverse cutting of SDFT with the scalpel , (E)The cut
ends of the tendon were approximated by Bunnell-telchnique suture using nylon, (F) Skin closure was

accomplished using silk suture material.

In autologous bone marrow treated group, the
same technique as that of the control was
performed, except the application of bone marrow
(2-3ml) to the sites of tendon anastomosis that was
taken from iliac bone of the same animal.

Postoperative care

Donkeys were confined in a stall rest for 4 weeks
and monitored daily for changes of clinical signs.
Broad-spectrum antibiotic represented by Penicillin-
streptomycin* (Eech one ml containe Procaine
penicillin 200gm , Dihydrostreptomycin suulphte
250 mg) in a F dose of 8 mg and 10 mg/Kg B.W.
was respectively administered intramuscularly for
seven days. Also OTC spray (oxytetracycline Hcl 4.2
gm , Gention violet 420 mg ).

Skin incisions were checked daily and final
evaluation was performed at the time of stitches
removal in (14) days postoperatively.

Abdulbari A.Alfarris* et al

Procedure for Bone Marrow aspiration from the
tuber coxae

of the skin
overlying the iliac crest was prepared for the

An approximate area of 10 cm

procedure by shaving and then using Povidone
antiseptic solution. A fenestrated drape was used
to protect the prepared surgical site from
contamination. The bony prominence of the iliac
crest was then palpated and a 1(cm) incision
was positioned on top of the bone. A surgical artery
clip was used to blunt-dissect the soft tissues
between the skin and the bone. The intramedullary
cavity of the iliac crest was penetrated with a
commercially available Jamshidi biopsy needle)
using constant pressure and a screwing motion.
Routinely, 2-3 mL of bone marrow was aspirated;
the aspirate was collected in a 20 ml syringe (Figure

2).

The needle in one hand and drive the needle into
the bone marrow, it was prefer to leave the sleeve
on the needle to avoid bending and to drive it with
the hub of needle in the palm of my hand for
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security and stability. Aspiration of bone marrow
and the first 2-3ml of marrow aspired from any
needle site provides the best opportunity to capture
the osteoprogenitor cells in their highest
concentration (2).

1JPBS [Volume 4] Issue 3 [JUL-SEPT[2014/96-108

This technique is used in autologous bone marrow
groups provide the amount of marrow which
should be put in sever tendon injury immediately to
prevent coagulation of the samples.

Fig. 2: Bone marrow aspiration (A) preparation of area,

(B) Aspiration of bone marrow from tuber coxae using Jamshidi needle and syringe 20 ml.

Histopathogical examination

The specimens were collected from the
anastomotic site of the tendon and slightly above
and lower to the site for a period of 30 and 60 days
postoperatively for three groups were immediately
fixed in 10% buffered formalin, routinely processed,
sectioned and stained with Hematoxylin and Eosin
(H&E) as well as Van gieson stain (Bancroft and
Gamble, 2008). A professional
+microscopically evaluated the vascularization,

pathologist

cellularity, collagen fibers alignment, inflammatory
cells and granulation tissues.

Ultrasonographic Evaluation

Ultrasonographic examinations of SDFT were
carried out just before the surgical interference, and
at 30 and 60 days postoperatively using 6.5 MHz
mechanical linear scanner (BMD-3000V, Biomed,
USA). For this purpose, donkeys were prepared by
clipping and shaving of the hair at the area that
needed to be examined. Scanning of the limb was
done from just distal to the carpal joint to the level
of the proximal sesamoid bones.

Ultrasound transmission gel was liberally applied at
the site to prevent air trapping between transducer
and the skin surface. Longitudinal and transverse
scans were obtained for the examined tendon at
each specific time point to observe the different

echogenic texture, fibers alignment as healing
indicators and any other soft tissue changes, if any.
RESULTS

Histological section on 30 days reveals vacuolated
with swelling of cells and slightly new blood vessels
and there is empty space of edema (Fig. 3 and 4).
On 60 days, there was vacuolated tendon cell with
infiltration of leukocyte and presence of fibroblast
as well as there is new blood vessels are formed
when staining with van Gieson (Fig.5 and 6).

In BM group, on 30 days, shows collagen fibers and
marked increase in neo blood vessels (Fig. 7, 8), but
in 60 days, there is moderate increase in neo blood
vessels and collagen fiber arranged in files (Fig, 9
and 10).

Utrasound image in control group, on 30 days,
showing the presence of moderate fluid in SDFT and
absence of normal fiber pattern, and short, croppy
fiber (Fig. 11) and the hole where the tendon fibers
are injured over time this area of fiber damage will
fill in fluid (Fig. 12). On 60 days, there is moderate
fluid and the large anechoic (black) area within the
SDFT (Fig. 13)and the black area is a core lesion are
a common section where the Centre of the tendon
has a visible hole. (Fig. 14)
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The bone marrow group, on 30 days, the Ultrasound
image indicates mild fluid in the SDFT (Red), with
slower to demonstrate evidence of healing on
ultrasound (Fig. 15 and 16). On 60 days, there is
corresponding longitudinal view fiber alignment

grade (Fig.17) showing normal tendons and

1JPBS [Volume 4] Issue 3 [JUL-SEPT|201496-108

ligaments demonstrate a homogenecity echogenic
(evenly white) appearance on ultrasound when
viewed on cross-section) fiber pattern is evaluated
by placing the transducer parallel to the tendon

ligament fiber (Fig. 18)

\

Fig. 3: Histopathlogical section in the SDFT of control group at 30 days postoperatively showing
(A) Edema, (B) collagen fiber (Van-Gieson stains 10 X).

Fig. 4: Histopathlogical section in the SDFT of control group at 30 days postoeratively showing, (A)
edematous fluid (H&E stains 10 X).
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Fig. 5: Histopathlogical section in the SDFT of control group at 60 days post-surgery
(A) leuckocyte, (B) fibroblast, (C) collagen fiber (Van-Gieson stains 40 X)

Fig. 6: Histopathlogical section in the SDFT of control group at 60 days postperatively showing
(A) collagen fiber, (B) fibroblaste (H &E stains 40 X).
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Fig. 7: Histopathological section in the SDFT of the bone marrow treated group at 30 days postoperatively
showing (A) collagen fibers (B) marked increase in neo blood vessels (Van-Gieson stains X10)

Fig. 8: Histopathological section in the SDFT of the bone marrow treated group at 30 days postoperatively

showing (A) marked increase in neo blood vessels, (B) collagen fiber (Van-Gieson stains X40)
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Fig. 9: Histopathological section in the SDFT of the bone marrow treated group at 60 days postoperatively
showing (A) moderate number of blood vessels (B) collagen fiber arranged in files (H&E stains X10)
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Fig. 10: Histopathological section in the SDFT of the bone marrow treated group at 60 days postoperatively

showing (A) blood vessels, (B) fibrosis (Van-Gieson stains X10)
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Fig. 11: Ultrasound longitudinal image for the tendons of control group at 30 post operatively showing the
presence of marked fluid in SDFT and absence of normal fiber pattern, and short, croppy fiber.
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Fig. 12: Cross section of tendons of control group at 30 days post operatively indicates the hole where the
tendon fibers are injured (Red),over time this area of fiber damage will fill in fluid (A).
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Fig. 13: Ultrasound longitudinal image for the tendons of control group at 60 days post operatively indicates
moderate fluid and the large anechoic (black) area within the SDFT (Red).core lesion (A).
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Fig. 14: Cross section of tendons of control group at 60 days post operatively indicates, the black area is core lesions area
common section where the Centre of the tendon has a visible hole (Red).
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Fig. 15: Ultrasound longitudinal image for the tendons of bone marrow treated group at 30 days post operatively
indicates, lesion in a tendon will appear darker (Red), with slower to demonstrate evidence of healing on ultrasound.
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Fig. 16: Cross section of tendons of bone marrow treated group at 30 days post operatively indicates mild fluid in the SDFT

(Red), with slower to demonstrate evidence of healing on ultrasound.
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Fig. 17: Ultrasound longitudinal image for the tendons of bone marrow treated group at 60 days post operatively

indicates corresponding longitudinal view fiber alignment grade.
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Fig. 18: Cross section of tendons of bone marrow treated group at 60 days post operatively showing normal tendons and
ligaments demonstrate a homogenecity echogenic ( evenly white) appearance on ultrasound when viewed on cross-
section) fiber pattern is evaluated by placing the transducer parallel to the tendon ligament fiber.

DISCUSSION
The
concerning histological analysis of the tendon show

results obtained in the present study
a slight increase in vascularization in control group
and marked increase in BM group.

The neovasscularization is important in tendon
healing and when it comes to wound healing, it is
crucial to have enough angiogenesis because
without the restoration of blood flow, oxygen and
nutrients cannot be delivered to the healing site.
This agrees with (8).

Vasculogenesis differs from angiogenesis, where
preexisting and fully differentiated endothelial cells
(ECs) respond to angiogenic growth factors (vascular
endothelial growth factor (VEGF), fibroblast growth

factor-1 (FGF-1), and fibroblast growth factor-2

Abdulbari A.Alfarris* et al

(FGF-2)) and form new blood vessels form
preexisting blood vessels.

In animals models of ischemia, in Vvitro
differentiated endothelial progenitor cells are

incorporated into sites of active neovasculogenesis
in ischemic tissue, leading to improved perfusion
when transplanted after the induction of ischemia,
that may be agrees with (9).

We that
degenerative process during the first phase of

believe reduced inflammation and
tendon healing have improved angiogenesis in
response to BM administration. This consequently
resulted in optimal healing.

Bone marrow derived cells are involved in healing in
several fibrotic conditions, this agrees with (10,

11). More specifically, bone marrow can produce
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fibroblasts that migrate to the site of injury in
fibrotic
implantation and excisional wounds in the skin.

conditions including  both  cancer
Bone marrow derived fibroblasts are also able to
produce type 1 collagen, further supporting a role
for these cells in fibrosis, this agrees with (12).

In sonography evaluation, the results of healing the
SDFT by detect fine textural abnormalities of these
structure and also recorded dynamic evaluation of
structures the artifacts that may be mimic tendon,
injury and tendon disorder tears or tendonitis as
well as tenosynovitis, that these results appear in
our study and agree with (13).

Our study in the BM group indicates mild fluid in the
SDFT with slower to demonstrate evidence of
healing on ultrasound at 30 days post-surgery.
While at 60 days we show corresponding
longitudinal view fiber alignment, grade also
showing normal tendons and ligaments
demonstrate a homogeneity echogenic (evenly
white). This agrees with (14) who indicate the tissue
microenvironments appear to be able to induce cell
differentiation and fiber production, as revealed
using ultrasound scanning. The correct orientation
of fibers strongly suggests that microenvironment
and lines of tension and relaxation determine
correct tissue morphology.

Our results disagree with (15) they indicate no
differences in  ultrasonographic  parameters
between BMMSC treated tendons and their
respective controls were found during the 8-week
healing period posttreatment despite significant
improvement in histologic evaluation in the MSC
and AdIGF-MSC-treated tendons at the termination

of the study.
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