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Treatment of tibial fractures in seven cats using circular external
skeletal fixation
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Summary: This study covers the technique of a custom designed circular external fixator (CEF) in tibial fractures in 7 cats.
All tibial fractures were surgically treated. The cases were followed-up using radiographs obtained on 25 and 48 days after surgery.
Signalment, fracture localization, complications and implant diameter for each cat were noted. Ring diameters were as follows: in 4
tibial fracture cases 45 mm and in 3 tibial fracture cases 55 mm. Complications were observed in 2 cats, both of which had pin tract
infection. Fracture cases were evaluated as follows: 5 of the tibial fractures had excellent results and 2 cases had good results. The
CEF system was well tolerated by all the cats during the postoperative follow-up period. First use of the treated limb occurred on
postoperative 1-3 day in all cases. Pin deformation or CEF breakage and distortion were not observed in any of the cases. The CEF
system designed by the authors was suitable for fixation of tibial fractures in cats. Clinical use of CEF system in tibial fractures of
cats is found to be useful and its use is highly recommended to our colleagues.
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Yedi kedide tibia kiriklarinin sirkiiler eksternal fiksasyon kullanilarak sagaltimi

Ozet: Bu caligma kedilerde Sirkiiler Eksternal Fiksator tekniginin kullanimini degerlendirmektedir. Calismanin konusunu 6zel
olarak dizayn edilmis Sirkiiler Eksternal Fiksator kullanarak tibia kiriklari sagaltilan 7 kedi olusturmustur. Biitiin tibia kiriklari
cerrahi olarak sagaltilmistir. Olgularin kontrolleri; post operatif 25. ve 48. giinlerde radyografik olarak yapilmistir. Hastanin esgali,
kirigin lokalizasyonu, komplikasyonlar ve implant gaplari not edilmistir. Halka ¢aplart 5 olguda 45 mm ve 2 olguda 55 mm olarak
tercih edilmistir. CEF sistemi postoperatif takip déneminde biitiin kediler tarafindan iyi tolere edilmistir. Tedavi edilen ekstremitenin
ilk kullanimu tiim olgularda ameliyat sonrasi 1-3 giinde gergeklesmistir. Pin deformasyon veya CEF’te kirilma ve bozulma olgularin
higbirinde gézlenmemistir. 2 kedide pin dibi enfeksiyonu komplikasyonu ile karsilagilmistir. 5 olguda sonuglar miikemmel 2 olguda
ise iyi olarak degerlendirilmistir. Sirkiiler Eksternal Fiksator sistemi kedi ekstremite kiriklarinda kullamish bulunmus ve
meslektaslarimiza tavsiye edilmektedir.

Anahtar sozciikler: Kedi, kirik, sirkiiler eksternal fiksator, tibia.

Introduction

A circular external fixator (CEF)” is a device that
was first used primarily in humans for the fixation of
bone fractures and in distraction osteogenesis (6) using
pins, bars and clamps which was subsequently adapted
for use in veterinary medicine (11,16,20). It causes
minimal damage to soft tissue, vascular supplies, and
nerves and provides stable fixation of bones and joints. It
is particularly useful in open and comminuted fractures
with poor circulation that require prolonged fixation.

Fractures of the radius/ulna represents the 8.5% to
17.3% of all fractures in cats and dogs (15,19), and
fractures of the tibia account for 20% of fractures (7).
Treatment options for fractures in cats include internal
fracture fixation (plate rod construct, internal fixation
alone and internal fixation with secondary external
support) (3), cerclage wiring (full and hemicerclage

wiring) (14), external skeletal fixation (9), external
coaptation (5), interlocking nailing systems (9) and bone
plates with screws (17). The external skeletal fixators
that are used in extremity fractures of cats are mainly
linear external skeletal fixators (9), use of circular
external skeletal fixators in extremity fractures are
limited (4,8). Circular external fixators (10) have high
biomechanical strenght compared to linear external
skeletal fixators (6).

The aim of the present study was to report the
results obtained using a custom-designed (This system
has different diameters, thickness and and hole numbers
from the other CEF fixators) CEF system designed by the
authors in cats with tibial fractures.

* Circular external fixator (CEF): Imex, Longview,
Texas, USA
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Materials and Methods

This study included 7 cats with tibial fractures that
were treated at our small animal clinics.

Design and construction of the CEF: The CEF
system was constructed using ETAL-74 (94 %
aluminum, 1.5 % magnesium, and 4.5% copper). The
system employs 2 types of rings (full rings and 5/8
rings), 3 ring diameters (35, 45, and 55 mm), connection
rods (4 mm in diameter) (Figures la and 1b), Kirschner
wires (1.2 mm), no. 7 nut-keys for wire fixation, and nuts
and bolts. One 5/8 ring on the top and 2 full rings at the
bottom are connected by rods. The 35-mm ring has 14
holes, the 45-mm ring has 18 holes, and the 55-mm ring
has 20 holes. Ring outer diameter, inner diameter, hole
spacing, and thickness are shown in Table 1.

Preoperative planning: Craniocaudal and mediolateral
radiographs were obtained in all cases (Figures 2 and 3).
The following data were collected for each case:
signalment and medical history, type of fracture, and
CEF configuration (due to extremity thickness ring
diameter, number of rings, ring type, rod length, and rod
penetration depths were adjusted) (Tablel).

Figure 1. The CEF system. Full rings (a) and 5\8 rings (b) made
with ETAL-74 (94.% aluminum, 1.5% magnesium, and 4.5%
copper).

Sekil 1. SEF sistemi. ETAL 74 ‘ten (%94 aliiminyum, % 1.5
magnezyum ve %4.5 bakir) yapilmis tam halka (a) ve 5\8 halka.

Anesthesia: Anesthesia was induced with xylazine
hydrochloride (1.1 mg kg ') and ketamine hydrochloride
(15 mg kg'), and maintained with inhalation of
isoflurane and oxygen.

Figure 2. Preoperative craniocaudal (a) and mediolateral (b)
radiographs of the right crural fracture in case 6 show a distal
diaphyseal (1\3) comminuted segmental fracture.

Sekil 2. Parcali segmental kirik ve distal diyafizer kirik
gozlenen olgu 6 ‘da sag krural kingin preoperative
kraniokaudal (a) ve mediolateral (b) radyografileri.

Figure 3. Postoperative kraniokaudal (a) and mediolateral (b)
radiographs in case 6 show the positioning of the 3-ring CEF
system. One 5\8 ring was used at the top and 2 full rings at the
bottom.

Sekil 3. 6 no’lu olguda postoperatif kraniokaudal (a) ve
mediolateral (b) grafilerde 3-halkali CEF sisteminin konumlan-
dirllmasi gosterilmektedir. Bir 5\8 halka istte 2 tam halka ise
altta kullanilmustir.
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Surgical Procedure: The cats were placed in lateral
recumbence. The surgical site was prepared and draped
for aseptic surgery. Antibiotic cefazolin (22 mg kg ') was
given intravenously to all animals before surgery. The
affected limb was prepared and the custom-designed
CEF system was used in all cases. Kirschner wire
diameter varied by case, but was consistent in each ring;
2 Kirschner wires were used with full rings, versus 1
Kirschner wire with 5/8 rings. Kirschner pins (1.2 mm in
diameter) were used and were drilled into the bone with a
150-rpm pneumatic drill. The bones were positioned

perpendicular to the CEF rings and were centered in the
device (Figures 3 and 4). Ring diameters were as follows:
in 4 tibia fracture cases: 45 mm and in 3 tibia fracture
cases: 55 mm. In one case 3cm block resection was
performed and the necrotic tissue is removed. After two
days latency period 0.5 mm distraction rate and for two
times distraction rthythm was performed daily. Distraction
time was 30 days.

Postoperative follow-up: Postoperative radiographs
were obtained immediately after surgery to evaluate
positioning of the CEF and bone reduction. Cefazolin Na

Table 1. Signalment, classification, management, fixator removal time, apparatus configuration, and outcome (clinical and cosmetic)

in 7 cats with tibial fractures.

Tablo 1. Tibial kirig1 bulunan 7 kedide signalment, siniflandirma, tedavi, fiksator ¢ikarma zamani, system konfigiirasyonu ve

sonuglar (klinik ve kozmetik).

Case Signalment Classification of Treatment  Fixator Configuration and diameter of rings Outcome
fracture and other removal (clinical and
injuries time cosmetic

results)

1 ly, F, Mix Upper diaphyseal ~ Limited 45 days 1 half ring on the proximal fragment (5\8) Excellent

Breed, Skg  region (1/3), open 2 full rings on the distal fragment (internal
comminuted, approach diameter 55 mm)
L tibia 2 K wires (1.2 mm) on each fragment
2 1.5y, M, Mix Upper Open 42 days 1 half ring on the proximal fragment (5\8)
Breed, Skg  diaphyseal (1\3), approach 2 full rings on the distal fragment (internal Good
comminuted, diameter 55 mm)
L tibia 2 K wires (1.2 mm) on each fragment
3 2y, F, Mix Proximal (1\3) of  Limited 45 days 1 half ring on the proximal fragment (5\8) Excellent
Breed, 4 kg  diphysis, open 2 full rings on the distal fragment (internal
comminuted, approach diameter 45 mm)
R tibia 2 K wires (1.2 mm) on each fragment
4 3y, F, Mix Upper Open 39 days 1 half ring on the proximal fragment (5\8) Excellent
Breed, 3.5 kg diaphyseal (1\3), approach 1 full ring on the proximal fragment
comminuted, 1 full ring on the distal fragment (internal
L tibia diameter 45 mm)
2 K wires (1.2 mm) on each fragment
5 7m, F,Mix Distal Open 40 days 1 half ring on the proximal fragment (5\8) Excellent
Breed, 3.5 kg diaphyseal (1\3), approach 1 full ring on the upper diaphyseal region (1\3)
comminuted, 1 full ring on the distal fragment (internal
segmental, diameter 45 mm)
R tibia 2 K wires (1.2 mm) on each fragment
6 10 m, F, Mix Upper diaphyseal, =~ Open 45 days 1 half ring on the proximal fragment (5\8) Excellent
Breed comminuted, approach 1 full ring on the proximal fragment
4 kg R tibia, 1 full ring on distal fragment (internal diameter
open-fracture, 55 mm)
3-cm necrotic 3-cm block resection for bone lengthening (0.5
segment in mm x 2 times distraction, 30 days in total)
distal fragment 1 K wire (1.2 mm) on 5\8 ring
2 K wires (1.2 mm) on full rings
7 1y, M, Upper diaphyseal,  Open 45 days 1 half ring on the proximal fragment (5\8) Good
Turkish Van, comminuted, approach 1 full ring on the upper diaphyseal region (1\3)
5kg R tibia 1 full ring on the distal fragment (internal

diameter 45 mm)
1 K wire (1.2 mm) on 5\8 ring
2 K wires (1.2 mm) on full rings

M: months; y: years; w: weeks; M: male; MN: male neutered; F: female; FS: female spayed, TV: Turkish Van; MB: mixed breed;

L: left; R: right.

M: Ay; y: yil; W: hafta; M: erkek, MN: Kisir erkek; F: disi; FS: kisir digi; TV: Tiirk Van kedisi; MB: mix 1rk; L: sol; R: sag.
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Figure 4. Intraoperative (a and b) and postoperative (c) appearances of case 6. One half ring was used on the proximal fragment (5\8),
1 full ring on the upper-diaphyseal region (1\3), 1 full ring on the distal fragment (internal diameter: 45 mm), and 2 K wires (1.2 mm)

on each fragment.

Sekil 4. Intraoperatif (a ve b) ve postoperatif (c) pozisyonda 6 nolu olgunun gériiniisii. Bir yarim halka proksimal fragmana (5\8), 1
tam halka iist-diafiz bolgesine (1\3), 1 tam halka distal fragmana (i¢ cap1: 45 mm) ve 2 K teli (1.2 mm) her bir fragmana kullamildi.

Figure 5. Postoperative craniocaudal (a) and mediolateral (b)
radiographs of case 6 following fixator removal (45 day after
surgery).

Sekil 5. 6 nolu olguda fiksator uzaklastirildiktan sonra (45.
giinde) kraniokaudal (a) ve mediolateral (b) grafileri.

was administered IM in all cases for postoperative 7-10
days. Postoperative bandages were not used, but to
prevent pin track infection each pin insertion site was
cleansed with 10% povidone-iodine solution t.i.d.
Monthly follow-up examinations and radiographs were
recommended to the cat’s owners. The CEF was
removed when the fracture was completely healed
(Figure 5), and the owners were advised to limit their
cat’s movements for 10-15 days after removal.

Results

Signalment, fracture localization and type,
complications, CEF removal time, configuration and
diameter of rings and outcome for each case are listed in
Table 1. The cats were aged between 7 months-3 years,
and weighed between 3.5 and 5 kg. Surgical outcome
was evaluated based on data collected from the cat
owners, follow-up physical examinations, and radiographs,
as well as clinical evaluation scale score (Table 2).

Table 2. Clinical evaluation scale.
Tablo 2. Klinik degerlendirme skalasi.

Clinical outcome

Excellent: Normal limb function

Good: Mild, intermittent lameness

Fair: Mild to moderate lameness, but consistent weight
bearing

Poor: Non-weight bearing with severely limited activity.

Among the 7 cats, 7 diaphyseal fracture was
observed. Open reduction was performed in 5 cases
(cases 2, 4, 5, 6, and 7) versus limited open reduction in
2 cases (cases 1 and 3). The CEF system was used in
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each case and descriptions of the system’s setup in each
case are shown in Table 1.

The CEF system was well tolerated by all the cats
during the postoperative follow-up period. First use of
the treated limb occurred on postoperative 1-3 days in all
cases. Radiological examination of the treated bones was
performed on postoperative 25-48 days and the CEF was
removed on postoperative 35-55 days. Superficial pin
tract inflammation was observed in 2 cases (cases 3 and
7), which was cured in 15 days following appropriate
daily pin track care. Pin deformation or CEF breakage
and distortion were not observed in any of the cases. In
terms of clinical outcomes, 5 cases were evaluated as
excellent and 2 were evaluated as good (Table 2)
according to the criteria given in Table 2.

Discussion and Conclusion

The method of fracture repair is based on fracture
type and location, size and age of the animal, the number
of bones and limbs involved, and concurrent soft tissue
disease (3). Methods used to repair long bone fractures
include bone plates, pins, wiring, external fixators, and
interlocking nails (9, 21). Rigid stabilization must be
maintained so that movements of the remnants of small
bony particles are inhibited and prolonged callus
formation and fracture healing is inhibited.

In this study use of the custom-designed CEF
system for the treatment of tibial fractures resulted with
success with minimal complications.

External coaptation is a commonly used method for
simple transversal fractures distal to the elbow and stifle
(9). The advantages of coaptation are that it’s inexpensive
and the materials necessary are readily available; its
downside is that it requires substantial maintenance and
is prone to complications (18). Use of the custom-
designed CEF in the present study eliminated the need
for additional bandaging. Daily cleansing of the treated
limbs with an antibacterial agent was adequate for
postoperative care.

Intramedullary pinning is widely used for long bone
fracture repair in cats (18); however, the risk of
intramedullary pins entering the adjacent joints in
radius/ulna and tibia fractures limits the use of internal
fracture fixation (1). The advantages of intramedullary
pinning are its low cost, easy implantation, easy removal,
and short implantation time. In addition, fixation with
intramedullary pins is not very stable and bone union is
secondary, and in animals treated with internal fracture
fixation the return to normal function takes longer and
post-surgical care is more intensive than that in animals
treated with CEF. Internal fixation alone may be
inadequate and sometimes secondary external support is
necessary (3), as such, external fixator interlocking nail
systems and plate/rod devices are recommended for use

in all animals, and are more commonly used than internal
fixation, coaptation, and wires.

Single use of an external skeletal fixation system is
more expensive than intramedullary pinning; however, as
the system can be reused its expense is lowered with each
subsequent re-use. It is also reported that CEF is best
suited for repair of tibial fractures, followed by the
radius/ulna (18). The custom-designed CEF system
described in this report was used in 7 cases with tibial
fractures. In all cases the device was used safely and did
not limit access to or visualization of the surgical site.

It is known that external fixation has advantages in
the treatment of open and comminuted fractures (16),
including minimal trauma to the adjacent structures, no
permanent implantation required, and the fixation
elements can be removed following bone union (8,12).
The custom-designed CEF system used in the present
study was effective in offsetting long bone fractures in
cats. Functional outcome was excellent in 5 of the 7
cases and 2 cases are evaluated as good due to pin tract
infection. Pin tract infection is the most common
complication observed in animals treated with external
fixators (2, 4, 13, 16, 20). In most cases of pin tract
infection serous drainage is of the surface type. Pin tract
drainage (11) was seen in the proximal lateral region in
tibial fractures. Superficial pin tract infection occurred in
2 cases in the present study and daily antibacterial
cleansing resolved the infections on 7 days.

It is suggested that in small animals fixation of
fractures with 3 rings is generally difficult (4). In the
present study incomplete rings (5\8 rings) were used to
stabilize the proximal fracture segments and full rings
were used to stabilize the distal segments in all cases.
The open ends of the incomplete rings were directed
caudally in the cats with tibial fractures, which facilitated
full range of motion in the joint. In the present study
there weren’t any joint complications due to use of the
custom-designed CEF. Use of incomplete rings in the
proximal segment of the fractures prevented the
occurrence of joint motion limitations.

In all of the cases in the present study bone
segments were fixated at multiple points using small-
diameter (1.2 mm) fixation wire placed in the rings at
90°. Based on biomechanical evaluation, wires placed at
90° increased the stability of fixation and prevented bone
segment translocation (10) Placement of fixation wires at
90° combined with pin or plate fixation is best suited to
oblique or spiral fractures in long bones when >2 wires
are employed (18). In the present study we used 1.2 mm
fixation wires placed at 90°, which prevented bone
segment translocation in all the cases, as reported by
Lewis et al. (2001).

The custom-designed CEF system used in the
present study can be used in cats easily because it is
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relatively light [(ETAL-74 (94.% aluminum, 1.5%
magnesium, and 4.5% copper)] thus cats can carry the
system easily. The system itself is designed particularly
for cats with small diameter rings (35 mm, 45 mm and 55
mm) and the system also contains 5/8 rings which is
knew for the construction of the CEF system. Another
advantage of the system is the pins can be inserted in 360
degree in all angles. Surgeon can make compression and
distraction between the rings which cannot be made in
the skeletal (SK) systems. Lastly CEF is biomechanically
stronger than the SK and it maintains stronger and more
rigid fixation compared to the SK system.

The custom-designed CEF system used in the
present study was efficacious in the treatment of tibial
fractures in cats.
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