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Abstract: This study aimed to perform the “tie-in” osteosynthesis technique using an intramedullary threaded pin for the treatment of
diaphyseal humeral, tibial, and femoral fractures in dogs, thus minimizing rotational movements and strengthening stabilization, particularly
in distal diaphyseal fractures. The study included 16 fracture cases involving 14 dogs of various breeds and sexes, aged 3-12 months, and
diagnosed with diaphyseal humeral, tibial, and femoral fractures. Depending on the size of the case, ©2-4 mm-threaded Steinmann pins
were preferred for use in intramedullary pinning and ©@2-4 mm-threadless Steinmann pins were placed transversal for fixation. Acrylic,
rod, or fiberglass plaster was used to attach the inserted pins. Fusion was formed in all except two cases. Consequently, the animals could
use their relevant extremities without issues during the first 3 days following the operation, but from day 3 until day 15, the animals were
reluctant to use their relevant extremities. After day 15, the animals could use their extremities without difficulty. The external fixator
components used in fracture fixation were entirely removed after 5-7 (mean 6) weeks. In the functional evaluation, the conditions were
very good in nine cases, good in four, moderate in one, and poor in two. The results reveal that the use of threaded pins in intramedullary
pinning, the first step of the tie-in method, provides good stabilization in fracture treatment, especially in distal diaphyseal fractures.
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Kopeklerde Diyafizer Humerus, Tibia ve Femur Kiriklarinda intramediiller
Yivli Pin ile Tie-in Osteosentezin Klinik ve Radyolojik Olarak Degerlendirilmesi

Oz: Bu ¢alisma ile kopeklerde diyafizer humerus, tibia ve femur kiriklarinin sagaltimi igin “tie-in” osteosentez tekniginin intramediiller yivli
pin ile gergeklestirilmesi, bu sayede rotasyonel hareketlerin minimuma indirilmesi, 6zellikle distal diyafizer kiriklarda stabilizasyonun daha
gliclil hale getirilmesi amaglanmistir. Diyafizer humerus, tibia ve femur kirig1 tanisi konulan, yaslar1 3 aylik ile 12 aylik arasinda degisen
farklr 1rk ve cinsiyete sahip 14 kopege ait 16 kirik olgusu ¢aligmaya dahil edildi. Fiksasyonda olgunun biiyiikliigiine gore intramediiller
pinleme i¢in @2-4 mm yivli Steinmann pinler ile transversal olarak yerlestirilecek olan ©@2-4 mm yivsiz Steinmann pinler tercih edildi.
Yerlestirilen pinleri birlestirmek icin akrilik, rot veya fiberglas al¢1 kullanildi. Olgularin 2’si hari¢ tiim olgularda kaynama sekillendi.
Olgularin tamaminda operasyon sonrasi ilk 3 giin ilgili ekstremitelerini kullanmada herhangi bir problem olmadig fakat, 3. giinden sonra
15. giine kadar hastalarin ilgili ekstremitelerini kullanmada isteksiz oldugu, 15. giinden sonra ise hayvanlarin ekstremitelerini sorunsuz
olarak kullandiklar1 6grenildi. Kirik fiksasyonunda kullanilan eksternal fiksator bilesenleri 5-7 (ort. 6) hafta sonra tamamen uzaklagtirildi.
Fonksiyonel degerlendirmede olgularin 9’unda ¢ok iyi, 4tinde iyi, I’inde orta ve 2’sinde ise zayif olarak degerlendirildi. Sonug olarak, kirik
sagaltiminda iyi bir stabilizasyon saglayan tie-in yonteminin ilk asamasi olan intramediiller pinlemede yivli pin kullaniminin stabilizasyonu
gliclendirdigi ve ozellikle distal diyafizer kiriklarda iyi bir stabilizasyon sagladig: ortaya konulmugtur.

Anahtar sozciikler: Diyafizer kirik, Kopek, Femur, Humerus, Tibia, Tie-in osteosentez

INTRODUCTION Fractures resulting from various traumas occur most

frequently following traffic accidents ©°\. Implants such as
Although humeral fractures in dogs are uncommon %,  intramedullary pins, bone plates, screws, external fixators,
tibial and femoral fractures are frequently encountered **.  and cerclage wire are widely used to treat long-bone
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fractures !*°l. Fracture treatment may vary according
to factors such as the animals’ characteristics, fracture
type, lesions associated with the fracture, operator ability,
and cost. Thus, the advantages of the chosen technique
should be maximized and the disadvantages kept at a
minimum ™,

Intramedullary pining is the fixation technique most
often utilized for treating long-bone fractures. While
it is a simple and practical technique, it does have some
disadvantages, including pin migration, infection, and
an inability to resist the bone’s rotational strength.
Thus, combining a unilateral external fixator with an
intramedullary pin is a widely employed procedure in
preventing these complications "%,

The “tie-in” technique, which allows the early use of
the extremity with good stabilization, is an easy-to-
apply minimally invasive technique that causes minimal
damage to growth plates and endosteal vascularization
owing to the use of intramedullary small diameter pins
and is compatible with bone growth and is an easy-to-
apply minimally invasive technique that causes minimal
damage to growth plates and endosteal vascularization 1.
However, drawbacks have been observed, such as pin
migration, rotational movement of bone fragments following
intramedullary pinning, which is the first stage of the
procedure, and appearance of serosanguineous discharge
in the proximal part of the pin as a result of these
movements [>*°13),

This study aimed to use an intramedullary threaded pin
to conduct the “tie-in” osteosynthesis approach for the
treatment of diaphyseal humeral, tibial, and femoral
fractures in dogs, reducing rotational motions and
improving stabilization, especially in distal diaphyseal
fractures.

MATERIAL AND METHODS

Ethical Approval

This study obtained approval from the Animal Experiments
Local Ethics Committee of Kafkas University (Approval
number: KAU-HADYEK/2021-168). In addition, an
“informed consent form” was obtained from the owner of
each animal.

Case Selection

The study included 16 fracture cases involving 14 dogs of
various breeds and sexes, aged 3-12 months, who were
brought to the Animal Hospital of the Faculty of Veterinary
Medicine of Kafkas University, with the complaint of
lameness because of a traffic accident or other traumas
and diagnosed with fractures in the diaphyseal humerus,
tibia, and femur (Table 1).

Animals that presented with complaints of lameness because

of traffic accidents or other traumas were subjected to
systematic general examinations. Animals with acute trauma
were assessed for bleeding and diaphragm rupture. The
fracture was then inspected and palpated. For a definitive
diagnosis, mediolateral and craniocaudal radiographs
of the affected extremity of each dog were taken. After
determining the fracture’s anatomical location and shape,
it was prepared for operation.

Surgical Equipment

Depending on the size of the case, ?¥2-4 mm-threaded
Steinmann pins (Safir®, Antalya/Turkey) were preferred
for use in intramedullary pinning, and ©@2-4 mm non-
threaded Steinmann pins (Safir®, Antalya/Turkey) were
placed transversely for fixation. Acrylic, rod, or fiberglass
plaster (Optima Cast®, Coin Enterprise Co. Ltd, ABD) was
used to attach the inserted pins.

Surgical Procedure

Cefazolin, 30 mg/kg, IM (Cezol, Deva®, Istanbul), was
administered to the animals 0.5-1 h before surgery.
Following the shaving and cleaning of the relevant
extremities, the area was prepared for aseptic surgery.
Following sedation with 0.2 mg/kg xylazine HCI (Rompun®
2%, Bayer, Istanbul) intramuscularly and induction
with 5 mg/kg ketamine HCI (Ketakontrol®, Doga Ilag,
Istanbul) intravenously, the procedure was performed
under inhalation anesthesia with a 2% concentration of
isoflurane (Forane, AbbVie®, Istanbul).

To access the fracture site, the lateral approach to the
femur, craniolateral approach to the humerus, and medial
approach to the tibia were preferred. Following the
exposure of the fracture fragments, a threaded Steinman
pin with a diameter of 2-4 mm and a length of 25-30
cm was introduced retrogradely into the intramedullary
cavity, not exceeding 40%-50% of the bone diameter.
After the anatomical bone alignment, 1 or 2 Steinman
pins in diameters suitable for the proximal and distal
fracture fragments were placed unilaterally (type I)
enough to pass the opposing cortex and perpendicular to
the long axis of the bone, taking into account the shape
of the fracture, anatomical location, and animal’s weight.
Control radiographs were taken thereafter, and the
operation opening was closed using the standard manner.
The exterior pin ends were connected with acrylic, rod
systems, or fiberglass plaster, considering the weight of the
dogs. The pin tips were secured with the chosen fixation
material, and the process was completed by securing the
pins root with 10% povidone-iodine (Fig. 1).

Radioulnar fractures were found in two animals with
femoral fractures. Apart from the tie-in configuration
technique, various fixation methods (plate osteosynthesis)
were used to treat the radioulnar fractures.
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Table 1. Preoperative and postoperative results of 14 patients which underwent intramedullary threaded pin tie-in configuration

5-months-old, Male, Mix
Breed, 8 kg

3-months-old, Female, Mix
breed, 8 kg

12-months-old, Male, Mix
breed, 25 kg

5-months-old, Male, Mix
breed, 16 kg

8.5-months-old, Male, Mix
breed, 15 kg

8-months-old, Male, Mix
Breed, 32 kg

Diaphyseal, oblique,
femoral fracture

Diaphyseal, transversal,
bilateral, femoral fracture

Diaphyseal, oblique,
femoral fracture

Diaphyseal, transversal,
tibial fracture

Distal diaphyseal,
transversal, tibial fracture

Diaphyseal, segmental,
femoral fracture

Diaphyseal, oblique,
humeral fracture

1 IM threaded pin (2
mm), 1 (DF) (2 mm)

1 IM threaded pin (2
mm), 1 (DF) (2 mm)

1 IM threaded pin (3
mm), 2 (DF) (3 mm)

1 IM threaded pin (3
mm), 2 (DF) (3 mm)

1 IM threaded pin (3
mm), 1 (DF) (3 mm)

5.5-months-old, Female,
Kangal dog,24 kg

1 IM threaded pin (4
mm), 2 (DF) (3 mm)

1 IM threaded pin (4
mm), 2 (DF) (3 mm)

mm), 1 (PF) (2

None None Excellent

mm), 2 (PF) (2

None None Excellent/Good

mm), 2 (PF) (3 Transversal pin

None - Poor
migration

mm), 1 (PF) (3 Radius-Ulna Fracture/

Plate osteosynthesis

Hypertrophic
callus

mm), 2 (PF) (2

None None Excellent

mm), 2 (PF) (4 None Tr.anSVf:rsa.l pin | oo
migration

mm), 2 (PF) (4

None None Excellent

PF: Proksimal fragment, DF: Distal fragment, IM: Intramedullary

Fig 1. Fixation of postoperative “tie-in” external fixator components

Postoperative Care and Follow-up of Cases

Animals were admitted to the hospital for 48-72 h and
received daily antibiotic treatment, pain management, and
postoperative care. The animals’ owners were informed
aboutkeeping the animalsin anarrowareabefore discharge
and daily cleaning of the pin bottoms with povidone-
iodine (10%). In addition, antibiotics (cefazolin, 30 mg/
kg, IM, Deva, Istanbul) were administered for 7 days
and meloxicam (0.2 mg/kg/day, SC, Bavet Meloxicam,
Bavet®, Istanbul) for 3 days for pain control. Clinical and
radiological evaluations were made for control at intervals
of 2 or 3 weeks postoperatively.

Taking into mind the healing tables, the pins were totally
removed after 5-7 (average 6) weeks.

According to Yardimci et al.l¥), recovery was graded based
on relative measurements such as the animal’s readiness
to use the operated limb, degree of weight-bearing, and
presence of resistance to flexion/extension of the shoulder,
elbow, hip, and knee joints. Accordingly, the findings were
marked as excellent (no visible lameness, full weight
bearing, functional use of the operated limb, and no
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palpable pain), good (obvious full weight bearing, no
obvious lameness during gait but mild lameness following
strenuous exercise, and no palpable pain), moderate
(marked lameness but consistent weight bearing, and
apparent resistance to flexion and extension), and weak
(no limb use, non-weight-bearing lameness, resistance,
and pain in flexion and extension). The last clinical
evaluation was conducted for control within 1-2 months
after pin removal. All evaluations were completed by an
academic who was not a member of the research team.

RESULTS

In this study, the dogs were 3-12 months old (6.36+2.89
months). Femoral fractures were found in eight of the
animals (unilateral in 6 cases and bilateral in 2), humeral
fractures in 3, and tibial fractures in 3 (Table 1). Acrylic
plaster for dogs weighing <20 kg (n = 8), rod system for
dogs weighing 20-30 kg (n = 3), and fiberglass plaster for
dogs weighing >30 kg (n = 3) gave sufficient stabilization
in pin fixation to join the outside pin ends, without any
complications. In only one case, the owner reported that
the animal broke the acrylic on postoperative day 2 (case
4). The animal was immediately brought to the clinic,
and the fixation procedure was renewed with fiberglass
plaster. In all cases, the use of the relevant extremities
was not difficult in the first 3 days after the operation.
However, from days 3-15, the animals were cautious to
use their respective extremities when pressing the ground,
either reluctantly or not at all, and after day 15, the animals
used their extremities without any difficulty. The recovery
of animals with humeral fractures (n = 3) was uneventful
and without any complications. One of these animals
(case 2) had radial paralysis in addition to the fracture in
clinical examination. In this case, the paralysis resolved
spontaneously during the fracture healing process, and
the animal exhibited a normal gait. It was learned from
the owner that no clinical problem occurred in this case
until day 15, while 2 of 3 cases with tibial fractures were
fully healed. However, when X-ray images were taken on
days 21 and 35, a hypertrophic callus had formed on the
fracture line (Fig. 2). When the owner was asked whether

they followed the recommendations for confinement,
they permitted the animal to move freely because it has
no walking difficulties. Despite the formation of overflow
callus, the animal could use the relevant extremity with
ease. Moreover, 6 of the 8 dogs with femoral fractures (6
unilateral and 2 bilateral fractures) had an uncomplicated
recovery, while in two dogs (cases 5 and 11,) a complete
recovery was not achieved because the owners were
following the confinement recommendations, which
results in the protrusion of the transversal pins. The
external fixator was removed, and stabilization was
accomplished with the plate in these two dogs that could
not fully heal.

Fig 2. Radiograph on postoperative day 35 of case 7. Hypertrophic callus

formed in the tibia

Fig 3. A- Preoperative radiograph of a diaphyseal long oblique femoral fracture, B- Immediate postoperative radiograph, C- Radiograph on
postoperative day 35, D- Radiograph on postoperative day 40
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Fig 4. A- Preoperative radiograph of a case of distal diaphyseal short oblique humeral fracture, B- Immediate postoperative radiograph, C-
Radiograph on postoperative day 35, D- Radiograph on day 35 after the removal of the postoperative tie-in components

Table 1 summarizes the clinical findings and recovery status
of the cases.

In many cases, seroma formation at the entrance of
the intramedullary pin was noted to be limited or
insignificant. No major pin infection was observed in
the transversally placed pins. Except for three cases that
developed complications, all other cases healed without
issues (Fig. 3, Fig. 4). Following the pin removal, the owners
were followed up for 1-2 months to obtain information
about the condition of the animals, and they did not have
any complaints.

Di1sCcUSSION

Although femoral and tibial fractures are prevalent,
especially in dogs in the developmental period !>
humeral fractures are the least common long-bone
fractures !"l. The majority of fractures occur following
trauma sustained in traffic accidents. Especially, in animals
brought due to a complaint of trauma-related fractures,
conditions such as nerve damage, internal bleeding,
rupture of the diaphragm, and fractures in more than one
bone may occur % In this study, the fractures occurred
in dogs aged <12 months. This may be related to the
fact that animals are in a more active stage of their lives
and in the early phases of bone development. Although
various traumas effectively result in fractures, fractures
in the majority of our cases were formed following traffic
accidents. Given the extent to which the body is damaged
in motor vehicle accidents, lesion formation in more
than one bone is possible. While bilateral femoral fractures
were observed in two of the cases, one involved an
ipsilateral radioulnar fracture in tandem with a tibial
fracture and another involved a femoral fracture. Radial
paralysis was observed in the clinical examination of
only one animal with a humeral fracture, but no signs of
paralysis were found following the operation. One could
argue that paralysis occurs as a result of the pressure

exerted by fracture fragments, which subsides with fracture
fixation.

Many fixation methods are used in the treatment of
humeral, femoral, and tibial fractures, including Thomas
splint, bandage, intramedullary pin, plate osteosynthesis,
and external fixator components >°¥1. However, each of
these strategies has several advantages and disadvantages
over one another. Because closed reduction is not possible
due to the strong muscles around the femur and humerus,
closed reduction (bandage, etc.) is not very suitable
for fractures of these bones !"*l. Intramedullary pining
is the most commonly used fixation technique for the
treatment of long-bone fractures. Although it is a simple
and practical technique, it has many disadvantages, such
as pin migration, infection, and inability to resist the
rotational force of the bone I#. To avoid these problems,
fixation with plates is more preferred today ['°\. However,
one of the disadvantages of bone plates is that they
must be removed by an invasive surgical operation .
Although external fixator systems (semicircular-circular)
provide adequate stabilization in fracture treatment, the
unsuitable anatomical structure of the relevant regions
prevents their use in fractures of these bones, especially in
the approach to humeral and femoral fractures. As a result,
a unilateral (type I) exoskeleton fixator is an easy approach
to the fracture, minimally invasive, easily intervenable in
emergencies, does not require an operation to remove it
from the implanted bone after healing, can resist rotational
forces, and is an intramedullary pin 73, After weighing
the advantages and disadvantages of each fixation method,
our study determined that the tie-in method, which has
some advantages in humeral, femoral, and tibial fractures,
was preferred. In our study, a threaded pin was used in
intramedullary pinning, the first step of the tie-in method;
thus, the fragment rotation that may result from the pin
was neutralized.

Intramedullary and externally implanted pins are commonly
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combined using acrylic or metallic rod and a rod system
consisting of connection clips when employing the tie-in
configuration technique “**°l. However, clip loosening,
shape of the intramedullary pin, and migration have been
reported as problems resulting in the loss of stability 22",
In our investigation, fiberglass plaster was employed
to combine intramedullary and externally implanted
pins in addition to acrylic and rod systems. One of the
animals shattered the acrylic, and no further complications
were found. The animal has a nervous temperament,
and stress factors have a role in this situation. Although
a few issues were associated with the fixation apparatus,
the most appropriate equipment should be chosen based
on the animal’s movement, temperament, and weight
during the joining process. According to our experience,
fiberglass plaster provides good stabilization among
the materials used for joining pins because of its low cost
and mechanical strength that can withstand excessive
stress, especially in large animals. On the contrary, acrylic
is a better choice for small animals, as a lighter material.

In fracture fixation, the tie-in method has several
advantages over alternative methods. The interlocking of
the connection apparatus and pins is the most essential
characteristic of this system, as it prevents the loosening
and migration of the transversal and intramedullary
pins .. However, difficulties have been documented in
several investigations, particularly in intramedullary
pin migration and discharge at the proximal ends of
the intramedullary pin 2*'22 In this investigation,
no loosening, pin migration, or a significant infection
that could be precipitated by these issues were observed
in any of the cases because the intramedullary pin is
threaded, unlike the traditional tie-in procedure. However,
in many animals, this investigation showed limited or
insignificant seroma production at the pin insertion
site, as reported by all investigators. Furthermore, the
intramedullary threaded pins used have screw quality
and provide greater stabilization in distal diaphyseal
or proximal diaphyseal fractures. As the diameter of
the intramedullary pin in the tie-in method should
not be more than 40%-50% of the bone diameter, it is
reasonable to conclude that the use of threaded pins will
eliminate many issues and contribute significantly to the
advancement of the tie-in system.

The primary purpose of fracture fixation is to promote
rapid bone healing and early postoperative ambulation
to encourage the animals to use functional extremities 2.
The animals did not have any difficulty using the relevant
extremities in the first 3 days after the surgeries are
performed using the tie-in technique, and they could
easily perform their usual activities **\. In our study, the
animals could use their respective extremities within the
tirst 3 days after surgery. However, after day 3, some of

the animals were not using the relevant extremity and
were hesitant to bear weight. After postoperative day 15,
they were able to use their extremities without difficulty.
During this time, the animals were monitored to observe
the occurrence of muscular function loss, and no
complications were found. Because of the medicines given
for the first 3 days, we can claim that the animals could
utilize their extremities with ease. Furthermore, in this
scenario, pain stimulation by the influence of numerous
mediators in the biological process in the early phases of
soft tissue and fracture repair is also effective.

After appropriate stabilization, careful care (particularly
at the root of the pin) and feeding, and restriction of
motions, fracture healing is usually completed within 28-
35 days at the earliest. However, animal size, fractured
bone, fracture shape, and other factors can influence the
duration of fracture healing ***. According to McCartney
et al.l¥l) the apparatus should be removed between 6
and 8 weeks in animals aged <1 year and between 8 and
10 weeks in animals aged >1 year. Popkov et al.®) used
Ilizarov ESF and intramedullary pins in dogs with
experimental fractures and closed growth plates aged 1-5
years, and they found that on postoperative day 28, all
fractures were entirely consolidated. Excessive mobility
and restriction recommendations in young animals
during the recovery phase can result in complications such
as transversal pin migration, overflow callus, and late
union ¥, In our study, the connecting devices were
removed after an average of 5-7 (mean 6) weeks. In
the cases, no evidence of substantial pin-to-bottom
infection occurred. One animal with a tibial fracture
had hypertrophic callus, while two animals with femoral
fractures experienced transversal pin migration. Excessive
straining of the muscles in the fracture area during
movement produces aberrant callus production, which is
a well-known condition in dogs. According to the experts,
the inability to follow the motion restriction rules and
excessive activity are the key factors in these cases.

Many treatment options are available for long-bone
fractures in dogs. However, it may not be always clear
as to which option the operator will implement. Factors
such as the anatomical location of the fractured bone,
fracture shape, animal weight, physician skill, and cost
are effective in determining the appropriate technique.
Therefore, obviously, the low-cost minimally invasive tie-
in configuration technique, which is an easy approach
to fractures, can be adapted to any fracture shape, puts
equal load on the fracture line, prevents rotation, and is
extremely useful.

In this study on the fixation of long-bone fractures in dogs,
the tie-in configuration technique using intramedullary
threaded pins had a lower complication rate and clinically
satisfactory results.
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