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Abstract

In this study, a combination of interlocking nailing and uniplanar bilateral acyrlic external
fixators has been used in the treatment of dogs with diaphyseal tibial fractures. Via this method,
it is both aimed to prevent possible implant failures due to the potential of high stress
accumulation in the distal and proximal parts because of the design of interlocking pins and
also is aimed to reduce the risk of functional recovery losses due to instability caused by
torsional and bending forces because of weight bearing in the postoperative period. The study
material involves 6 dogs. Each case was treated using 6 mm interlocking pins of various
lengths and 2-2.5 mm half and full Steinmann pins. Radiographs were taken on the
postoperative 10th, 30th, 45th days and clinical follow-up period was ended on 45th day.
However, postoperative follow-up period of case no 5 has continued until day 58 due to
infection. As an alternative to intramedullary nailing, interlocking pins has resulted in success
when combined with external fixators. Interlocking pin and acrylic external fixation

Received 12 October 2019
Received in revised form 3 March 2020
Accepted 18 June 2020

Anahtar kelimeler:
Acrylic external fixator, interlocking
nailing, tibia, osteosynthesis

Cite this article: Sen | (2020) Treatment
of Tibial Fractures with the Use of
Interlocking Nail and Acrylic External
Fixator Combination in Dogs. Turk Vet J,
2(1):1-6.

combination technige can be considered as an alternative method as it prevents instability that
can be caused by using only interlocking nailing, and as it provides a rapid healing.

Képeklerde Karsilasilan Tibia Kiriklarimin Interlocking Pin ve Akrilik Eksternal Fiksator Kombinasyonu ile Sagaltim:
Ozet

Bu ¢alismada, kipeklerde meydana gelen diyafizer tibia kiriklarimin sagaltiminda interlocking pin ve uniplanar bilateral akrilik
eksternal fiksatorlerin kombinasyonu kullanilarak, interlocking pinlerin dizaynindan dolay:, pinin distal ve proksimalinde yiiksek
stres biriktirme potansiyelinden dolay: olusmas: muhtemel implant hatalarinin oniine gegmek ve postoperatif erken donemde ilgili
ekstremiteye agirlik verilmesiyle olusan torsiyonel ve biikiilme kuvvetlerinin yol actig: instabiliteye bagli olarak fonksiyonel iyilesme
kayplarimin olugma riskini azaltmak amaglandi. Calisma materyalini, travma sonrasi, ilgili arka ekstremitesini kullanamama
sikayetiyle getirilen, yapilan Klinik ve radyolojik muayeneler sonrasinda tibiasinda kirik tespit edilen 6 kopek olusturdu. Sagaltim i¢in
farkli uzunluklarda 6 mm ¢apinda interlocking pinler, 2 ve 2,5 mm ¢apinda yarim ve tam pin olarak Steinmann pinleri, akrilik ve
icine enjekte edilip akrilige sekil verebilmesi icin 9 mm endotracheal tipler kullanildi. Postoperatif 10., 30., ve 45. giinlerde
radyografiler alind:, klinik takip szireci 45. giinde sona erdirildi. Ancak olgu no 5’in postoperatif takip siiresi, gelisen enfeksiyondan
dolay, 58. giine kadar devam etti. Intramedullar pin uygulamalarina alternatif olusturan interlocking pin ile sagaltim teknigi,
eksternal fiksatorlerle kombine edilerek kullanildiginda basarili sonuglar vermigtir. Interlocking pin ve akrilik eksternal fiksator
kombinasyonu ile sagaltim teknigi, interlocking pin ile sagaltim tekniginin tek baswma kullanilmasindan dolayr olusabilecek
instabilitenin oniine gegilmesi ve iyilesmenin hizli bir sekilde saglanmast agisindan alternatif bir tedavi yontemi olarak diisiiniilebilir.

Anahtar kelimeler: Akrilik eksternal fiksator, interlocking ¢ivileme, tibia, osteosentez.

Introduction

stability and a balanced preservation of the
surrounding soft tissues. External fixator and
interlocking nails can also be used in biological
osteosynthesis applications (Goett et al., 2007,
Piorek et al., 2012).

Interlocking nailing is an internal fixation method
which is used especially in diaphyseal fractures of
long bones. In this method, pin is placed to the
medullary canal and fixed to the bone with screws

Tibial fractures are frequently observed within dogs.
These fractures have a rate of 20% among long bone
fracture cases that are noticed in dogs.
Approximately 73% of all tibial fractures are in the
form of diaphyseal fractures (Van der Elst et al.,
1999). Biological osteosynthesis methods are
applied quite often in tibial fractures. The aim of
biological osteosynthesis, particularly in segmental
fractures of long bones, is to maintain mechanical
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passing through proximal and distal holes which are
placed on the pin (McLaughlin, 1999; Duhautois,
2003).

Interlocking pin stabilization technique has been
used for rectification of angulations which are
caused by the fractures of the bone in rotational and
longitudinal direction in the treatment of
comminuted and long spiral fractures and bone loss.
It can be said that, when this technique is compared
with conventional nonlocked intramedullary nailing
methods, it reduced the risks of infection, non-union
and malunion risks. In addition, it is also superior
considering short hospitalization and rehabilitation
periods (Bhat et al., 2006).

Interlocking pins are in various lengths and
diameters. Their both ends have holes which the
screws pass through. ldeally, the cortex of the
affected bone should support two screws that will be
applied both proximally and distally. The distance
of the screws and fracture line should be at least 2
cm to prevent excessive force applied on the pin.
The weakest feature of interlocking pins are the
screw holes (Fossum, 2013).

Although interlocking nailing technique has the
same indications as other intramedullar nailing
techniques, it has a potential to accumulate high
stress in proximal and distal parts due to the design
of interlocking pins (Bhat et al., 2006).

Screw holes on the pin reduce the resistance of the
pin. If screw holes are placed close to the fracture
line, the possibility of fracture of the bone and the
implant will emerge. If the screws are applied to the
fracture line closer than 2 cm, stress will be observed
(Stiffler, 2004).

In this technique which is used in fracture treatment,
the pin can be broken if the diameter of the pinis no
proper or if the screw holes on the pin are placed on
the fracture line. Implant failures are frequently seen
in proximal part of the distal pin holes. The most
common complications related to the implant are,
pin failure close to screw holes, misplacement of the
screws or loose pin implementations (McLaughlin,
1999).

Interlocking nails can be implanted via minimal
invasive surgical techniques; thus, it minimally
damages the vascularization of operative area. In
fact, it is reported that interlocking nailing has been
considerably  successful and has had low
complication rates in many clinical studies.
Although this technique is highly prefered by many
surgeons because of its biological advantages, in
some studies it has also been reported that it has both
clinical and experimental limitations (Goett et al.,
2007; Piorek et al., 2012).

Metal screws which are also used in interlocking
nailing have minimal negative effects on the
recovery process of fractures. However, it is
possible to mention the disadvantages of such
implants, such as bone atrophy, inflammatory or
carcinonegic effects due to corrosion (Van der Elst
et al., 1999; Bergsma et al., 1993; Bos et al., 1991).

In recent years, via in vivo model studies on sheeps
with tibial fractures where interlocking nails are
compared to external fixators, some significant loss
during recovery process has been noticed because of
instability caused by torsional and bending forces
among interlocking nailing groups (Goett et al.,
2007; Piorek et al., 2012).

Since weight bearing during early postoperative
period allows to increase stability in the fracture
line, it brings some beneficial effects on healing.
The combination of Interlocking nail and external
fixator provides weight bearing (Piorek et al., 2012).

In this study, using a combination of interlocking
pins and acrylic external fixators for the treatment of
diaphyseal tibial fractures has served two purposes.
The first purpose is to reduce complications such as
stress fractures around at the level of screw holes in
the operated bones. The second purpose is to reduce
the risk of functional recovery losses caused by
torsional and bending forces because of early weight
bearing in postoperative period.

Material and Method

The study material involves 6 dogs which were
admitted to the clinic with posttraumatic complaints
of in ability to use related hind limb with tibial
fracture diagnosed via clinical and radiological
examinations. While the reason of lesion in the 3 of
6 cases was a traffic accident, the reason could not
be defined in the other in 3 cases. After clinical and
radiological examinations, diaphyseal tibial fracture
has been detected in all cases included in the study.
Each case has been treated with 6 mm interlocking
nails of various lengths, 2-2.5 mm half and full
Steinmann pins, acrylic and 9 mm endotracheal
tubes for preserving and shaping the acyrilic.

Surgical procedure

Interlocking nailing has been practiced routinely,
but instead of stabilizing the pin to the bone with
screws through proximal and distal holes, half and
full Steinmann pins were fixed to the bone by
passing through the holes. The ends of the pins were
then passed through steril 9 mm endotracheal tubes.
Soft tissues were routinely closed, and then fluid
acrylic was injected into empty endotracheal tubes
and was expected to be solidified (Fig 1).



Figure 1. a and b. Standardt fixation of interlocking nail to tibia, c. application of Steinmann pin to the
proximal and distal screw holes of the interlocking nail, d. combination of full Steinmann pins with acrylic.

Assessment

In order to define lameness degrees, each patient
was scored from 0 to 4 on the 10th, 30th, 45th days
of the follow-up period. The scale for the assessment
of lameness is given in Table 1. Radiographs were
taken on the postoperative 10th, 30th, 45th days and
the follow- up period was ended on 45th day.
However, postoperative follow-up period of case no
5 has continued until day 58 due to infection.

Table 1. Scale for the assessment of lameness.

Score Assessment
0 No lameness
1 Mild lameness
2 Moderate lameness
3 Severe lameness
4 No weight bearing

Results

Cases have involved 6 dogs of various ages between
2 and 8. The avarage age of the cases was calculated
to be 3.66. In the study, 4 of the 6 cases were
identified as male and 2 as female, 5 as crossbreed
and 1 as an Anatolian Sheep Dog (Kangal). 6 x 150
mm interlocking nail was used in 1 case (case no.2),
6x 160 mm in 2 cases (cases no.1 and 6) and 6x170
mm in 3 cases (cases no. 3, 4 and 5). Case
descriptions, the diameters, and the lengths of
interlocking nails used are given in Table 2.

Postoperative radiographs were taken on 10th, 30th,
45th days, and patients were clinically controlled.
On the postoperative 10th day, no weight bearing
was observed in case no 1. It was also observed that
cases no 3, 4 and 5 had severe lameness, cases no 2
and 6 had mild lameness. On the postoperative 30th
day, it was reported that case no 5 had moderate,
case no 1 had mild lameness where as cases no 2, 4
and 6 had no lameness.

Table 2. Age, gender, breed, cause of lesion, diameters and lengths of the pins.

Case no AgelYear Gender Breed Cause of lesion Diame_:ters of Leng_ths of

pins pins
1 2 Crossbreed Unknown 6 mm 160 mm
2 2 M Crossbreed Unknown 6 mm 150 mm
3 4 F Kangal Traffic accident 6 mm 170 mm
4 2 M Crossbreed Traffic accident 6 mm 170 mm
5 8 F Crossbreed Unknown 6 mm 170 mm
6 3 M Crossbreed Traffic accident 6 mm 160 mm




On the postoperative 45th day, no lameness was
observed in cases no 1, 2, 4 and 6. However, mild
lameness was observed in case no 5 with purulent
discharge where the pins of the external fixator have
been penetrated to the skin. In radiological
examination infection was observed in tibia. After
removing the acrylic fixator and the interlocking
pin, antibiotic treatment and splint bandahe were
practiced for case no 5. On the postoperative 58th
day, no evidence of infection was observed in case
no 5 and the treatment was finalized. Lameness
results of the cases on the postoperative 10th, 30th
and 45th days are given in Table 3. (Fig 2,3).

Table 3. Lameness assessment scale for the cases on
the postoperative 10 th, 30 th and 45 th days.

Case no 10th day 30th day 45th day
1 4 1 0
2 1 0 0
3 3 - -
4 3 0 0
5 3 2 2
6 1 0 0

Figure 2. Preoperative and postoperative radiographs of case no 4. a and b. preoperative, c. and d.
postoperative 10" day, e. postoperative 45" day radiographs of case 4.

Figure 3. Preoperative and postoperative radiographs of case no 5. a. Preoperative, b and c. postoperative 30"
day, d. postoperative 45" day radiograps after pins and external fixator removing of case 5.

Discussion

Early weight bearing in the recovery period utilizes
the treatment process. It also contributes to increase
stability in the fracture line and this can be achieved
by using a combination of an external fixator and
interlocking nail. According to the researches
carried out, early weight bearing in the recovery
period can be achieved by using fixation systems
that enable to reduce micro motions in the fracture
line (Lu et al.,, 2009). Micro motions cause
instability which is quite difficult to be prevented by
fixation techniques such as interlocking nailing.
According to a study, using only type | external

fixator, without combining with an interlocking nail,
could not prevent instability caused by micro
motions in the fracture line (Piorek et al., 2012).

In the study, interlocking nails of 6 mm diameter and
of various lengths, Steinmann pins of 2-2.5 mm that
were passed through the screw holes on interlocking
nails have been used by combining with acrylic to
form a external fixator. Via this application, it is
expected that micro motions mentioned in literature
will be avoided and early weight bearing in the
healing process will be observed. Postoperative
clinical and radiological examinations of the study
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were performed on days 10th, 30th and 45th. In
order to carry out the lameness assessment scores
between O and 4 were given to the cases. In
accordance with_this, on the postoperative 10th day
follow up it was observed that there was no weight
bearing in case no 1, while weight bearing was
observed in all other cases. On the postoperative
30th day, it was reported that cases no 2, 4 and 6
have weight bearing. In case no 1 mild and in case
no 5 moderate lameness was observed. Case no 3
couldn't be followed up on the postoperative 30th
day. On the postoperative 45th day, ho lameness was
recorded in cases no 1, 2, 4 and 6. Moderate
lameness due to infection was observed in case no 5.
Considering this data, healing was achieved in a
short time in cases where weight bearing has been
observed. The results of the study are consistent with
literature.

Internal fixation of bone fractures by metallic plates
and screws is a common and a reliable treatment
method. However, these metallic implants need to
be removed just after the healing process is
completed. Unless implants, such as plate and
screws, are removed, some spontaneous bone
fractures may occur in the bone tissue just below the
implants, even with normal weight bearing. On the
other hand, screw loosening and inflammatory
reactions due to corrosion can be seen (Bos et al.,
1991).

Screw holes which are placed on interlocking pins,
also reduce the resistance of the pin. If the screw
holes are close to the fracture line, the possibility of
bone fractures and implant failures can emerge (Bos
et al., 1991). The hole on the proximal part of the
distal fragment is where the pin break is mostly
observed. During the postoperative period,
complications such as pin breaks, misplacement of
the screws or loose screw implementations can
observed (McLaughlin, 1999).

The weight bearing ration between the bone and the
interlocking pin increases on the bone as the bone
heals. The reason for this is that the callus formation
in the fracture zone increases the moment of stability
and thus transfers weight from the implant to the
bone (Dueland et al., 1996).

In standart interlocking nailing technique, cortical
screws are used for fixing the pin to the bone. The
pin and screws are not generally removed from
related bone after healing. In the study, due to the
Steinmann pins was applied to the holes on the pin
instead of the screw, there was no necessity to open
the hole zone after operation to remove the pins. In
addition, as the callus formation increases, the stress
on the implant decreases. Therefore, external
fixators applied from the holes on the pins were

combined with the interlocking pins instead of the
screws used in the standard treatment method. Thus,
the stress on the pins was shared with the external
fixator. On the other hand, the external fixators were
removed after fracture healing and long-term
spontaneous bone fractures caused by the screws
which wused in standardt interlocking nailing
technique were prevented. There were no
complications due to the implant in the
postoperative period. In this study, two objectives
have been aimed by using interlocking pin and
acrylic external fixator combinations for the
treatment of diaphyseal tibial fractures: The first
objective is to reduce complications due to implant
loads. The second objective is to reduce the risk of
healing losses due to torsional and bending forces as
a result of early weight bearing during the
postoperative period.

Conclusions

Although interlocking nailing is used safely in the
treatment of restless and aggressive dogs that need a
rigid fixation and where the postoperative care is
difficult and crucial, interlocking nailing and
external fixator applications can be combined in
order to prevent instability due to torsional and
bending forces and to reduce the amount of foreign
bodies on the bone. This combination can also be
used for preventing inflammatory reactions due to
the usage of metal screws.

During the postoperative period of external fixator
applications, antibiotheraphy and caring under
hygienic conditions are quite important for reducing
the risk of infection.

As a result, interlocking nailing, which is an
alternative to intramedullary pin applications, has
been successfully used when combined with
external fixators. Combination of interlocking
nailing and external fixators can be considered as an
alternative treatment method as it prevents
instability and provides a rapid healing process.
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