) PHANTOM ]}

INTRAMEDULLARY NAIL

TECHNICAL MONOGRAPH

Exclusively foot & ankle

[Paragon



PHANTOM?® | Intramedullary Nail

DESIGN

» The Phantom® Intramedullary Nail is a locking implant system used in the fusion of the first tarsometatarsal (TMT) joint to treat
hallux valgus. The Phantom® Intramedullary Nail is designed to:

e Provide a safe and effective intramedullary option for first TMT arthrodesis.
* Minimize the disruption to bone and soft issue at and around the arthrodesis site.
e Provide structurally sound fixation that prevents plantar gapping.

e Dialin 80-100 N of compression across the fusion site to promote bone healing.
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EVIDENCE

Figure 1. Radiographic imaging of a hallux valgus patient who was
treated with a Phantom® Intramedullary Nail (12 weeks post-op).

Figure 2. A Phantom® Intramedullary Nail
undergoing in vitro cyclic testing.

Figure 3. FEA of the Phantom®
Intramedullary Nail.

Real-World Clinical Evidence

»

Multiple studies involving the Phantom® Intramedullary
Nail showed high union rates, low recurrence rates, and
significant improvement in pain and function scores
across a variety of patients (Figure 1)1

In Vitro Analysis

>

The Phantom? Intramedullary Nail showed significantly
less plantar gapping compared to screw fixation
(Figure 2).”

Biomechanical Analysis

>

Less disruption of the periosteum compared
to biplanar plating®

Less disruption of the arthrodesis site compared
to crossed screws ®

Better multi-direction stability compared to dorsal
plating and non-anatomic medial plating.?

Computational Analysis

>

Finite Element Analysis (FEA) showed that the Phantom®
Intramedullary Nail demonstrates less plantar gapping
and implant stress when compared to two crossing
screws and biplanar plating constructs (Figure 3).1°
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REAL-WORLD CLINICAL EVIDENCE

Multiple studies have been conducted to support the safety and effectiveness of the Phantom® Intramedullary Nail across varied

patient populations.

Results from these studies reported high rates of union, low rates of recurrence, improved radiographic alignment, and improvement in

function scores, quality of life scores, and pain scores.

High Union Rate
90%-96.7%"356

Low Recurrence Rate
09%-3.3%135

Low Wound
Complication Rate

09%-1096+356

Minimal Shortening
of the Medial Column

0.6%?3

2.4mm?

Improved Function
FAAM ADL:15.9 points?
AOFAS: 37.2-40.7 points'*
FAOS ADL:17.8 points*

N B/

Improved Quality of Life
Neuro QOL: 5.3 points?
FAOS QOL: 34.4 points*

Reduced Pain

VAS/Pain Scale: 2.3-4.7 points'#

FAQOS Pain: 20.6 points*

PROMIS Pain Interference: 3.0 points?

Improved Radiographic
Alignment

Intermetatarsal Angle'®

Hallux Valgus Angle!®

Frontal Sesamoid Rotation Angle*
Distal Metatarsal Articular Angle>®
Tibial Sesamoid Position?®

Meary's Angle?

Note: Changes in pain, function, quality of life, and radiographic alignment based on averages at pre-op and post-op.
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IN VITRO ANALYSIS

Background

>

Excessive gapping between bones or too much interfragmentary
motion can lead to delayed union or nonunion.12

» Compression across the fusion site can reduce the plantar gap and motion.?
Study Goal
» Determine the resistance to plantar gapping of the Phantom®
Intramedullary Nail as compared to crossing screw fixation.”
Methods
» Cadaver specimens were implanted with either a Phantom® Intramedullary . o . lary Nail
Nail or two crossing screws across the first TMT joint. isure > Phantom-Intramedu ary el
showing 0.3 mm of plantar gapping after
» 100 N of compression was applied through a torque indicating 20,000 cycles.
driver for all Phantom® Intramedullary Nails.
» The necessary anatomy was dissected and prepared for testing on the test
frame.
» Radiopaque beads were used as motion markers
and placed on each side of the first TMT joint.
» The metatarsal head was loaded from 10-40 N at 1 Hz for 20,000 cycles.
Results
» Compared to two crossing screw fixation, the Phantom® Intramedullary Nail had:

Less plantar gap widening (0.54mm vs 0.17mm, p = 0.014, Figures 4-6).
Smaller final plantar gap (1.37mm vs 0.48mm, p=0.022).

CYCLIC TESTING RESULTS

Figure 6. Two crossing screw fixation

3 showing 1.7 mm of plantar gapping after
20,000 cycles.
25
= 2
=
£
o 15
3 Conclusion
S 1 . e
g The Phantom® Intramedullary Nail exhibited
&U 05 less gap widening and a smaller final gap which
i may result in a more conducive bone healing
0 ‘ environment than two screw fixation.
Phantom® Crossing Screw
Intramedullary Nail
. Initial Gap . Final Gap . Gap Widening

Figure 4. Average plantar gapping with 95% confidence intervals.
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BIOMECHANICAL ANALYSIS-BONE AND TISSUE DISRUPTION

Figure 7. Periosteum disruption area for biplanar plating (left)
and the Phantom® Intramedullary Nail (right).

The Phantom® Intramedullary Nail
has 10% less cross-sectional area
than two 4.0 mm crossed screws
at the arthrodesis site (Figure 9)8

The biplanar plating systems have over 3x the amount of
surface area disruption when compared to the Phantom® ""1’5{&.‘:
Intramedullary Nail (Figures 7 & 8).8

500
. Figure 9. Arthrodesis site disruption area for two crossing screws (top)
NE 400 and the Phantom® Intramedullary Nail (bottom).
=
S 300
o
<
o 200
®
T 100
>
(2]
0

Biplanar Plates Phantom®
Intramedullary Nail

Figure 8. Comparison of periosteum disruption.

BIOMECHANICAL ANALYSIS-STABILITY

The stability of the Phantom® Intramedullary Nail was compared with that of a dorsal plate and a straight medial plate (Figure 10).°

» Dorsal plating is strongest in the horizontal direction and weakest in the vertical direction.
» Straight medial plating is strongest in a vertical direction and weaker in the horizontal direction.

» The Phantom® Intramedullary Nail shows the same strength, regardless of directive forces.

+ -+ +

DORSAL PLATING STRAIGHT MEDIAL PLATING IM NAIL

Figure 10. A generalized representation of first TMT arthrodesis hardware stability.
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COMPUTATIONAL ANALYSIS
IN BRIEF

Plantar gapping and implant stress was investigated for three
different methods of fixation used in first TMT arthrodesis
(Figure 11).10

» The Phantom® Intramedullary Nail

» Two crossing screws

» Biplanar plating

All devices were tested in the same fashion.

» Each device was virtually implanted.

» Thefirst TMT joint was positioned to have either
O mm or 2 mm of initial plantar gap.

» Compression was applied, where applicable.

» Aload 243 N was applied to the metatarsal head
to mimic forces seen during gait.?

Plantar gapping and implant stress were calculated
and compared across devices.

Thresholds of 3mm of plantar gapping'#'® and
940 MPa (the ultimate strength Ti-6Al-4V ELI) were
used as references for failure.

The Phantom’ Intramedullary Nail experienced the smallest
plantar gapping and the least amount of implant stress when
compared to 2 crossing screws and biplanar plating.

0 125 250 375 500 625 750 875 1000 (MPa)

Figure 11. Implant stress for the Phantom® Intramedullary Nail (top), two crossing
screws (middle), and biplanar plating (bottom) for the 2 mm initial gap scenario.
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COMPUTATIONAL ANALYSIS-METHODS

Step 1

A weight bearing CT (WBCT)
scan from a hallux valgus patient
was identified (Figure 12).

Figure 12
\ Step 2
\ The first metatarsal and medial
L ! cuneiform were segmented to
( ¢ (" ad create 3D bone models (Figure 13).
y
Figure 13

\ Step 3

¥ ) Testing scenarios of O mm (left) and 2 mm (right)
- of plantar gapping were created (Figure 14). The

( f’/ ‘ 2 mm initial gap was created by removing an

additional 2 mm of the metatarsal at the base.
b

ST
. 7 W
§ \ -~ -
Figure 15

Step 5
FEA was performed (Figure 16).

Figure 14

Step 4
A Phantom® Intramedullary Nail

o

(left) two crossing screws (middle),

and biplanar plates (right) were
virtually implanted for each testing
scenario (Figure 15).

Figure 16
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COMPUTATIONAL ANALYSIS-METHODS

Applied Loads

In all models, a bending force of 243 N was applied to the head of the metatarsal. The force was oriented perpendicular to the ground

to simulate weightbearing (Figure 17).

» Forthe Phantom® Intramedullary Nail » No additional forces were applied for
construct, 100 N of compression the two crossing screw construct.
was applied distally to proximally
following the direction nail.

Compression

100N) gy, of's

o

Bending Bending
(243 N) (243 N)

COMPUTATIONAL ANALYSIS-RESULTS

The resultant plantar gap for each testing scenario is shown below (Figure 18).

The 2 mm initial gap created a reduced moment arm after compression (where applied)
and consequently reduced plantar gapping by a minimal amount (0.4 mm). Other
ramifications of metatarsal shortening were outside of the scope of this study.

Resultant Plantar Gap - O mm Initial Gap Resultant Plantar Gap - 2 mm Initial Gap

oy “

.

A pev D
0.53mm
™ - .‘“ ; 3 (T
B - E
0.71 Enm

» Forthe biplanar plate construct,
150 N of compression was applied
distally to proximally.*

Compression
(150 N)

Bending Figure 17.
(243 N) Loads applied to the Phantom®
Intramedullary Nail (left), two

crossing screws (middle), and
biplanar plates (right).

The Phantom® Intramedullary
Nail demonstrated the least
amount of plantar gapping

in both the 0 mmand 2 mm
initial gap scenarios compared
to two crossing screws and
biplanar plating.

Figure 18. Resultant plantar gap after loading at

0 mminitial gap (A, B, C) and 2 mm initial gap (D, E, F)
for the Phantom® Intramedullary Nail, two crossing
screws, and biplanar plating.
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COMPUTATIONAL ANALYSIS-RESULTS

» Plantar gapping for the Phantom®
Intramedullary Nail was below the
failure risk threshold of 3 mm

PLANTAR GAPPING

6
Figure 19).
51 (Fig )

= 5 » Bothtwo crossing screws and
e biplanar plating exceeded the failure
00 4 S threshold in at least one scenario.
K= 3.34
: . .
g 5 FailureRisk__ o _
©
(@)
p—
© 2
c
©
o 1

, -

0 mm 2mm
. Phantom® Intramedullary Nail . Crossing Screws . Biplanar Plates
» The Phantom® Intramedullary Nail
IMPLANT STRESS )
experienced less stress than the
3500 357 other constructs tested.

3126 » Both two crossing screws and

3000 2763 biplanar plating experienced implant
stress that exceeded the yield strength
220 of titanium in one or more scenarios.
2000
1500 .
Titanium Yield Conclusion
1000 == Strength — The Phantom® Intramedullary
672 Nail experienced the smallest
YUY 394 371 plantar gapping and the least
0 amount of implant stress when

compared to two crossing

Implant Stress (MPa)

O0Omm 2mm

screws and biplanar plating.

. Phantom® Intramedullary Nail . Crossing Screws . Biplanar Plates Based on this FEA S'mUIatlon’

Phantom® Intramedullary Nail

may offer a biomechanical
Figure 19. Plantar gapping (top) and implant stress (bottom) y

for each tested construct at initial gaps of 0 and 2 mm. advantage over the alternative
fixation methods tested.

10
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