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and Triathlon®

Triathlon is designed to work with the body and remaining soft tissues to achieve stability.

Triathlon features a single radius throughout the arc of active flexion that is RO RIS g SRR S
designed to align with curvature of the patient’s native femur.!® This assists in
restoring the knee’s single center of rotation and allows for constant ligament
tension and stability in flexion.*®

Gait reviews comparing patients with a single or multi-radius knee implant
showed that patients with a single radius knee implant experienced gait
patterns that more closely mimicked that of the non-diseased control group.®

Knee flexion angle (degrees)

Additionally, a fluoroscopic study on 20 Triathlon TKAs showed the femoral
component was kinematically stabilized in mid-flexion ranges, and posterior

. . . . . ':-l F F Y F & F Y F Y F Y F Y A 'y
femoral rollback occurred in deeper knee flexion with this knee design.® ¢ W B XN & B & N & % W
Percentage of gait cycle

Informed by over 500,000 global Mako Total Knee procedures, Mako
Total Knee 2.0 is built on the legacy of Mako SmartRobotics™ — 3D CT-
based planning and AccuStop haptic technology.

Mako Total Knee 2.0 drives Functional Knee Positioning through

a customizable step-by-step workflow that includes a new Digital
Tensioner allowing for independent medial and lateral laxity
assessments, fine tune balancing to the half millimeter, a trialing
page and more.

C'T-based planning Dynamic joint AccuStop " haptic
balancing technology
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Planning Triathlon with functional planning guidelines

* Surgeons can set personalized intraoperative planning parameters using the

surgeon preferences feature. When adjusting the implant plan, if any value
exceeds these limits, a notification is provided to the surgeon.
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when values are outside of the defined range. Values can be saved for Varus and Valgus knees.

Configure desired femoral rotational and resection depth ranges. Notifications will appear on Implant Planning

Save&Exit

* The Mako Total Knee goalposts, seen in the images below, provide guidance
when making intraoperative adjustments and serve as a recommendation for

most cases.
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Configure desired tibial rotational and resection depth ranges. Notifications will appear on Implant Planning

when values are outside of the defined range. Values can be saved for Varus and Valgus knees.

Save&Exit
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Planning Triathlon with functional planning guidelines

The goalposts — in conjunction with
the functional planning guidelines
— are designed to help optimize
Triathlon component positioning
and enhance functional outcomes.’

* Not to exceed combined component position ranges.

Femoral component rotations

Varus/valgus alignment Femoral mechanical axis

External rotation Transepicondylar axis (TEA)

Femoral flexion Femoral sagittal alignment

Tibial component rotations

3° varus — 3° valgus
50 external — 3° internal

4° — 8° flexion*

Varus/valgus alignment Tibial mechanical axis

Posterior slope Tibial sagittal alignment

Combined component position

3° varus - 1° valgus

CR:3° | PS: 0-1°*

Overall limb alignment Femoral + tibial coronal alignment

Combined tibiofemoral Femoral flexion + tibial slope

flexion

Component resections

5° varus - 3° valgus

Tibia size = femur size, Max =10°
Tibia size < femur size, Max = 8°

Distal and posterior medial femur

Lateral tibia

Maximum: 10mm

Maximum: Smm
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Planning Triathlon with functional planning guidelines

akO | S 3 D CT- ba sed p I a n n i n g iS d e S ign e d t O W s : .:. i System Setup Bone Registration ntra-0p Planning Bane Preparation Case Comple_tinn
- External External Flexion

help surgeons achieve their desired Triathlon 56 B 4.0°

TEA

component positioning in the coronal, aaus
transverse and sagittal planes. The functional
planning guidelines enable the surgeon to
prioritize the attributes of the knee that have 8 el E60em
the most impact of function, before and atter
assessing the soft tissue laxities.

Follow the counterclockwise sequence on the implant planning
screen to complete the functional planning guidelines assessment.

0.0°

External

Implant Planning
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Planning Triathlon with functional planning guidelines

Flexion

5.0°

|

*
g
&

\

Step 1 Step 2 Step 3

Medial concentricity Mid-trochlea flexion J;!m__ Trochlea groove

* Triathlon's single radius design matches the * The unique 7° anterior flange design of Triathlon is * Triathlon's deepened trochlear groove 1s designed to
curvature of the native femur'= to help achieve designed to avoid the occurrence of notching. help relax the extensor mechanism, enable deeper

flexion and reduce contact stresses exerted across the
patella. Triathlon incorporates the same patellofemoral
design as Duracon, which demonstrated <1% patella-

concentricity and stability throughout the active

: * Scroll through the CT slices to ensure implant
flexion arc.*®

anterior runoff.

* Ensure that the fenqoralo componer}trs medial * The surgeon has the ability to anchor at the flexion femoral complication rates in multiple studies.?*
condyle 1s concentric with the native condyle radius center to flex the component and optimize . . . |
prgoperatlvely and after making implant femoral size while maintaining medial femoral * Use transverse CT Slicer view to confirm the femoral
adjustments. concentricity. component does not overstuff the patellofemoral

compartment.

* The magenta line of native bone should match the

. * Evaluate femoral flexion and size in comparison
blue of the implant.

to the tibia. Typically, the femur is the same size
or one size smaller than the tibia. Use the anchor
point to flex the component accordingly.

e Set the component to the desired size, and center
the component between the resected medial and
lateral cortical edges, so that there 1s no overhang ML.

* Position the component ML to reproduce the
patient’s native trochlea position, resulting in
symmetrical ML trochlea resection.

* Assess the volume of the anterior flange proximal
to native trochlea and anterior to anterior cortex.

* When making intraoperative adjustments, note the
amount of external rotation that is added to the
femoral component as this can disrupt the medial
concentricity.

Mako Total Knee SmartRobotics™ Functional Knee Positioning™ 7



Planning Triathlon with functional planning guidelines

External External

2.6° .

TEA

Step 4

Lateral column

Step 5

Tibila varus

Step 6

T1bial posterior slope

8.0mm 7.5mm 8.0mm 6.0mm

* In the coronal view, ensure that the lateral side of * Confirm that the tibial resection landmarks * Triathlon CR tibial posterior slope is set between
the component is not adding excessive tension to are positioned 2/3 posterior and default lateral 0 — 3° as Triathlon's shortened, flared posterior
the lateral side in extension and flexion. resection value is 7mm. condyles are designed to facilitate the relaxation

* Greater laxity laterally in both extension and * Medial tightness is more predictable to change by of the ?Oft ‘ilssu?(? to enable deep flexion without
flexion may be desirable. adjusting tibial varus and with a lateral pivot point CXCESSIVE S10pe.

than adjusting tibial slope. * The reduced slope guidance 1s designed to enhance

0 avold over lengthening the lateral column, the rotary and AP stability when there is no ACL and

surgeon may modulate femoral valgus and lateral * With medial bony erosion, the medial resection :
SO : no meniscus.
laxity In extension. may be less than 7mm. . .
* Modulate femoral IE rotation and lateral laxity in * The surgeon can accommodate for medial tibial Triathlon > short flared condylef take tension out
flexion bony erosion: of the flexion space beyond 110° and allow for
| o Y S o stability at 90° with minimal slope.
* Reduced resections laterally Wl].]. likely add * As a starting point, pin the tibia lateral and - Excessive slope may:
more tension to the lateral slide. drop the medial side into varus to coronally . It ; laxity in mid-flexi 1 th
L : : lent the tibia to reflect the estimated pre- Result in PCL laxity in mid-lexion with the
* Balance and position respecting the medial OT1CTIL LAE L . . P potential for inconsistent femoral translation
role of MCL and the PCL and the lateral role of diseased joint orientation. - Cause the femur to ride posterior in or block
the LCL. extension.

* Excessive roll back laterally is undesirable in TKA
as the popliteus lateral meniscus mechanism is
disrupted when the lateral meniscus is removed.
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Intraoperative assessment

Native deformity | Corrected deformity | Extension medial laxity | Extension lateral laxity | Flexion laxity

Case Planning System Setup Bone Registration Intra-Op Planning Bone Preparation Case Completion

Varus Flexion

4.0° 6°

1 Assess native deformity

Demo o @

TA>

Native Deformity
Corrected Deformity
Extension Medial Laxity
Extension Lateral Laxity

Flexion Laxity

Tibia Internal rotation: 4°

Place the leg in its native
deformity and capture the pose.

Initial Assessment

=
(@)

* The goal of the native deformity is to assess the leg’'s presented deformity in

both the coronal and sagittal planes.
* The surgeon should hold the ankle and let the joint sit freely.

Case Planning System Setup Bone Registration Intra-Op Planning Bone Preparation Case Completion

Varus Claxion - i p
0 : 0 ° ,: IY f%

V1 Native Deformity
Corrected Deformity
Extension Medial Laxity
Extension Lateral Laxity

Flexion Laxity

Tibia External rotation: 1°

Assess the correctable deformity in
extension and capture the pose.

Initial Assessment

2 Assess corrected deformity

* The goal of the corrected deformity is to assess whether the patient’s leg
1s correctable and to what degree of correction is achievable.

* The surgeon should slightly flex the joint 5-10° from the native deformity to
disengage the posterior capsule and apply a corrective force.

Mako Total Knee SmartRobotics™ Functional Knee Positioning™ o]



Intraoperative assessment: Digital Tensioner

The Digital Tensioner is used to capture the medial
and lateral laxities in both flexion and extension.

This does not require any additional instrumentation
or hardware. Medial and lateral compartment laxity
In both flexion and extension can be captured
independently and is measured by the half millimeter.

1 As the surgeon applies tension to the ligaments and opens each
compartment, an audible and visual cue will be provided every 0.5
millimeters.

2 Asthe surgeon opens a compartment, they may reference the audible cues.
Once the surgeon finds the end stop of the ligament, by referencing the
plateau of the stress/strain curve, the audible and visual feedback will
start to slow and eventually stop. Once it stops, the surgeon is ready to
capture the laxity value.

3 The system will temporarily store the maximum laxity value assessed, after
which the value can be captured into the laxity table by the Mako Product
Specialist. Once captured, the surgeon can move onto the next compartment.

beme @ B (@)

TAS

Native Deformity
Corrected Deformity
Extension Medial Laxity
Extension Lateral Laxity

Flexion Laxity

Tibia External rotation: 6°

Tension the lateral compartment to
obtain a maximum lateral laxity value
in extension

Live Laxity Maximum Extension
laxity table laxity capturable
value value range

It 1s recommended that the surgeon captures the extension poses at the
bottom of the capturable range to relax the posterior capsule and remove
the knee from screw home in order to better assess the ligaments, without
going into mid-flexion.
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Intraoperative assessment

Using the Digital Tensioner, the surgeon will:

Tension the lateral compartment to
ain a maximum lateral laxity value

Deformity =~ Alignment
Native 4.0°var

3 Assess medial extension laxity 4 Assess lateral extension laxity 5 Assess flexion laxity

* The goal 1s to assess the medial ligament laxity in * The goal is to assess the lateral ligament laxity in * The surgeon can take the medial and lateral
extension. Apply a valgus stress to the joint, extension. Apply a varus stress to the joint while compartments simultaneously. Using a tool, like
while listening to the Digital Tensioner’'s audible listening to the Digital Tensioner’'s audible cues. Mako spoons or osteotomes, the surgeon can
cues. Once the surgeon has reached the end stop Once the surgeon has reached the end stop of the apply tension to the joint and capture the laxity
of the ligament, they can release the tension and ligament, they can release the tension and pose with the Digital Tensioner.
capture the pose. capture the pose.
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Intraoperative planning

System Setup Bone Registration Intra-Op Planning Bone Preparation

External External Flexion

2.2° 0.0° 5.0

TEA

Mako allows the surgeon to make virtual adjustments | | P —

to the position of the implants before making cuts. The . s o [ron [ |4
surgeon can select specific pivot points for rotational -

adjustments which are in halt-millimeter increments. -

When assessing the laxities of the knee, the surgeon can take into
consideration the following implant positioning to help minimize soft
tissue releases:

0.00 . : Implant Planning

External

1 Femoral and tibia varus/valgus 2 Femoral internal/external rotation
Consider tibial adjustments first, as to preserve femur bony adjustments and Surgeon could consider adding femoral rotation, as needed, to balance
maintain the posterior condylar offset. flexion gaps.

* Symmetric extension gaps — Surgeon could consider adding varus to the
tibia then valgus to the femur to maintain extension gaps

« Asymmetric extension gaps — Surgeon could consider adding varus to
the tibia
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Intraoperative planning: planned target laxities

System Setup Bone Registration Intra-Op Planni Bone Preparation Case Completion
External External Flexion
2.1° s 5.0
TEA y b
. . .. . '_ j =N Triathlon CR Primary
In order to achieve Functional Knee Positioning at the end of the case, | .

consider adjusting the position of the implants to: y - —
1 Reduce the planned laxities on the medial side in flexion and extension

. . . . . O - Omm 0 - 0 mm 0 . Omm
2 Slightly increase the planned laxity laterally in flexion to accommodate — & M
natural rollback.

L
1 . O mm

0.0°

External

Implant Planning

Consider the following target laxities

« Extension medial: Omm
« Extension lateral: Omm
* Flexion medial: Omm

* Flexion lateral: 0.5 to 1.0mm
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Review the final plan and confirm the functional planning guidelines are met.

Refer to pages 7 and 8 and follow steps 1 through 6 for more details.

System Setup Bane Regictration

External External

3.4 .00

TEA

D .OFT'II'I'I 0 . DITIF':'I
1

External

Irtsa-Op Planning Bene Preparation

Flexion

6.0°

Capture points

Fermur

¥] 1 ]
3 U Irmplant Planning

F. Slope

Mako TkA2.0Deme ) 5o

* Final implant position is within the surgeon preferences

* Medial concentricity
* Lateral condyle resection

* Trochlea groove

- 58 irg Systam Setup Bane Registration

Varus External External

bt 3.4° 1.0°
( .

?.UITHTI 5.UFI"IT'I'I 8.5”1”1 5.5”1!11

L

5 . D mm 6 . U mm

= ¥V

0.0°

External

Intsa-Op Planning

Bone Preparation

Flexion

6.0°

Caze Cormpletion

Mako Tka 2.0Deme ) 52 @

ey

Capture points

Fermur

Irmplant Planning
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Varus knee guide Balancing symmetric

External External Flexion

2.2° e 5.0°

TEA

External External Flexion External  External Flexion

22° 0.0° 5.0° s A 2.2° s 5.0°

Initial Assessment Laxity o e - [ nﬂf Initial Assessment Laxity Initial Assessment Laxity
- - . mr I | N

Implant Planning - - - . Implant Planning

External > External > >

The extension gaps are symmetric and the flexion Move the tibial component distal 1.5mm.
gaps are asymmetric.

Intra- Op Planning Bone Preparation Case Completion Intra- Op Planning Bonhe Preparation Case Completion

External External Flexion

2.1° joe 5.0°

TEA

VE[T External External Flexion

-5 21° s 5.0°

=

Valgus External External

1.5 2.1° s

TEA

6.0mm  7.0mm

L

7.0mm  9.0mm

Initial Assessment Laxity

0.0°

External

0.0°

External

External

Add 1.5° of valgus to the femoral component. Move the femoral component distal 0.5mm to Check resection depths, PF joint and posterior
achieve symmetric extension gaps and flexion medial condyle in CT Slicer view to confirm
laxities are all balanced within 1.0mm. proper fit of components.
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AccuStop™ haptic technology

Mako's AccuStop ™ haptic technology

Mako's CT-based pre-planning enables AccuStop™ haptic

technology, allowing the surgeon to execute their plan * Constrains the saw within the virtual boundary that is established by
. . 119 the surgeon’s patient-specific plan'?
with precision and accuracy. * The surgeon 1s no longer limited by cutting blocks and manual techniques

* Allows the surgeon to execute more pristine bone resections,'* with less
soft tissue damage'* and greater bone preservation when compared to
System Setup Bone Registration Intra-Op Planning Bone Preparation emo o} \!n manual Cutting blOCl{SIS

* The surgeon can advance through their cut sequence by double clicking
the MICS trigger

Straight Saw, Standard

The powertul combination of
Mako and Triathlon Cementless

* Triathlon Cementless TKA has demonstrated excellent
clinical outcomes with five-year follow-up.!®

* Triathlon Cementless implants make up over half of the

Flexion: 86.0°

Hold the trigger to start alignment. Mal{o Total Knees implanted17 in the U.S.

Mako Park

* Ensures that the Mako System is positioned into the most optimal spot
for cutting. This will allow the surgeon to access each cut with ease and

complete bone prep efficiently.
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Bone Registration Intra-Op Planni

| f i
Max L £ - Max

1.0mm \Y ' .. ' ‘ 0.5 1.0mm ﬁ . e |‘ £ 0.5mm

Deformity  Alignment
\EE 1.5%val
Final | 0.5°val |

On this page, the surgeon can assess: The surgeon can utilize the sagittal and transverse preset views to
ensure the medial and lateral translations and drawer test

Final limb alignment
With the sagittal preset view on, and the lateral side visible, complete

Final compartment laxities, throughout the range of motion
AP drawer tests at the following intervals:15-20°, 45°, 60-70°, 90°

Medial and lateral translations, throughout the range of motion

AP drawer tests to confirm AP stability, throughout the range of During AP drawer test, the surgeon may notice that the medial side
motion doesn’t move but the lateral side rolls back

Mako Total Knee SmartRobotics™ Functional Knee Positioning™ @ 17



References

1.

10
11

12.

13.

14.

15.
16.

17.

Iwaki H, Pinskerova V, Freeman MAR. Tibiofemoral movement 1: the shapes and relative movements of the femur and tibia in the unloaded cadaveric knee. J Bone Joint Surg [Br] 2000;
82-B:1189-95.

. Hollister, A., The Axes of Rotation of the Knee, Clinical Orthopaedics and Related Research. Number 290 pp. 259-268
. Stryker Test Report MA-13-3551-TR Rev 0.
. Cook L, Klika A, Szubski C, Rosneck J, Molloy R, Barsoum W. Functional Outcomes Used to Compare Single Radius and Multiradius of Curvature Designs in Total Knee Arthroplasty J

Knee Surg 2012;25:249-254.

. Shimizu N, Tomita T, Yamazaki K, Kurita M, Futai K, Kunugiza Y, Sugamoto K. In vivo movement of femoral flexion axis of a single-radius total knee arthroplasty. ORS 2012 annual

Meeting. Poster# 1982.

. Larsen et al. Quantitative, Comparative Assessment of Gait Between Single-Radius and Multi-Radius Total Knee Arthroplasty Designs J Arthroplasty (2015).
. Kayani B, Konan S, Tahmassebi J, Pietrzak JRT, Haddad FS. Robotic-arm assisted total knee arthroplasty is associated with improved early functional recovery and reduced time to

hospital discharge compared with conventional jig-based total knee arthroplasty: a prospective cohort study. Bone Joint J. 2018;100-B(7):930-937. doi1:10.1302/0301-620X.100B7.BJJ-
2017-1449.R1

. Yong CK, Choon DSK, Soon HC. Midterm outcome of the duracon total knee arthroplasty. Journal of Orthopaedic Surgery 2008;16(2):197-200.
. Mont M, Yoon T, Krackow K, Hungerford D. Eliminating Patellofemoral Complications in Total Knee Arthroplasty Clinical and Radiographic Results of 121 Consecutive Cases Using the

Duracon System. Journal of Arthroplasty Vol. 14 No. 4 1999
. Greene K. Range of Motion: Early Results from the Triathlon Knee System.

. Mahoney O, Kinsey T, Mont M, Hozack W, Orozco F, Chen A. Can computer generated 3D bone models improve the accuracy of total knee component placement compared to manual
instrumentation: a prospective multi-center evaluation? Presented at: International Society for Technology in Arthroplasty (ISTA) 32nd Annual Congress; October 2-5,2019; Toronto,
Canada. International Society for Technology in Arthroplasty 32nd Annual Congress. Toronto, Canada. October 2-5, 2019.

Kayani B, Tahmassebi J, Ayuob A, Konan S, Oussedik S, Haddad FS. A prospective randomized controlled trial comparing the systemic inflammatory response in conventional jig-
based total knee arthroplasty versus robotic-arm assisted total knee arthroplasty. Bone Joint J. 2021 Jan;103-B(1):113-122. doi: 10.1302/0301-620X.103B1.BJJ-2020-0602.R2. PMID:
33380182.

Hampp EL, Chughtai M, Scholl LY, et al. Robotic-arm assisted total knee arthroplasty demonstrated greater accuracy and precision to plan compared with manual techniques. J Knee
Surg. 2019;32(3):239-250. doi:10.1055/s-0038-1641729

Kayani B, Konan S, Pietrzak JRT, Haddad FS. Iatrogenic bone and soft tissue trauma in robotic-arm assisted total knee arthroplasty compared with conventional jig-based total knee
arthroplasty: a prospective cohort study and validation of a new classification system. J Arthroplasty. 2018;33(8):2496-2501. doi:10.1016/j.arth.2018.03.042

Hozack WJ. Multicentre analysis of outcomes after robotic-arm assisted total knee arthroplasty. Bone Joint J:Orthop Proc. 2018;100-B(Supp_12):38.

Tarazi JM, Salem HS, Ehiorobo JO, Sodhi N, Mont MA, Harwin SE. Cementless Tritanium baseplate total knee arthroplasty: survivorship and outcomes at 5-year minimum follow-up. J
Knee Surg. 2020;33(9):862-865. doi:10.1055/s-0040-1712983.

Stryker data on file ; February 2022.

This document is intended solely for healthcare professionals.

A surgeon must always rely on his or her own professional clinical judgment when deciding whether to use a particular product when treating a particular patient. Stryker does not
dispense medical advice and recommends that surgeons be trained in the use of any particular product before using it in surgery.

The information presented is intended to demonstrate the breadth of Stryker’'s product offerings. A surgeon must always refer to the package insert, product label and/or instructions for
use before using any of Stryker’s products. The products depicted are CE marked according to the Medical Device Regulation 2017/745 or the Medical Device Directive 93/42/EEC.
Products may not be available in all markets because product availability is subject to the regulatory and/or medical practices in individual markets. Please contact your sales
representative if you have questions about the availability of products in your area.

Stryker Corporation or its divisions or other corporate affiliated entities own, use or have applied for the following trademarks or service marks: AccuStop, Functional Knee Positioning,
Mako, SmartRobotics, Stryker, Triathlon. All other trademarks are trademarks of their respective owners or holders.

JR-MTKA-TECHG-711902
Copyright © 2023 Stryker

stryker

325 Corporate Drive
Mahwah, NJ 07430, USA

A subsidiary of Stryker Corporation

t: 201 831 5000

stryker.com



	Mako Total Knee 2.0 and Triathlon®
	Planning Triathlon with functional planning guidelines
	Intraoperative assessment
	Intraoperative planning
	Review the final plan
	AccuStop™ haptic technology
	Trialing

