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INTRODUCTION

The PreFix? fixator is designed to provide temporary

external fixation. This may be needed when local

facilities or the condition of the patient do not permit

definitive fixation.

Immediate stabilisation of long bone fractures in the

lower limb is now an established part of the

resuscitation process. High energy fractures with or

without articular involvement frequently require

emergency stabilisation to allow soft tissue recovery

before definitive fixation. The PreFix? fixator is designed

to allow the surgeon to:

* Position screws where the condition of the bone
and soft tissues permits;

* Reduce the fracture in order to restore alignment;

* Stabilise the fracture to allow the patient to be
moved safely, either to a different location or to
allow more urgent matters to be attended to.

Mechanical stability is assured by using an adequate
numbers of bone screws and rods.'?

The fixator can be applied to a single bone to stabilise
a fracture, or across a joint if this is involved in the
injury. This fixator consists of radiolucent rods of four
lengths, independent screw clamps which allow the
surgeon to insert the screws in any preferred position,
rod connection clamps, and multiscrew clamps for
parallel screw placement in T- or straight clamp
configuration for later exchange with Orthofix LRS or
External Fixators.

The Rods and Blue Multi Screw Clamps are
strictly single patient use.

All Prefix* Clamps are MRI conditional.

References

1. Giotakis N., Narayan B. Stability with unilateral
external fixation in the tibia. Strat Traum Limb
Recon (2007) 2:13-20.

2. Behrens F, Johnson W. Unilateral External Fixation
Methods to Increase and Reduce Frame Stiffness.
Clin Orthop Relat Res 1989;241:48-56.
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ASPECTS OF MRI COMPATIBILITY

Prefix? System is designed as MRI conditional up to 1.5
Tesla. The MRI components have been tested according
to ASTM Standards F2052, F2182, F2213 and F21109.

Prefix? System can only be guaranteed for MRI when
using Orthofix XCaliber Bone Screws and the following
rods to build a frame.

Rods

Code Description

92125 Rod 125 mm long
92175 Rod 175 mm long
92275 Rod 275 mm long
92350 Rod 350 mm long

XCaliber Screws

Thread Total Length

Length (mm) 150 mm 260 mm
30 911530 912630
40 911540 912640
50 911550 912650
60 911560 912660
70 911570 912670
80 911580 912680
90 911590 912690

All Prefix* Clamps are blue and MRI conditional.
They are marked with “MR".
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Not tested for MR/
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92012

It has been shown by specific MRI tests that the Prefix?
System may be used for patients undergoing MRI
procedures using up to 1.5 Tesla MR systems if certain
specific conditions are followed.

Four commonly used frames have been tested for MRI
use at 1.5 Tesla. The results are as follows:

Blue Screw Clip Clamp in Single Bar Configuration

* A maximum temperature increase of 6.0 °C has
been measured at the tip of the most external screw
(Maximum Whole Body averaged SAR of 2W/kg for
3.5 minutes of scanning)

Code Description

1x92350  Rod 350 mm long
4x911560  Self-Drilling XCaliber Screw, L. 150 mm,
thread length 60 mm

4x92016 Blue Screw Clip Clamp

Blue Multi Screw Clamp

\ Vo]

No MRI Conditional
— Configuration

* A maximum temperature increase of 4.0 °C has
been measured at the tip of the indicated screws
(Maximum Whole Body averaged SAR of 2W/kg for
6 minutes of scanning)

Code Description

2x92350  Rod 350 mm long

4x911560  Self-Drilling XCaliber Screw, L. 150 mm,
thread length 60 mm

Blue Rod Clip Clamp

Blue Multi Screw Clamp

4x92012
2x92031




Z Configuration

@.

>

* A maximum temperature increase of 7.0 °C has
been measured at the tip of the most external screw
(Maximum Whole Body averaged SAR of 2W/kg for
6 minutes of scanning)

* Nearby the tip of the screw a temperature increase
of 3.5 °C was measured

Code Description

2x92125  Rod 125 mm long

1x92275  Rod 275 mm long

2x911560  Self-Drilling XCaliber Screw, L. 150 mm,
thread length 60 mm

2x911540  Self-Drilling XCaliber Screw, L. 150 mm,

thread length 40 mm

Blue Screw Clip Clamp

Blue Rod Clip Clamp

4x92016
2x92012

Ankle Configurations

* A maximum temperature increase of 2.1 °C has
been measured at the tip of the indicated screw
(Maximum Whole Body averaged SAR of 2W/kg for
6 minutes of scanning)

* At the indicated clamp a temperature increase of 12.2 °C
(with reference to room temperature) has been measured

Code Description

1x92125  Rod 125 mm long
1x92175  Rod 175 mm long
1x92275 Rod 275 mm long

2x911540  Self-Drilling XCaliber Screw, L. 150 mm,
thread length 40 mm

1x92080  Transfixing Pin, thread length 80 mm,
thread @ 5 mm, shaft @ 4 mm

2x92016 Blue Screw Clip Clamp

2x92012 Blue Rod Clip Clamp

2x92026  Blue Transfixing Pin Clamp

MRI machine: PHILIPS Achieva 1.5T A-series
Device Position: isocenter of MRI scanner
Magnetic Field Strength: 1.5 Tesla

Spatial gradient field: 9.37mT/m

Please note that temperature changes reported
apply to the designated MRI system and
characteristics used. If a different MRI system is
used, temperature changes may vary. Contact is
advised with the supplier of the MRI system and
Orthofix.

These tests have been performed in areas where the
greatest temperature increase is expected with
commonly used frames: at the tip and surrounding the
tip of the most external screw. Literature review'?*?
demonstrates that these temperature increases do not
damage tissues. Due to the versatility of the system,

an unlimited number of frames can be built which
makes it impossible to test every construct.

There are factors that can influence these results

(e.g. the number of screws used). Therefore, it is
recommended that each frame be evaluated by a
radiologist or MR scientist before the MRI procedure is
undertaken to ensure patient safety. Since different frame
configurations and frame sizes might lead to higher
temperature increases, Orthofix recommends that the
SAR settings are minimised as much as possible.

None of the components should move or migrate in
the 1.5 Tesla MRI environments. Non-clinical testing
has not been performed to rule out the possibility of
component movement or migration at static magnetic
field strengths higher than 1.5 Tesla or maximum
spatial gradients higher than 9.37mT/m.

MR image quality may be compromised if the area of
interest is in the same vicinity or relatively close to the
position of the device. Therefore, it may be necessary
to optimize MR imaging parameters for the presence
of this implant. For aspects of MRI compatibility please
refer also to PQ PFX.

References

1) Summary, conclusions and recommendations: adverse
temperature levels in the human body. Goldstein L.S.,
Dewhirst M.W., Repacholi M., Kheifets L. Int. J.
Hyperthermia Vol 19 N. 2003 pag 373-384.

2) Assessment of bone viability after heat trauma
Eriksson R.A., Albrektsson T., Magnusson B. Scand J
Plast Reconst Surg 18:261-68 1984.

3) Temperature threshold levels for heat-induced bone
tissue injury: A vital-microscopic study in the rabbit
Eriksson A.R., Albrektsson T. J Prosthet Dent. 1983
Jul;50(1):101-7.
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FEATURES AND BENEFITS

Rods
= * The largest diameter (14 mm) rod available for

temporary external fixation
e Strong radiolucent rod in four different lengths

Code Description

92125 Rod 125 mm long
92175 Rod 175 mm long
92275 Rod 275 mm long
92350 Rod 350 mm long

92012 Blue Rod Clip Clamp
* Quick, stable connection of two rods in all planes
* Excellent bar torsional stability

92016 Blue Screw Clip Clamp

* Free screw placement for rapid assembly of desired
frame construction

* Easy, fast connection of 6 mm screws

92016 92026 92026 Blue Transfixing Pin Clamp
* For use in ankle-spanning configurations
e Easy, fast connection of 4 mm transfixing pins

92031 Blue Multi Screw Clamp

* Parallel screw positioning in T- or straight clamp
configuration for later exchange with Orthofix
External Fixators

* When using the Multi-Screw Clamp, two rods must
always be used to increase frame stiffness.

* Single use

* Four possible connections for best placement
of Rod Clip Clamp
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EQUIPMENT REQUIRED

Cross Knee Application Cross Ankle Application

92995 Prefix? Sterilization Box, empty
Can accomodate:

Code Description

2x92125 Rod 125 mm long

2x92175  Rod 175 mm long

2x92275  Rod 275 mm long

2x92350 Rod 350 mm long

2x19930 Multi Screw Clamp Guide

2x11138 Drill Bit Guide, @ 4.8 mm, length 60 mm

1X30017  Allen Wrench 5 mm

1x91150  Universal T-Wrench

4x92012 Blue Rod Clip Clamp

8x92016 Blue Screw Clip Clamp

2x92026  Blue Transfixing Pin Clamp

1x1100201 Drill Bit, & 4.8 mm, length 240 mm

2x11137  Screw Guide, 80 mm

1x92080  Transfixing Pin, thread length 80 mm,
thread @ 5 mm, shaft @ 4 mm

1x92050  Transfixing Pin, thread length 50 mm,
thread @ 5 mm, shaft @ 4 mm

2x92031 Blue Multi Screw Clamp

1x92017 Prefix? Clamp Holder
92995C Prefix? Sterilization Box, Complete
Equipment for screw application (not included in the box)

Code Description

111111 Hammer
1x91120 Manual Drill
1x91101 Bone Screw Cutter

For Cleaning, Disinfection, Sterilisation and Maintainance of Instrumentation please refer to PQ ISP.
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Diaphyseal Applications and Kits

Femur
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99-92501 Prefix* Diaphyseal Complete Kit Sterile Short Screws
Consisting of:

Code Description

2x92125  Rod 125 mm long

1x92275  Rod 275 mm long

2x92012 Blue Rod Clip Clamp

4x92016  Blue Screw Clip Clamp

1x11137  Screw Guide, 80 mm

1x11138  Drill Bit Guide, @ 4.8 mm, length 60 mm

1x1100101  Drill Bit 4.8 mm

1x91150 Universal T-Wrench

2x911560  Self-Drilling XCaliber Screw, L. 150 mm, thread length 60 mm
2x911540  Self-Drilling XCaliber Screw, L. 150 mm, thread length 40 mm h

99-92502 Prefix* Diaphyseal Complete Kit Sterile No Screws
Consisting of:

Code Description

2x92125 Rod 125 mm long

1x92275 Rod 275 mm long

2x92012 Blue Rod Clip Clamp

4x92016  Blue Screw Clip Clamp

1x11137  Screw Guide, 80 mm

1x11138 Drill Bit Guide, @ 4.8 mm, length 60 mm
11100101  Drill Bit 4.8 mm

1x91150  Universal T-Wrench

99-92503 Prefix* Diaphyseal Complete Kit Sterile Long Screws
Consisting of:

Code Description

2x92125  Rod 125 mm long

1x92275  Rod 275 mm long

2x92012 Blue Rod Clip Clamp

4x92016  Blue Screw Clip Clamp

1x11137  Screw Guide, 80 mm

1x11138  Drill Bit Guide, @ 4.8 mm, length 60 mm

1x1100101  Drill Bit 4.8 mm

1x91150  Universal T-Wrench

2x911550  Self-Drilling XCaliber Screw, L. 150 mm, thread length 50 mm
2x912650  Self-Drilling XCaliber Screw, L. 260 mm, thread length 50 mm
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Ankle Application and Kit

99-92504 Prefix* Ankle Complete Kit Sterile
Consisting of:

Code Description

1x92125  Rod 125 mm long

1x92275  Rod 275 mm long

1x92175 Rod 175 mm long

2x92012 Blue Rod Clip Clamp

2x92016  Blue Screw Clip Clamp

2x92026  Blue Transfixing Pin Clamp

1x11137  Screw Guide, 80 mm

1x11138 Drill Bit Guide, & 4.8 mm, length 60 mm

11100101  Drill Bit 4.8 mm

1x91150  Universal T-Wrench

2x911540  Self-Drilling XCaliber Screw, L. 150 mm, thread length 40 mm

1x92080  Transfixing Pin, thread length 80 mm,
thread @ 5 mm, shaft @ 4 mm




SURGICAL APPROACHES

Approach to the tibia
Screw insertion in the tibia is within the safe corridors
illustrated in the cross-sections. If bi-planar stability

is desired, the angles shown in the diagrams indicate
the spread of screw position possible at each level.
Damage to the anterior tibial artery is prevented if the
lateral surface of the distal tibia is avoided. Similarly,
tendon transfixation is prevented if screws are not
placed across the anterolateral surface at this level.
For this reason, in the tibia antero-medial application
is advisable. In anticipation of secondary intervention
for definitive internal fixation, it is important to
position these screws away from possible
surgical access routes.
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Approach to the femur
In the femur, screws can be inserted within an arc
of 30 degrees on either side of the coronal plane,
i.e. from 30 degrees postero-lateral

to 30 degrees antero-lateral.

Due to the emergency situation in which
the fixator is applied, it is advisable

to insert screws postero-laterally, well away
from possible surgical approaches required
for a secondary open procedure.

Approach to the humerus
When dealing with the humerus, consideration should  gge
be given to the radial, axillary, musculocutaneous,
ulnar and median nerves and brachial artery and vein.
Proximally, screws should be inserted distal to the level
of the axillary nerve. They can be placed from a lateral
approach or ventro-lateral direction.

The middle segment of the humerus (shaded in red)
should be avoided as the radial nerve has a variable 30;/
course in this area.

Distally, a screw inserted from the lateral side between

the triceps and brachioradialis muscles will avoid the

radial nerve as long as it is just proximal to the upper

border of the olecranon fossa.

A more proximal screw can be inserted just medial J
to the lateral border of biceps, thereby avoiding 25":

the terminal branch of the musculocutaneous nerve.

An alternative is a half screw inserted from the dorsal
surface.
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Approach to the pelvis
There are two recommended options for screw
placement in the pelvis.

Supra-acetabular (Anterior) screw placement

Given the wider cross sectional area and better bone
purchase, the more technically difficult supra-
acetabular screw placement is preferred over that

of the iliac crest. Proceeding from the anterior superior
iliac spine, the site of entry is approximately 4-6 cm

in a caudal direction. A skin incision of about 3-4 cm
is made and the subcutaneous tissue divided by blunt
dissection to preserve the lateral cutaneous nerve of
the thigh. The bone at the anterior inferior iliac spine
is exposed and the screw guide placed firmly on the
bone. The first 10 mm of the self-drilling screw is
hammered into the bone and then screwed into the
pelvis, inclined about 15°-20° in a cranial direction and
30° internally with the patient supine on the table.

lliac crest (Superior) screw placement

To prevent damage to the lateral cutaneous nerve

of the thigh, avoid insertion less than 20 mm posterior
to the anterior superior iliac spine. The iliac crest can
easily be palpated. Adequate bone substance for screw
insertion is only found in the anterior part of the iliac
crest, from 2 ¢cm to 7 cm posterior to the anterior
superior iliac spine. The screws should be directed
towards the acetablum and should follow the route
between the outer and inner table of the ilium.

Superior

¥ o
iN®

Superior iliac spine

Anterior
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LONG BONES
Screw Insertion

Screw positions should be planned with regard to
existing injuries and possible future plastic surgical or
internal fixation procedures. X-rays of the fracture in
two planes should be available. In general, screws
should be placed laterally in the femur, antero-medially
in the tibia if this is considered possible, and laterally
in the humerus. Screws should be positioned for
maximum mechanical stability in each bone segment,
as far apart as the positions of the fracture and
neighbouring joints allow.

Insert two screws into each main fragment free-hand
using the following technique: make a 15 mm incision
though skin and deep fascia. Use blunt dissection to
reach the underlying bone.

Insert a screw guide perpendicular to the longitudinal
axis of the bone. Use a trocar to locate the midline
by palpation. Keeping the screw guide in contact
with the cortex by gentle pressure, withdraw the
trocar, and tap the screw guide lightly to anchor

its distal end.
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The XCaliber bone screw thread tapers from 6.0 mm
to 5.6 mm in diameter in order to provide an
increasing radial preload during insertion. This
maintains good fixation of the entry cortex. Despite
the tapered profile, some adjustment of bone screw
penetration is possible owing to the inherent elasticity
of bone. However, the screws should not be
backed out for more than two full turns. The
screws all have a pointed tip and flute which allow
them to be inserted self-drilling in cancellous bone
without the need for pre-drilling. Direct insertion with
a hand drill is advised in most situations, irrespective
of whether uncoated or HA coated screws are used.
However, when insertion of self-drilling screws is
performed in diaphyseal bone, pre-drilling is
recommended; use a 4.8 mm drill bit through a drill
guide when the bone is hard; when the bone quality
is poor, or in the metaphyseal region where the cortex
is thin, a 3.2 mm drill bit should be used.

Xcaliber bone screws should never be inserted
with a power tool. This may result in too high

an insertion speed being used, which causes high
temperatures and cell necrosis. Screw insertion,
whether or not pre-drilling has been performed,
should always be with the XCaliber Hand Dirill

or T-Wrench only. It is important that moderate force
is applied for the screw to gain entry into the first
cortex. The screws have a round shank. They are
inserted with the XCaliber T-Wrench or Hand Drill
which pushes over and grips the shank securely.
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Insert a screw through the screw guide into the bone
using the hand drill. While drilling, the hand drill
should be held steady so that the drilling direction

is maintained throughout the procedure. Once the
second cortex has been reached, reduce the drilling
speed; four more turns are needed so that the tip just
protrudes through the distal cortex. In cancellous
bone, there is no need for the tip of the screw to
protrude from the second cortex. Diaphyseal bone
screws should always be inserted in the centre

of the bone axis, to avoid weakening it. In all cases
the surgeon should be mindful of the amount of
torque required to insert the screw. If it seems tighter
than usual, it is safer to remove the screw and clean it,
and drill the hole again with a 4.8 mm drill bit, even
if it has already been used.

Note: Self-drilling screws with a thread diameter
smaller than 5 mm can be inserted by hand or with
a power drill at low speed.
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Screw Insertion After Pre-Drilling

Insert the 3.2 mm or 4.8 mm drill guide into the
screw guide, and introduce a 3.2 mm or 4.8 mm drill
bit. Drill at 500-600 rpm through the first cortex,
checking that the drill bit is at right angles to the
bone. The force applied to the drill should be firm and
the drilling time as short as possible to avoid thermal
damage. Once the second cortex has been reached,
reduce the drilling speed and continue through the
bone. Ensure that the drill bit completely penetrates
the second cortex.

Remove the drill bit and drill guide, keeping pressure
on the handle of the screw guide. The screw is
inserted with the T-Wrench or hand drill until it
reaches the second cortex. A further 4-6 turns are
required to ensure that about 2 mm of the screw
protrudes beyond the second cortex.

Warning! As the thread is tapered, repositioning the
screw by turning counterclockwise more than two
turns will loosen the bone-screw interface.
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v

Insert the remaining screws using the same technique.
The two screws in each bone segment are joined by
rods of suitable length, each one mounted with two
screw clip clamps positioned about 20 mm from the
skin. They are then locked firmly with the 5 mm Allen
wrench.

A third rod is then used to join the first two rods
together by the rod clip clamps, which are not yet
tightened. The surgeon now manipulates the fracture,
if possible under X-ray control; when the position is
satisfactory, the assistant locks the two rod clip clamps
firmly with the Universal T-Wrench or the 5 mm Allen
Wrench, while gripping them with the Clamp Holder
(92017) to counter-act the tightening forces.
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The screw shafts are then cut with the bone screw
cutter. Although the screws can be cut before
insertion, it is difficult to gauge the length accurately,
and it is recommended that they are cut after the
fixator has been applied. It is important that all

of the screws are inserted first, and the fixator applied
with the clamps locked firmly over the screws, about
20 mm from the skin. The cutter can then be slid over
the screw shanks in turn and the screws cut close to
the fixator clamps. This will normally result in about

6 mm of screw shank protruding from the clamp.
The cutter is designed so that it can be used even
when screws are in adjacent seats of the multi-screw
clamp. The cut ends of the screws can then be
protected with screw caps. When cutting the screws,
the arms of the cutter should be extended for greater
efficiency, and the outer end of the screw held.
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BLUE MULTI SCREW CLAMP

This clamp allows parallel screw positioning either

in a T- or a straight clamp configuration. Note that
the positions of the guide holes in the multi-screw
clamp refer to the screw seats of the XCaliber fixator
or the 1,3,5 screw seats of the LRS fixator T- or
straight clamps.

This clamp should be used when a later planned
reconstructive procedure with the LRS might be
anticipated. In this case, it is necessary that the screws
are inserted perpendicular to the long axis of the
bone. Whenever possible the pin groups on either side
of the fracture should be inserted exactly from the
same direction.

Reduce the fracture as anatomically as possible,
emphasizing rotational correction. Insert the first
screw into one of the outer holes of the multi-screw
clamp guide using the same technique as described
above. Insert the second screw in the remaining
outer seat and cut both screw shafts with the
bone screw cutter. Lastly, insert the central
screw if necessary.

When using the Multi-Screw Clamp, two rods
must always be used to increase frame stiffness.

) )

A%

I
s \Jfﬁr

Other possible connections
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PELVIS

There are two main planes of instability: a horizontal
plane and a vertical plane. Based upon this, pelvic ring
instability may be divided into three types according
to Tile classification, which indicate the type of

Type B - Rotationally unstable but vertically stable

management required. Type A injuries are stable and
external fixation is therefore indicated only in Type B
and C fractures to stabilise the anterior instability.

Type C - Rotationally and vertically unstable
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In type B1 and B3 injuries a diastasis of the symphysis
greater than 2.5 cm indicates a severe rotational
instability and an increased pelvic volume. Therefore
an external fixator is applied as an emergency
procedure to reduce the pelvic volume and stop
bleeding. However, the true instability in this “open
book” fracture cannot securely be estimated by the
AP X-ray. Clinical investigation (i.e. by testing stability
manually) is mandatory for the indication of
immediate external fixation.

In type B2 injuries external fixation is rarely necessary
as an emergency procedure because the impaction

of the fracture site leads to a sufficient stability and
there is no increased pelvic volume. CT investigation
may clarify the true fracture pattern and subsequently
the correct treatment protocol, and is also
recommended to evaluate the posterior structures
(sacro-iliac joint, sacrum, posterior part of iliac bone).

Type C injuries are always considered unstable. In the
emergency situation the fixator is used on the anterior
side of the pelvic ring with screws either in the
supra-acetabular region and/or at the iliac crest

to increase stability. The posterior part of the pelvic
ring cannot be fully controlled by the external fixator
in terms of weight bearing. Nevertheless, external
fixation allows enough stability to reduce the pelvic
volume and therefore the amount of bleeding. After
resuscitation of the patient and further investigation,
subsequent internal fixation of the posterior part of
the pelvic ring may be considered.
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Commence with the uninjured side. Insert two
Kirschner wires to establish the orientation of the
hemipelvis: one from the iliac crest along the inner
table of the ilium and one along the outer table.

When using the anterior approach, make a 3-4 cm
incision, starting just below the anterior superior iliac
spine. Expose the bone by blunt dissection, protecting
the lateral femoral cutaneous nerve with retractors.
Identify the bony landmarks with a finger: anterior
margin of ilium, anterior inferior spine, and superior
edge of acetabulum. Insert a screw guide down to the
bone, at least 1 cm superior to the edge of the
acetabulum, angled 15-20° upwards and 30° inwards.
Insert a self-drilling screw, gently tap it through the
cortex and screw it home with the T-wrench, without
forcing the screw in any direction. The depth of
insertion is 40-50 mm (almost the entire thread
length). In young patients (16 years and under), use a

3.2 mm drill bit and drill guide to penetrate the hard
cortex to a depth of 1 cm. When placing screws into
the iliac crest, insert them within the region from 2 cm
to 7 cm posterior to the anterior superior iliac spine.
The screws should be directed towards the acetablum
and should follow the route between the outer and
inner table of the ilium.

The two screws in each hemipelvis are joined by rods
of suitable length, each one mounted with two screw
clip clamps. They are then locked firmly with the 5 mm
Allen wrench. Two rods are then used to join the first
two rods together by the rod clip clamps, which are
not yet tightened. The surgeon now manipulates the
fracture, if possible under X-ray control; when the
position is satisfactory, the assistant locks the rod clip
clamps firmly with the Universal T-Wrench or the 5 mm
Allen Wrench, while gripping them with the Clamp
Holder (92017) to counter-act the tightening forces.

In obese patients an additional bar with a fifth rod clip
clamp (not included in the steri box) may be used.
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