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Topics for Today
 History of Limb Lengthening

- Where did we start and where we are heading

* Tips for a Successful Outcome

- Anatomy and level of osteotomy

- Tips and tricks (venting, distal fixation)

* Introduction to PRECICE

- Implant options and instrumentation

e Case Study Review

- Reason for surgery and clinical outcome

e Discussion + Q&A

- Open discussion on topics important to the audience
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History of Limb Lengthening
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History of Limb Lengthening

(11905 - First published paper on principals and
applications of distraction osteogenesis techniques
by Prof. Alessasndro Codivilla (Italy).

= osteotomy, gradual lengthening through traction,
consolidation.

(11951 — Gavril llizarov develops external fixation
device, oldest and most common method of limb
lengthening.

(11987 — Jean-Marc Guichet, MD (France) develops
Albizzia intramedullary nail which adjusts with
rotation of knee and leg (femur) or foot (tibia).
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History of Limb Lengthening (continued)

(11996 — First surgeries in Germany using FitBone.

(11997 — Herzenberg and Paley first describe a
technique called Lengthening Over a Nail (LON).

= Combination of llizarov osteosynthesis and intramedullary
stabilization.

(12001 — Dean Cole, MD (Florida) develops ISKD
device.

(12011 — First case with PRECICE in New Zealand.

(12012 - ISKD field safety action pulling device from all
markets.
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Limb Lengthening Options Methods

(] External Fixation (ex-fix):

= |lizarov — Smith and Nephew.
= Taylor Spatial Frame (TSF) — Smith and Nephew.
= Most orthopedic companies market circular ex-fix frame.

(JHybrid Technique:

= Lengthening Over Nail (LON).
=  External & Internal devices used in combination.

JIntramedullary Nails:

=  Minimally invasive intramedullary nailing.

= |SKD Nail — OrthoFix (Recalled but may be re-released in select countries).

=  FitBone Nail — Wittenstein Group (CE Mark only & Compassionate Use).
= Guichet Nail — JM Guichet Clinic (1 Location in France).

= PRECICE Nail — Ellipse Technologies Inc. (Fba and CE Mark).
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llizarov External Fixation

1 Professor Gavriil Abramovich llizarov pioneered the
procedure in 1950s in Siberia.

d Circular fixation device using stainless steel rings with
pins that penetrate through skin, muscle tissue and
bone.

[ Available in the west since 1981.

M Lengthening process takes approximately 9-18 months.
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llizarov External Fixation

d Over 1 million cases worldwide.
 Can be assembled more than 600 ways.
4 Lightweight and full circular rings.

1 Simplistic nuts, bolts and wires that can be
adjusted based up on patients needs.

1 Exposes patient to risk of pin-track infections.

= |nfection requires additional surgery to replace pins
and fasteners.

= 30-60% of cases have complications and require
longer hospital stay (Paley, 1990).

d Limited mobility, may generate nerve and soft
tissue irritation, discomfort and pain.

 Distributed by Smith & Nephew.
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Taylor Spatial Frame (TSF)

J Advanced circular fixator.

[ Fractures, malunions, non-unions

d Angular, translational, rotational and length deformities can
all be corrected simultaneously with the TSF.

J Web based software allows preoperatively planning or
minor postoperative corrections.

 Distributed by Smith and Nephew.
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Taylor Spatial Frame

1 Correction of the bone deformity can take 3-4 weeks and

done via strut adjustment.
d Frame is left on leg 3-6 months.
A Distributed by Smith and Nephew.

Left limb deformity

Right limb deformity

Struts Struts
increased decreased
Medial #2, #5 #1. #4
translation
Lateral #1, #4 #2 #5
translation
Anterior #1, #2, #4, |#3.#6
translation #5
Posterior #3, #6 #1, #2, #4,
translation #5
Varus #6 (#1,#5) |#3 (#2,#4)
Valgus #3 (#2, #4) |#6 (#1, #5)
Apex #4, #5 #1, #2
anterior
Apex #1, #2 #4, #5
posterior
Internal #2. #4 #6 #1,#3. #5
rotation
External #1, #3, #5 #2 #4 #6
rotation
Lengthen ALL

Struts Struts
increased decreased
Medial #1, #4 #2_ #5
translation
Lateral #2 #5 #1, #4
translation
Anterior #1, #2, #4, |#3. #6
translation #5
Posterior #3, #6 #1, #2, #4,
translation #5
Varus #3 (#2,#4) |#6 (#1,#5)
Valgus #6 (#1,#5) |#3 (#2,#4)
Apex #4, #5 #1, #2
anterior
Apex #1, #2 #4. #5
posterior
Internal #1, #3, #5 #2 #4 #6
rotation
External #2, #4, #6 #1, #3, #5
rotation
Lengthen ALL
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Lengthening Over Nail - Hybrid Technique

 Using external fixator with internal nail.
 Unilateral or circular external fixator.

1 Stable construct.

 Requires additional surgical procedures.

12
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Lengthening over Nail — Hybrid Technique (continued)

(1 Reduces fixator time as the nail may be distally locked with
screws when the desired distraction is reached.

[ May reduce complications such as pin-tract infection.
 Eliminates post-op casting removal.

 Prevention of fracture due to stable construct.
 Faster healing rates seen than just internal alone.

1 External fixation portion is approximately 5-8 months.

L LON with external fixation requires external fixation during
distraction phase which is 1+ month.
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Intramedullary Nail Lengthening

M Minimally invasive surgical approach.
[ Eliminates risk of pin-site infections.

d Improved patient comfort and satisfaction vs. external
fixation.

 Intramedullary stabilization.
 Surgical time may be reduced.
 Nail removal at 1 - 1.5 years.
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Tips for a Successful Outcome
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Lengthen or Shorten

[ When to limb lengthen in the femur and tibia.
= Congenital differences in limbs.
= Trauma.
= Bone tumors.

J Shortening consideration.
= Non-compliance concerns.
= Poor bone regeneration potential.
= Age of the patient.
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Pertinent Anatomy

1 Muscles, tendons and ligaments to remember.

1 Nerves and stretching.
=  “Nerves are highly viscoelastic tissues and show marked stress
relaxation.”

=  “Major nerve injury complications also depend on the amount of
lengthening; they rarely occur with lengthening of less than 10 cm,
but with lengthening of more than 10 cm, 12% of patients developed
transient sensory or motor loss.”

* Nakamura, Matsushita, Okazaki and Kurokawa. Soft tissue responses to limb lengthening. Journal of Orthopaedic Science, 1997. 17
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Pre-Operative Assessment

Careful pre-operative evaluation and planning, proper surgical
technique and extended post-operative care by experienced
surgeons are essential for success of any lengthening procedure.

Pre-operative evaluation is performed to determine:
d Limb length discrepancy.

d Type of nail approach (antegrade or retrograde).
= Antegrade: Piriformis Fossa or Greater Trochanter.

M Overall length of nail.
1 Diameter of nail (8.5 mm, 10.7 mm or 12.5 mm).
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Case Planning

Limb Length Discrepancy Measurements

Examination Period:

[ Baseline/pre-operative

T

PSu [eIqLL

<
%

3. Contralateral Limb

d,; = 0.0
Flzljlj.l:'

T1 = DDD

5. Limb Length
Discrepancy

4. Treatment Limb

O Left O Right

dzz DDD mm

F2= I:“:ll:l mm

T2: DDD mm

Lift = LI mm

~@-aprnie- LI mm

Use a magnification marker to ensure accurate measurements.
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Case Planning

1 3D imaging software to plan
deformity correction and limb
lengthening cases.

= Perform measurements, fix
prostheses, simulate osteotomies
and visualize fracture reductions.
 Over 2,500 implant families are
part of the TraumaCad software
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Level of Osteotomy

[ General rules to follow.

 Situations where changing osteotomy site should be
considered.

LCO068-A
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Osteotomy Calculation

O 3 cm (proximal distraction rod) +
the desired amount of bone
lengthening (up to 8.0 cm) + an
additional 4-5 cm.

O This measurement is the distance
from the tip of the proximal
distraction rod to the osteotomy.

Target Bone
Lengthening

Additional

[ This measurement may need to be 4-5cm { Length

modified if there is a deformity to
be addressed in the frontal or
sagittal plane.

=
=
—
=
=
=
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Intramedullary Corticotomy

1 Importance of intact intramedullary blood supply.
 Preserving the periosteum.

LCO068-A
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Venting and Reaming

Intramedullary reaming of a closed bone generates high intramedullary pressures that have
been associated with complications such as fat embolism”

 Place multiple venting holes at
the planned osteotomy site prior
to reaming.

= Egress for bone marrow at osteotomy
site.

= (Osteotomy site facilitation.
= Avoid fat embolism.

 Avoiding thermal necrosis

J 2 mm or more over the outer
diameter of the nail

1. Intramedullary pressure and bone marrow fat intravasation in unreamed femora nailing. Kropfl A, Berger U, Neureiter H,
Hertz H, Schlag G. JTrauma. 1997 May;42(5):946-54
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Entry Points and Tips and Tricks

 Entry points.
= Piriformis Fossa or Greater Trochanter.
= Tibia.
[ Shanz pins / ex-fix.
=  Manipulation and control.
= Prevents mal-rotation.

 Blocking screws.
= Ensures proper seating of the nail.
= May allow for minor angular deformity correction.

LCO068-A
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General Rules

[ Consolidation Phase is twice as long as Distraction Phase.
 Latency and the quality of bone produced.
[ 1 mm per day of distraction / 0.33 mm 3 x per day.

= When 1 mm a day is too little / much.
d Weekly X-Ray imaging.
d Lengthening too quickly: overstretches soft tissues and

inability of bone to form in gap.

d Lengthening too slowly: early consolidation prior to
lengthening being achieved.

1 Consider using a A/P screw distally to provide two planes of

fixation and added rotational control (especially on smaller
diameter implants).
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General Rules (continued)

O After the bony distraction has been completed, the patient’s weight

bearing status must still continue at 20% load on the implanted leg
not to exceed 50 pounds.

[ Once two sides of regenerate bone (anterior, posterior, medial, lateral)

have completely healed with bridging bone, the patient may begin
loading more weight onto the implanted leg.

Figure la Figure 1b Figure lc Figure 1d
All Four Quads Single Quad Adjacent Quads Opposing Quads

27

LCO068-A



Introduction to Ellipse
Technologies and the PRECICE®
System
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Ellipse Technologies, Inc.

JThe company is dedicated to the design,
development and successful commercialization of
noninvasively adjustable implants for orthopedic
deformity and trauma procedures.

JThe company is based in Irvine, CA and was
incorporated in 2005.

JTwo target markets:
= Spine = MAGEC®
= Limb Lengthening = PRECICE°
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PRECICE® Limb Lengthening System

PRECICE ®is designed to eliminate

the need for external fixation devices in
linear limb lengthening procedures, now
considered the gold standard of care.

= Adjustable intramedullary nail
incorporating patented magnetic
remote control technology.

= Designed for the lengthening of the
tibia and femuir.

30
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PRECICE Limb Lengthening System

dMinimally invasive implant + IM Nailing
Benefits (eliminates pin-site infection, etc.).

dLengthening up to 80 mm.

(JReversible if necessary for delayed
healing (accordion maneuver).

dTargeting limb lengthening procedures of
femur and tibia:

= Legs shortened due to congenital
abnormalities.

= Major fractures due to trauma or disease.
= Malunion and non-union.

31
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PRECICE Limb Lengthening System

O Typica PRECICE limb lengthening procedures of the femur
and tibia include:

» Legsshortened due to congenital abnormalities.
= Maor fractures due to traumaor disease.

» Malunion and non-union.

= Jature lengthening.

L Cugtomizable Lengthening Protocol.

O Non-invasve Digraction via Externa Remote Controller.
O Patient Preferred Treatment Option.*

L Novel Magnetic Technology.

O Up to 80 mm of Digraction.

O Nail May Be Reversed.

* Herzenberg JH, Standard SC and Specht SC. Limb lengthening in children with a new, controllable
internal device. European Paediatric Orthopaedic Society (EPOS); April 17-20, 2013; Athens, Greece.

@} ELLIPSE
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Rare Earth Magnet

O The key to the Hlipse platform
technology is the interaction between the
PRECICE intramedullary nail and the
ERC. This interaction between magnets
precisely modifies the length of the
implant.

= Rotational Force ——Axid Force.

» Rare Earth Magnets.
Neodymium Iron Boron (NdFeB)

é%ELLI PSE
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Rare Earth Magnet (continued)

- NdFes, The PRECICE
" Developed in 1982 by General invo?vesthe usfgfﬁf;
Motors. drength magnets.

Improper handling of
magnets can result in
severe persona injury or
damage to equipment.

= Most powerful permanent magnet.

*PRECICE has not been tested for use with Magnetic Resonance Imaging (MRI) machines.

é% ELLIPSE ”
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Internal Components

O The proprietary technology includes a
complex interna gear sysem wirelessy
powered and controlled by permanent
magnets.

» Internal magnet.
= Complex gear box sysem.

» Lead screw which lengthens the
intramedullary nail.

é%ELLI PSE
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35



External Remote Controller (ERC)

JAdjusts PRECICE system after implantation.
dContains two magnets which rotate when activated.

Daily lengthening sessions performed by the patient at the
comfort of their home.

dWeekly clinical and radiographic evaluation during the
distraction phase confirms lengthening & new bone formation.

Distraction can be changed and is customizable based on
surgeons prescription.
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PRECICE Results to Date

1 Over 950 cases performed since December 2011 —
April 2014,
= 80% femur cases.
= 20% tibia cases.
= Over 135 surgeon users.
= 14+ Countries.

] Nail Sizes available.
= 8.5 mm with 3.5 mm distal screws
= 10.7 mm with 4.0 mm distal screws.
= 12.5 mm with 5.0 mm distal screws.
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PRECICE® Clinical Data
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Clinical Studies

 Prospective, multi-center, single arm study (no control group).

 Unilateral limb lengthening with 2-year follow up after
consolidation phase completed.

4 6 clinical sites with 30 total patients. 1
[ First patients enrolled August 2012.

1 Performance outcomes include:

=  Achievement of lengthening goals. 16 of 30

= Distraction rate control. patients
enrolled.

= Quality of regenerate bone.
= Patient Quality of Life assessments.
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Poster #1

e

Limb Lengthening in Children with
a New, Controllable, Internal Device
EPOS: April 2013, Athens, Greece

John Herzenberg, MD

Shawn Standard, MD

Stacy Specht, MPA

é% ELLIPSE
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4 Study Design

Retrospective, non randomized, single center
performed by 2 surgeons.

20 patients (27 nails) underwent lengthening
procedures between 01/2012-03/2013.
Procedures included 22 femur and 5 tibia.

Mean age was 13.5 years and mean pre-operative
length discrepancy was 5.2 cm.*

J Methods

X-Rays were used to evaluate bony consolidation.

H Results

20 of 27 patients completed lengthening at time of
study with 1 device related complication.

Target lengths programmed into ERC closely
matched radiographic measurements (5.2 vs. 5.6
cm).

Range of motion was maintained.

9 patients who had prior lengthening with an
external fixator completed questionnaire comparing
their experiences:

- 9/9 reported easier physical therapy, better
cosmetic results and higher overall satisfaction.

- 9/9 would chose internal fixation over external
fixation.



Poster #2

MS, PhD; Fi in, MD; Re

....:,1, Precision o'the New Remote Contmllcd lnte Ilc gth niny ¢ N il ’ =\S
.:- Kirane, n, MBBS, D.Orthe S. Rober ’
o !
-
P

Precision of the New Remote Controlled

d Study Design

Retrospective, non randomized, single center
performed by 2 surgeons.

17 patients (17 nails) underwent lengthening
procedures.

Procedures included 10 femur and 7 tibia.

J Methods

X-Rays were used to evaluate bony consolidation.
Calibrated digital radiology system was used to
measure distraction distance during each patients
follow-up appointment.

Internal Lengthening Nail O Results

HSS Research Symposium: June 2013, New York, NY .
Yatin Kirane, MD,

Austin Fragomen, MD
Robert Rozbruch, MD

é % ELLIPSE

0 device related complications or failures.
100.7%+0.23% lengthening accuracy (33.65 vs.
34.47 mm) at mean 13.5 week follow-up (4-30
weeks).

Overall temporary range of motion loss of 5.5 was
noted.

100% of femurs had excellent bone healing.

2 out of 7 tibias were injected with BMA for delayed
healing.

41



Peer Reviewed Paper #1

Clin Orthop Relat Res Clinical Ont Wpaedics
DO 10.1007/511999-014-3572.3 and Related |
Thiki e

U Study Design
Institutional review board-approved, non randomized,
prospective study, single center, performed by 2 surgeons.
. 18 patients (21 nails) underwent lengthening procedures
between 01/2012-05/2013.

= Procedures included 6 femur and 2 tibia.

SYMPOSIUM: 2013 LIMB LENGTHENING AND RECONSTRUCTION SOCIETY

Internal Lengthening Device for Congenital Femoral Deficiency
and Fibular Hemimelia

g i = 10 female and 8 male patients with a mean age of 19 years (9-

Shawn C. Standard MD, John E. Herzenberg MD

49 years).*

. Limb length discrepancy of 2 cm or more and a intramedullary
canal capable of withstanding a device at least 12.5 mm in
diameter and 230 mm in length.

. 19 bone segments received a 10.7 mm diameter nail and 2
bone segments received a 12.5 mm device.

Internal Limb Lengthening Device for O Methods

Congenlt_al Femoral Deficiency and Fibular =  X-Rays were used to evaluate bony consolidation.
Hemimelia = Al PRECICE nails were lengthened 1-3 mm
Clinical Othopaedics and Related Research: intra-operatively.

March 25, 2014

Lior Shabtai, MD

Stacy Specht, MPA D Res(l)'ldlts lated licati

Shawn Standard, MD evice related complications.

. Mean healing index was 0.91 months/cm (0.2-2.0
months/cm); no statistical difference in healing times
between femurs and tibias (0.81 vs. 1.1 months/cm; p=0.54).

= 4 patients had delayed healing resulting in bone grafting
operations; are now fully healed.

. ERC was accurate < 2 mm’s of discrepancy; may be due to
measurement error or magnification.

é % ELLIPSE "

John Herzenberg, MD



Peer Reviewed Paper #2

o e R Rl d St udy Design
— Retrospective, non randomized, single center performed by 2
surgeons.
. 24 patients (25 nails) underwent lengthening procedures
between 08/2012-07/2013.
Vatin M. Kirane MBBS, DOrtho, Phb, . Procedures included 17 femur and 8 tibia.
LSS i »  5female and 19 male patients with a mean age of 31 years
(13-67 years).*
. Target lengthening of no more than 65 mm (maximum
allowed in 15t generation PRECICE).

g Th Association oL Bonc.0d Joinl Ugests D MEthOdS

Follow-up protocol involved clinical and radiographic
examinations at 2-weekly intervals during the active

Precision of the PRECICE® Internal Bone lengthening phase. o _
Lengthening Nail . 1-monthly intervals during the consolidation phase until

Clinical Othopaedics and Related Research: complete bo_ny healing was achieved; to measure length
and bone alignment.
March 28, 2014

SYMPOSIUM: 2013 LIMB LENGTHENING AND RECONSTRU( TION SOCIETY

Precision of the PRECICE" Internal Bone Lengthening Nail

Yatin Kirane, MBBS | ReSU Its
Austin Fragomen, MD All patients completed target lengthening.
Robert Rozbruch, MD =  Mean total lengthening for all patients was 35 mm
(14-65 mm).
" Accuracy of distraction was 96% *15% and the precision
was 86%.

" ROM was temporarily affected but ROM and gait were
normal within 2 months after surgery.

" 1 (4%) implant related complication was reported when the
nail failed to distract; an exchange nailing was performed.

é )ELLIPSE 43



Clinical Studies (continued)

Limb lengthening s sss s Artarnainagn et c davice
'Q':-t#num B CINT Ty

Limb Lengthening with a New Internal
Magnetic for Post-Traumatic Injury
John Herzenberg, MD

Stacy Specht, MPA

Shawn Standard, MD

Janet Conway, MD

e Precision of the New Remote Controlled Internal Lengthening Nail
Kirane, Yatin, MBBS, D.Ortho, M, mw:a::.,mmmn; Rozbruch, S. Robert, MD
— e . Precision of the New Remote Controlled
Y . e, o Internal Lengthening Nail
R - e Yatin Kirane, MD,
' i Austin Fragomen, MD
e == Robert Rozbruch, MD

- magetcperated
- recent o2 apseal
- cinca fScacy ot esabished

Materials and Methods
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Clinical Experience and Results
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Pre-op Lengthening
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Initial Post-op
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Two Months Post=-op

IMAGE NO
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[YEAGER ANDREW

ADULT AND PEDIATRIC ORTHOPEDIC SPECIALISTS
Pt ID: 52784

[Birth: 10/28/2007

[Desc: LEG,PEDIATRICS / LOW_EXM

[Exam Date: 9/30/2011

ELLIPSE

Three Months Post-op

[YEAGER ANDREW

ADULT AND PEDIATRIC ORTHOPEDIC SPECIALISTS
Pt ID: 52784

[Birth: 10/28/2007

[Desc: LEG,PEDIATRICS / LOW_EXM

[Exam Date: 9/30/2011




Case Study #2

Early Post-op
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Six Weeks Post-op

[RAMIREZ VERONICA g [RAMIREZ VERONICA

JADULT AND PEDIATRIC ORTHJEREDIC EC ] ADULT AND PEDIATRIC ORTHOPAEDIC SPECIALISTS
[Pt ID: 85007 : [Pt ID: 85007

[Birth: 4/10/2001 /

[Desc: FEM PROXIMAL / PEL
[Exam Date: 8/20/2012

ELLIPSE



[RAMIREZ VERONICA

ADULT AND PEDIATRIC ORTHOPAEDIC SPECIALISTS
[Pt ID: 85007

[Birth: 4/10/2001

[Desc: FEMUR, PROXIMAL /

[Exam Date: 9/17/2012

é % ELLIPSE

Three Months Post-op
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Four Months Post-op

[RAMIREZ VERONICA ; [RAMIREZ VERONICA
LT AND PEDIATRIC ORTHOPARDIC SPECIALISTS - ADULT AND PEDIATRIC ORTHOPAEDIC SPECIALISTS
[Pt ID: 85007 [Pt ID: 85007
[Birth: 4/10/2001 [Birth: 4/10/2001
[Desc: FEMUR, DISTAL / LOW_EXM [Desc: FEMUR, DISTAL / LOW_EXM
[Exam Date: 10/15/2012 [Exam Date: 10/15/2012
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Case Study #3

Ramirez, Stephanie Ramirez, Stephanie CHOC
762939 XR Tibia Fibula 2 Views Rt
10/24/2000 T Tib/Fib Lat Right
13 YEAR 6/25/2014 3:08:15 PM

XR-14-0024976

CHOC
XR Tibia Fibula 2 Views Rt
T Tib/Fib AP Right

W: 2120
Compressed 27:1
Page: 10f 1 M

Page: 10f 4
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One Month Post-op
Suboptimal Regenerate Bone
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Four Months Post-op




Contraindications

Contraindications:

Infection or Pathologic conditions of bone such as osteopenia which would impair the
ability to securely fix the device.

Metal allergies and sensitivities.

Patients whose distance from the surface of the treated limb to the intramedullary canal
is greater than 51 mm.

Patients with an irregular bone diameter that would prevent insertion of the IMLL.
Patients in which the IMLL would cross joint spaces or open epiphyseal growth plates.
Patients in which there is an obliterated medullary canal or other conditions that tend to
retard healing such as blood supply limitations, peripheral vascular disease or evidence
of inadequate vascularity.

Patients unwilling or incapable of following postoperative care instructions.

Patients weighing in excess of 114 Kg for the 10.7 mm diameter implant.

Patients weighing in excess of 57 Kg for the 8.5 mm diameter implant.

LCO068-A
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Thank You
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