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INTRODUCTION

User Manual Terms of Use

This manual is provided by MAKO Surgical Corp. (Stryker) and should be used for informational 
purposes only. Terms and Conditions related to the use of the Mako System can be found in the 
placement agreement with the system user.

About This Manual

This manual describes a strategy for clinical implementation of the Mako (MAKOplasty) PKA procedure 
using the Mako System. The Mako is a platform system that is available for use in partial knee 
procedures as described in the indications for use statement below. This guide is specific for the partial 
knee application.

Manufacturer Support/Feedback
MAKO Surgical Corp.
2555 Davie Rd. 
Ft. Lauderdale, FL 33317 USA
Corporate Office Phone +1 (855) 303-6256 
makosurgical.com

Medical and Product Information

This manual is informational only and is not intended as medical advice or a substitute for medical 
advice. As a manufacturer of medical devices in the field of orthopedics, Stryker does not practice 
medicine and does not recommend the surgical techniques referenced or discussed in this manual or 
any other surgical techniques for use on a particular patient. Stryker is not responsible for selection of 
the appropriate surgical technique to be utilized for an individual patient.

Patents

Reference: U.S. Patents http://patents.makosurgical.com/15

Indications for Use

The Partial Knee Application (PKA), for use with the Mako System, is intended to assist the surgeon in 
providing software defined spatial boundaries for orientation and reference information to anatomical 
structures during orthopedic procedures.

The Partial Knee Application (PKA), for use with the Mako System, is indicated for use in surgical knee 
procedures, in which the use of stereotactic surgery may be appropriate, and where reference to rigid 
anatomical bony structures can be identified relative to a CT based model of the anatomy.  These 
procedures include unicondylar knee replacement and/or patellofemoral knee replacement.

The Implant systems with which the system is compatible:

• RESTORIS Multicompartmental Knee (MCK) System 

Copyrights and Trademarks

The content of this manual is protected under applicable copyright and trademark laws. You agree that 
you will not copy, distribute, republish, display, post, transmit or modify any content in this manual 
without Stryker’s prior permission. Any images displayed in this manual are the property of their 
respective copyright owners. Any reproduction, replication, modification or distribution of any art 
images in this manual is prohibited. The third-party trademarks in this manual are proprietary to their 
respective owners. These companies or their agents have granted Stryker the right to use their 
trademarks.
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Governing Law

Any legal action or proceeding related to this manual or the information contained in it shall be brought 
exclusively in a court in Bergen County, New Jersey, and shall be governed by the laws of the State of 
New Jersey, without regard to conflicts of laws principles.

Software Version 3.0

There are no user serviceable parts in the Mako System, refer to your Stryker authorized personnel 
for service.
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MAKO PKA PROCEDURE OVERVIEW

Pre-operative
• A patient is selected and an implant system chosen 
• Cleaning and sterilization of instrumentation is completed
• A patient CT scan is taken using the Mako Knee CT Scanning Procotol (PN 200004) or the 

Mako Knee CT Scanning Protocol with Bone Mineral Density (BMD) Phantom (PN 209710)
• The patient CT data is loaded and processed to create the patient bone model
• A patient-specific operative plan for the chosen implant system is created by the Mako Product 

Specialist (MPS) and reviewed by the surgeon

Intra-operative
• The Operative plan is loaded into the application software
• The patient is positioned
• Patient anatomy and Mako position are registered in the application software
• Patient leg kinematic data is collected
• Intra-operative implant planning is performed
• The Mako is positioned and registered (if not performed earlier) 
• The Mako and Bone Registration are checked for accuracy

• The Mako system’s positional accuracy is defined as follows: cutting tool tip accuracy of ±2 mm/
±2 degrees; bone registration accuracy of ±2 mm/±2 degrees

• Bone is resected per the operative implant plan
• Trials are placed; alignment, stability, and range of motion are assessed
• Patient leg kinematic analysis is reassessed (if desired) with trials or with final implants after 

implantation
• Final implants are cemented

Post-operative
• Cleaning of Mako PKA equipment is performed
• Planned system maintenance is completed

The workflow described in this section can be implemented by a standard OR team (surgeon, scrub 
tech/PA, and circulating nurse) with the addition of a Mako Product Specialist (MPS). The Mako 
(MAKOplasty) PKA Application software is designed to be operated from the Guidance Module by 
the MPS under the direction of the operative surgeon
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TOOLS AND ACCESSORIES

Instrument Identification

All Stryker instruments will be delivered with a label attached. Parts can be identified by the part 
number on the packaging label and/or the part number inscribed on the part. Parts which are provided 
sterile are identifiable by a ‘sterile’ mark (examples include bone pins, checkpoints, cutting tools, and 
VIZADISC).

Symbols Used on Instrument Labels

The following are symbols used on MAKO Surgical Corp. labels. Please contact Stryker for any 
questions regarding the identification of these symbols.

Tools and accessories should be operated only by, or under the guidance of, a qualified surgeon or 
qualified member of his staff who has read and understood this guide. All additional support 
personnel should also be trained and should have read and understood this guide.

Any damaged sterile packaging should be returned to MAKO Surgical Corp. Items provided sterile 
are single use only and must not be re-sterilized.

Most Mako PKA tools and accessories are shipped non-sterile and must be sterilized prior to use. For 
more information on sterilization procedures, refer to the Mako PKA Instrument Cleaning and 
Sterilization Guidelines (PN 201845).

Table 1 Label Symbols

CAUTION USE BY
YYYY-MM EXPIRATION DATE

DO NOT REUSE
SINGLE USE ONLY PART NUMBER

CATALOGUE NUMBER LOT NUMBER

STERILIZED USING 
IRRADIATION

REFERENCE STRYKER 
DOCUMENTATION AND SURGICAL 
TECHNIQUE

STERILIZED USING ETHYLENE 
OXIDE

AUTHORISED REPRESENTATIVE IN 
THE EUROPEAN COMMUNITY

ONLY PRESCRIPTION USE ONLY CONSULT INSTRUCTION FOR USE

DO NOT USE IF PACKAGE IS 
DAMAGED NON-STERILE

MANUFACTURER
DISTRIBUTED PRODUCT IN THE 
EUROPEAN UNION WITH NOTIFYING 
BODY IDENTIFIER

PN

REF LOT
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DISTRIBUTED PRODUCT IN 
THE EUROPEAN UNION CEMENTED

KEEP DRY

Table 2. Standard Mako PKA Tools

Tool Description Image

Blunt Probe

Blunt-tipped probe (Green handle) for collecting 
landmarks and for collecting/verifying bone and 
saw blade checkpoints. The probe is fitted with 
posts for three VIZADISC.

Sharp Probe
Sharp-tipped probe (Blue handle) for collecting 
bone registration points;  fitted with posts for 
three VIZADISC.

Knee Tibial Array

Used to track the position and orientation of the 
tibia bone. Attaches to the Array Adapter and 
used in combination with the Bone Clamp and 
Bone Pins to securely fix to the tibia bone. Array 
is fitted with posts for four VIZADISC.Reference 
frame for tibia tracking fitted with posts for four 
VIZADISC. Provides reference information for 
any movement or change in orientation of the 
patient’s tibia during a procedure.

Knee Femoral Array

Used to track the position and orientation of the 
femur bone. Attaches to the Array Adapter and 
used in combination with the Bone Clamp and 
Bone Pins to securely fix to the femur bone. 
Array is fitted with posts for four VIZADISC.

Robotic Arm Base Array
Attaches to tracker arm of the Mako. Used to 
track the Robotic Arm; fitted with posts for four 
VIZADISC.

Table 1 Label Symbols (continued)
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Knee End Effector Array
Used for ‘RIO Registration’, Probe Check, and 
for cutter tip verification on the ‘Bone Prep’ 
page; fitted with posts for four VIZADISC.

2-Pin Clamp
Clamps to Bone Pins and is used in combination 
with the Pelvic Array Adapter and the bone 
Arrays.

Pelvic Array Adapter Attaches to Bone Arrays and 2-Pin Clamp for 
tibia and femur.

Short Array Stabilizer

Used as a guide for tibial bone pin insertion. 
Remains in place duringthe procedure to 
provide stability to the knee tibial array 
assembly. Available for 3.2 mm and 4.0 mm 
diameter bone pins.

Long Array Stabilizer

Used as a guide for femur bone pin insertion. 
Remains in place duringthe procedure to 
provide stability to the knee femoral array 
assembly. Available for 3.2 mm and 4.0 mm 
diameter bone pins.

Square Driver
Used to tighten/loosen the square-head screws 
of the MICS Handpiece, 2-Pin Clamps, Pelvic 
Array Adaptors, and Bone Arrays.

Mako (RIO)Registration 
Tool

Attaches to the MICS Handpiece and is used for 
‘RIO Registration’ of the Robotic Arm.

Knee Checkpoint Driver Used to insert and remove Checkpoints into and 
out of bones.

Table 2. Standard Mako PKA Tools (continued)

Tool Description Image
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Cement Removal Tool Used to remove excess cement during 
implantation.

Square Drill Adaptor Allows surgical drills to drive Stryker 4.0 mm 
bone pins.

Onlay Insert Extractor Used to extract onlay insert trials from 
RESTORIS MCK tibial baseplates

Spacer Paddle
(Sizes 1 mm x 2 mm, 
3 mm x 4 mm, 5 mm x 
6 mm)

Optional tool used to apply appropriate ligament 
tension during capture of poses on ‘Joint 
Balancing’ page.

MICS Handpiece Cutting system that attaches to the Robotic 
Armand cutting tools.

Sagittal Saw Attachment Attaches to the MICS Handpiece and a saw 
blade. Used for bone resection.

MICS Attachment 
Wrench

Used to tighten and loosen the Long Guard  and 
loosen the saw attachment.

Rotary Attachment Attachment for the MICS that holds the  Ball 
Burr in place during cutting.

Table 2. Standard Mako PKA Tools (continued)

Tool Description Image
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Disposable Items

The following items are designated as disposable and should only be used for a single Mako PKA case.

Long Guard
Used to support the Ball Burr and provide 
protection to surrounding tissue against rotating 
cutter shaft.

Table 3. Sterile Disposables

Part Name Description

Mako Drape Kit Used to provide a sterile barrier over the Robotic Arm

Ball Burr Cutting instrument

Mako Blade 
(Narrow)

Cutting instrument. Saw blades are available in narrow width. 

MICS Irrigation Clip and Tubing Used for delivery of irrigation to the surgical site

VIZADISC Attached to arrays and probes; used for instrument tracking

Knee Femoral/Knee Tibial 
Checkpoints Secured into the femur and tibia for registration validation

Bone Pins Drilled into the femur and tibia to secure the BoneArray assemblies.

IMP Leg Holder Disposable Kit Used to secure the foot and tibia to the leg holder boot; contains foot pad 
and Coban.

Leg Positioner Disposable Kit
The foam pad and Coban are used to secure the patient’s lower leg to the 
leg positioner boot. The retractor cords are used to secure the self-
retaining retractors.

Silicone Retractor Cords Used to assist/secure the optional retractor to the Leg Positioner.

Table 2. Standard Mako PKA Tools (continued)

Tool Description Image
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Stryker Leg Positioner

The Stryker Leg Positioner system is used to securely stabilize the knee in various angles of flexion, 
internal/external rotation, and adduction/abduction. In addition, the system also includes a self-
retaining retractor solution to minimize interference of the surgeon and/or surgical assistants between 
the camera and tracking arrays. The leg positioner for the Mako PKA procedure will:
• Hold the leg in a prescribed position and function easily within a sterile field
• Allow for internal/external rotations of the lower leg with incremental stops and accommodate 

hyper-flexion
• Allow user to control the patient’s leg position within the sterile field.
• Enable positioning of the leg through the full range of flexion and extension angles
• Maintain stability for a range of patient sizes.
• Allow the use of optional retractors that can be secured to the leg positioner

Leg Holders (Knee Positioners)

The following Leg Holders are available, please refer to the respective user guide of the desired leg 
holder:

• Stryker Leg Positioner (refer to the Stryker Leg Positioner User Guide, PN 210470)
• IMP De Mayo Knee Positioner (PN 110580)
• IMP Swing Arm Table Extension with DeMayo Knee Positioner (PN 110592).

Mako Integrated Cutting System (MICS)

The Mako Integrated Cutting System includes the MICS Handpiece, cutting attachments, and cutting 
tools. The attachments and cutting tools required for Mako PKA procedure include the Sagittal Saw 
Attachment, the Mako Narrow Saw Blade, Ball Burr, and other attachments to the MICS. 

For details regarding set up of compatible leg positioners, reference the ‘Patient Positioning’ section 
of this manual.
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OPERATIVE SETUP
Preparing the Mako

Sterile Staff Member

For instructions on the proper setup of the Mako for the Mako PKA  procedure, reference the Mako 
System User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)).

Instrument Preparation

Sterile Staff Member

Handling VIZADISC

VIZADISC are reflective markers that when placed on a given instrument or reference array allows the 
system to calculate its position and orientation. Fluid, debris, or other occlusion can obscure the 
camera’s view of the tool and result in an inability to track the instrument. Take care to keep the 
VIZADISC clean and free of debris. Replace an occluded VIZADISC when cleaning does not allow the 
instrument to be seen.

VIZADISC are shipped sterile and are designed for single use. If sterility is compromised, replace the 
contaminated VIZADISC with a new VIZADISC. VIZADISC cannot be resterilized once it has been 
placed in use within the sterile field.

Avoid twisting the VIZADISC when attaching the VIZADISC to an Array or Probe mounting post as 
this may cause inaccuracies leading to higher error values or ability to track the arrays. If the markers 
are twisted during removal, inspect the array mounting post to confirm the posts are secure and do 
not rotate.

Improper engagement between a VIZADISC and a mounting post (or a VIZADISC that becomes 
dislodged from a mounting post) may affect positional accuracy. If a VIZADISC does not mount 
properly or becomes dislodged, it should not be used. Failure to comply may result in system 
inaccuracy.

Always assemble VIZADISC on a flat surface and confirm disks are fully seated onto the 
instruments.

Powdered gloves may interfere with VIZADISC reflection and affect tool tracking.

Arrays should always be handled with care. When possible, keep arrays separate from other 
instrumentation to avoid damage.



Mako PKA Application User Guide

11

Tracked Instrumentation Assembly

Sterile Staff Member

1. Knee Femoral Array (grey) - Attach four (4) VIZADISC.
2. Knee Tibial Array (black) - Attach four (4) VIZADISC.

3. Robotic Arm Base Array (large black) - Attach four (4) VIZADISC.
4. Knee End Effector Array - Attach four (4) VIZADISC and screw in the Array Bolt.

5. Blunt and Sharp Probes - Attach 3 VIZADISC to each probe

For instructions on how to assemble the VIZADISC to the tracked instrumentation described in this 
section, refer to the Mako System User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)).

Knee Femoral Array Knee Tibial Array

Robotic Arm Base Array Knee End Effector Array

Debris could cause occlusion of the VIZADISC and result in the instrument not being tracked by the 
system. If this occurs, gently wipe the debris from the reflective surface, taking care not to bump an 
array that has already been registered.

Probes with VIZADISC
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6. 2-Pin Clamp Assembly (Femur and Tibia)

7. Mako (RIO) Registration Assembly (Registration Tool and 
Knee End Effector Array).

Array Clamp Assembly

Mako (RIO) Registration Assembly
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PATIENT POSITIONING

Single Leg Procedures
Place the patient in the supine position on the surgical table such that the knee joint is approximately at 
the end of the table. The operative leg will be secured to the Leg Positioner, and the non-operative leg 
can be secured to a stirrup. This allows the surgeon or surgical assistant the flexibility to stand between 
the patient's legs, near the operative joint without interference from the Robotic Arm.

Bilateral Knee Procedures

The Mako is capable of use in bi-lateral procedures. Each knee procedure should be treated as a 
separate event without need to break the sterile field. Care should be taken when moving the leg holder 
from one leg to the other. It is recommended that the surgeon operate first on the leg in closest 
proximity to the Mako to mitigate the risk of compromising the sterile field during the set-up of the 
second leg following the first procedure.

When enabling the Planar workflow option, the Mako can only be placed on the operative side. For a 
right knee, the Mako is placed on the right and for a left knee, the Mako is placed on the left.

Refer to the Mako System User Guide (PN 210711(Mako 3.0) or PN 213957 (Mako 3.1)) for additional 
setup instructions.
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CONNECTING THE MICS HANDPIECE

Sterile Staff Member

1. Place the Robotic Arm in the draping position while ensuring the MICS mounting ring is facing up 
towards the ceiling.

2. Press the E-Stop to lock the arm once it is in the desired position.

3. Before removing the blue cover, orient the plastic ring on the drape such that it fits over the MICS 
mount ring on the arm. If required, rotate the drape so that the blue cover is located over the MICS 
mount ring. 

4. With one hand, hold the excess drape below the Robotic 
Arm near the blue cover. With the other hand, slowly pull 
from the corner using the pull tabs. Pull each of the corners 
towards the center until the blue cover is fully removed.

5. Discard the blue cover, as the bottom surface of this item 
must be considered contaminated.This will expose the non-
sterile End Effector mounting ring.

6. Orient the sterile MICS Handpiece such that the grooves and 
alignment pin match those on the mounting ring as shown.

Mako draping must be performed before completing the following steps. For draping instructions 
reference the Mako System User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)).

Pin

Hole
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7. Ensure excess drape is pulled free of the MICS/mount connection and the plastic ring of the drape 
is seated on the mounting ring. Attach the MICS Handpiece to the mounting ring. Ensure the 
seating is even and correct before proceeding to the next step.

To prevent Robotic Arm movement problems, ensure the drape is properly oriented before attaching 
the MICS.

8. Once the connection and drape orientation 
are sufficient, tighten the MICS Handpiece 
screws securely with the sterile square 
driver. This completes the Robotic Arm 
draping procedure.

9. Cover the round screw holes with the 
supplied round stickers.

10. Reposition the Robotic Arm in the docked 
position. When the Mako PKA Application is 
started, the Robotic Arm may move slightly. 
Keeping the Robotic Arm in the docked 
position will ensure that sterility is 
maintained.

Failure to apply the stickers to the screw holes may be a contamination hazard.

The MICS Handpiece will not power on if it is too hot. Allow the handpiece time to cool such that the 
staff can easily handle the instrument. 
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ATTACHING THE MICS ATTACHMENT

Sterile Staff Member

Mako draping must be performed before completing the following steps. For draping instructions, 
refer to the Mako System User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)).

1. Unlock the attachment locking collar on the 
handpiece. Utilize the unlock symbol for 
rotation direction. The red band should be 
visible.

2. Install the straight cutter attachment in the 
correct orientation such that the attachment 
knob is on top.

3. Lock the attachment locking collar on the 
handpiece to secure the sagittal saw 
attachment.

If desired, the MICS attachment and cutting tool can be pre-assembled by sterile staff prior to 
attaching it to the MICS.
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ATTACHING THE SAW BLADE 

Sterile Staff Member

Mako draping must be performed before completing the following steps. For draping instructions, 
reference the Mako System User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)).

1. Open the blade release mechanism by 
rotating the knob on the saw attachment.

2. Install the blade on the saw attachment 
platform.

3. Close the blade release mechanism by 
rotating the knob on the saw attachment. 
Ensure the knob is completely rotated and 
the blade is tight.

If desired, the MICS attachment and cutting tool can be pre-assembled by sterile staff prior to 
attaching it to the MICS.
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Groove

ATTACHING THE BALL BURR 

Sterile Staff Member

Mako draping must be performed before completing the following steps. For draping instructions, 
reference the Mako System User Guide.

1. Align the Long Guard internal pins with the 
Rotary Attachment grooves. 

2. Hand tighten the Long Guard to the Rotary 
Attachment by turning the Long Guard 
counter-clockwise while pushing it down 
onto the Rotary Attachment. Use the unlock 
symbol on the Long Guard for rotational 
direction. 

3. Use the MICS wrench to lock the Long Guard 
onto the Rotary Attachment. While applying a 
downward force, twist the MICS wrench 
counter-clockwise to tighten and clockwise 
to loosen. Use the unlock symbol on the 
Long Guard for rotational direction.

Stabilize the MICS wrench by holding the 
round portion over the base of the Long 
Guard as this will prevent the wrench from 
slipping off the base of the Long Guard.

.

Groove Pin

The Long Guard and Rotary Attachment are marked with lines providing visual feedback to the user 
to ensure the assembly is fully locked for proper function. Do not operate the MICS if the Long Guard 
is not fully attached. The below images illustrate the assembly in the locked and unlocked positions.
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4. Attach the Ball Burr into the Rotary 
Attachment. 
a. Pull back on the Rotary Attachment Knob 

until the red band is visible, then twist the 
knob so that the red band remains visible. 
Use the unlock symbol on the Rotary 
Attachment for rotational direction.

b. While holding onto the smooth portion of 
the Ball Burr, insert the Ball Burr into the 
Long Guard by sliding it into the 
shaft. Push down while turning the Ball 
Burr clockwise until it clicks into place. 

c. Twist the knob on the Rotary Attachment 
until the red band is no longer visible. 
Ensure the Ball Burr cannot be pulled out 
of the shaft. Use the unlock symbol on the 
Rotary Attachment for rotational direction.

5. Unlock the attachment locking collar on the 
MICS handpiece. Use the unlock symbol on 
the MICS handpiece for rotational direction. 
The red band should be visible.
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6. Place the Rotary Attachment onto the MICS.

7. Lock the attachment locking collar on the 
MICS handpiece. Use the unlock symbol on 
the MICS handpiece for rotational direction. 
The red band should no longer be visible.

The Ball Burr must be in the fully locked position prior to use. If the Ball Burr is removed from the 
Rotary Attachment, Ball Burr checkpoints must be repeated.

When the Robotic Arm is not in use, ensure that the cutting tools are oriented in such a way that they 
do not pose harm or risk to the operating staff.



Mako PKA Application User Guide

21

Connecting the Irrigation Clip

Sterile Staff Member

Proper placement of the Irrigation Clip onto the MICS can be found in the Mako PKA Surgical Guide for 
RESTORIS MCK (PN 209708). 

The irrigation tube can either be secured to the outside of the MICS or threaded through the top of the 
MICS by following the below:

1. Thread the irrigation tubing through the top 
of the MICS and gently press the clip onto 
the barrel of the Long Guard.

2. Attach the irrigation clip to the tubing.

3. Place the irrigation clip on the Long Guard 
shaft.

4. Always ensure the irrigation clip directional arrow is pointing away from the MICS regardless of 
the irrigation tubing placement.

The efficacy of irrigation delivery can be affected by improper connection of the irrigation tubing.
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Preparing Irrigation

Non-sterile staff member

1. Open the pump lid and thread the end of the tubing through 
the pump in the indicated direction. Close the pump lid.

2. Pierce the irrigation bag with the piercing pin and hang the 
irrigation bag on the stand.

Sterile and Non-sterile staff member

Pass the connection end of the sterile cutting motor cable to the 
non-sterile staff member. Attach the connection end under the 
sterile drape and connect to the ‘MICS’ outlet on the Robotic 
Arm panel.

Always keep a second MICS Handpiece and each attachment sterile and on hand. Failure of the 
motor or attachment can render the Robotic Arm unable to complete resection. The MICS Handpiece 
and attachment can be changed intra-operatively. Refer to the ‘Attaching the MICS Attachment ’ 
section of this manual. If the MICS Handpiece is changed intra-operatively, refer to the MICS 
Handpiece Not Powering ON’ section of this manual for trouble-shooting suggestions.

The irrigation stand has an option to extend upward. This is not required for the pump to function 
correctly.

The cable and motor are sterile when removed from the tray. Exercise care when handling the motor 
cable across the sterile barrier.

Irrigation Tubing and Pump
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MAKO (MAKOplasty) APPLICATION SOFTWARE OVERVIEW

Mako (MAKOplasty) Login Screen

When the system is powered, the Mako (MAKOplasty) Login Screen is displayed. In order to access the 
Mako System, enter your ‘Username’ and ‘Password’ then select the ‘Login’ button. The available user 
types include Clinical User, Administrator, and Service.

Login Screen

User Management

Hospital Admin/Mako Product Specialist

By default, the system is installed only with an Administrator and a Service account. The Administrator 
password is provided to the designated IT Manager at the hospital. Individual users should be set up by 
an Administrator using the following procedure:

1. Select the ‘Service’ option to display the 
Service Menu and then select ‘User 
Management’ option. The User 
Management Screen displays.

User Management Screen
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2. Choose ‘Create User’ option to add a user to the system. 
Enter the requested information in each field, and then select 
‘Submit’.

3. Choose ‘Edit User’ option to edit a user already in the 
system. Enter the requested information in each field, and 
then select ‘Submit’. 

4. Select ‘Delete User’ to permanently delete a user from the 
system.

If the application is left unattended for 60 minutes or more, a Lockout screen will display and the user 
must log onto the system with the assigned ‘Password’ to continue the session or ‘Logout’ to end the 
session.

USB Login

In situations where user access is required for users not created by the Administrator, login can be 
achieved by using the MAKO-supplied USB login key. Once the USB key has been recognized, type 
the password and select ‘Login’ button to log onto the system. 

The Administrator has the option of disabling the ability to log into the system with a USB drive by 
checking the radio button ‘Disable USB Login’. This option will prevent access to the system via USB 
for all users except Field Service. 

Startup Screen

Once you have logged onto the system, the Mako (MAKOplasty) Startup Page screen is displayed. 
Selections on the right panel control the functionality described below.Note: The ‘Service’ button is 
only available for Administrator or Service access privileges.

Startup Screen

Creating a User
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Pre-Surgery Check
Before each procedure, all pre-surgery checks must be performed and the accuracy of the Robotic 
Arm must be confirmed. Selecting ‘Pre-Surgery Check’ opens a series of utilities run by the Mako 
Product Specialist (MPS) prior to the case.This button is not available on the MPS planning laptop.

Before using the MICS Handpiece, perform the MICS Status Check to ensure the handpiece is 
functional.

Load Scans
Select ‘Load Scans’ for tools for importing and checking patient data. Reference the ‘Load Scans’ 
section of this manual for details.

Plans
The ‘Plans’ button opens a menu allowing the user to manage plans. Reference the ‘Plans 
Management’ section of this manual for details.

PKA MICS
This option starts the application software with the MICS cutting tool. Reference the ‘Creating a Patient 
Plan’ section of this manual for details.

Service
This option is only visible if the user logged onto the system has 
Administrator or Field Service access. Reference the ‘User 
Management’ section for instructions on creating, editing, and 
deleting users. 

The selections available for this option varies depending upon 
the access privilege.

Utilities
This option displays a menu with selections to access the 
system’s log files, reports, and utilities. The system can also be 
upgraded through this menu. Other available options include 
adjusting the sound volume and export of screenshots to USB 
from any place on the Mako. Some menu items are not available 
on the MPS planning laptop.

Logout
This option logs the current user out of the application.

Shutdown
This option initiates the shutdown procedure for the Mako. 
Reference the ‘Mako Shutdown’ section of the Mako System 
User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)) for 
details.

Service Menu

Utilities Menu
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Plans Management

The ‘Plans’ button opens a menu allowing the user to perform 
the functions listed below:

Archive Plans

This option allows the user to take one or more plans previously 
created and archive them when they are no longer needed. 
Archived plans do not appear on the list of available patient plans 
in ‘Open Patient Plans’ on the ‘PKA MICS’ menu.

Unarchive Plans

This option allows the user to take plans previously archived and 
return them to a usable form.

Export Plan to USB

Patient plans created on the Mako Product Specialst (MPS) 
Laptop must be exported via USB to be usable on the Mako 
Guidance Module. The ‘Export Plan to USB’ takes one or more patient plans and creates an encrypted 
copy of the necessary data on a USB media.

Import Plan from USB

This option is a reverse of Export. One or more encrypted plans on USB can be transferred to the 
Guidance Module.

Delete Plan from USB

This option allows the user to view a list of plans available on the inserted USB media and delete one or 
more plans from that list.

Remove Files from Mako

This option is only available to Administrators on the Mako and provides the user the ability to 
permanently remove archived plans, unarchived plans, and DICOM data currently stored in the system. 

Importing/Exporting Patient Plans (Mako or MPS Laptop)

Mako Product Specialist

1. Insert the USB media into the USB port.
2. From the Mako (MAKOplasty) startup screen, select ‘Plans’, then the appropriate import/export 

selection. The dialog box shown below will appear. The list on the left will display the available plans 
on the USB media (for Import) or hard drive (for Export).

The Archive, Unarchive, Import, Export, and Delete 
features use the same dialog box format and allow 
changes to single or multiple plans. Refer to the next 
section for details.

This option appears as ‘Remove Session Files’ on the laptop and is available to all laptop users.

The following instructions apply to both the Mako Guidance Module and the MPS Laptop. If the 
patient plan was created on the guidance module, it does not require exporting.

Plans Menu
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3. Select the desired plan from the list on the left and select ‘Add’. The patient plan name will be 
copied to the list on the right. It is possible to remove plans from the list at the right using the same 
feature.

4. Select ‘OK’. The software will transfer all plans listed on the right.
If exporting, confirm whether to anonymize the Patient Plan. Anonymizing the plan will remove all 
reference to patient name. Select ‘No’ if exporting a plan(s) for surgery. Select ‘Yes’ if the file is to be 
shared with MAKO Surgical personnel for investigation or analysis purposes. Exporting multiple 
plans will require multiple confirmations.

Import/Export/Archive/Unarchive/Delete Dialog Box

Exporting Patient Plans (MPS Laptop only)

Mako Product Specialist

The Mako (MAKOplasty) application   running on the MPS laptop has a ‘Shutdown’ page from which 
the currently opened patient plan can be exported from within the application.

Ensure the USB media is inserted and select ‘Exit’ from the ‘Shutdown’ page and the application will 
first export the current plan to USB then will exit the application.

Load Scans

In order for the application to create patient specific bone models, the CT data must first be imported. 
Three options are available under this menu:

1. Import DICOM - This option imports patient data via CD ROM or USB Media.
2. Check for Motion - This feature checks the integrity of the patient scan.
3. Import Model(s) From USB - This feature is currently not used by the Mako (MAKOplasty) 

application.

Always wait for the software to confirm it is safe to remove the USB media before proceeding. Do 
not remove the media while the light on the USB tool is blinking.

The USB media containing the patient plan must not be used to store other data. Using this USB for 
other purposes may compromise patient data.

When exporting a plan to USB, archived plans can be accessed by selecting the ‘Include Archives’ 
checkbox on the bottom left corner of the ‘Plans’ window.

If the ‘Create Plan from Media’ option is used to create a patient plan, the ‘Import DICOM’ and ‘Check 
for Motion’ options do not need to be performed.
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4. BMD Calibration - This feature calibrates the patient’s CT Scan with respect to the Bone Mineral 
Density phantom.

Load Scans Menu

The ‘BMD Calibration’ button will only appear if the BMD feature has been enabled on the system. 
This feature is always enabled on the MPS laptop.
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Import DICOM

Mako Product Specialist

The following procedure may be performed on the Mako Guidance Module or the Mako Product 
Specialist (MPS) laptop.

1. Obtain a DICOM CD from radiology with the appropriate data sets (reference the Mako Knee CT 
Scanning Protocol (PN 200004) or Mako Knee CT Scanning Protocol with Bone Mineral Density 
(BMD) Phantom (PN 209710) for details) and insert the CD into the drive.

2. Select ‘Load Scans’ then ‘Import DICOM from CD’ from the startup menu.
a. Select ‘Yes’ to ‘Do you wish to convert all DICOM’.
b. Select ‘Yes’ when prompted with the number of images on the CD.

3. When the ‘Review DICOM’ window appears, identify each of the three anatomical regions.
a. Select the image set name in the lower half of the window and review the displayed images. The 

image should show knee, hip, or ankle anatomy. From the drop down menu at the bottom of the 
page, select the appropriate anatomical section and select ‘Accept’.

b. Repeat for all three sections.

Review DICOM Window 

Motion Check

Mako Product Specialist

To ensure the most accurate bone registration, the application must confirm the alignment of the CT 
scan data. In the following step, the software checks the patient scan for any irregularities caused by 
patient motion during the scan.

1. When the images have been identified, the Review DICOM Images window will close. Select 
‘Motion Check’ from the ‘Load Scans’ menu.

If the patient’s DICOM CD displays more than the three knee regions required, the extra images must 
be deleted. Delete extra images by selecting the image set from the center of the screen and 
selecting ‘Delete Images’.
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2. Select the knee section of the patient in question from the box in the center of the window, then 
select any ‘Load’ (order is not important). The image will appear in the box above ‘Load’.

3. Repeat step 2 for the hip and ankle sections of the same patient with the remaining two ‘Load’ 
selections.

4. When all three anatomical regions have been loaded, select ‘Motion Check’ at the bottom of the 
window.

Motion Check Load Window

5. When the motion check window appears, the application will 
automatically detect the motion rod to begin motion check. 
When it is complete, any errors will be displayed on screen. If 
the messages are displayed green, the check passed. If the 
messages are displayed red, the check failed and the 
appropriate troubleshooting must be performed.

6. Click ‘Close’ to continue.

If the automatic motion check fails inappropriately (e.g., if 
the application chooses a hip implant instead of the 
motion rod) selecting ‘Restart’ will allow the user to 
manually select the motion rod.

Motion Check Window
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BMD Calibration
(This feature is currently not being used by the Mako PKA Application.)

Mako Product Specialist

When the scan contains a BMD calibration phantom, the application must calibrate the loaded DICOM 
data with the phantom to display bone mineral density (mg/cc) data on the ‘Implant Planning’ page.

1. When the images have been loaded, select ‘BMD Calibration’ from the ‘Load Scans’ menu.
2. Highlight the desired knee images from the list of loaded scans and select ‘Load Scan’. Click within 

the brightest rod of the BMD phantom to start rod detection. Repeat this step for the second 
brightest rod; the third rod will detect automatically.

3. Once all three rods have been detected and a red circle displays around them, press the ‘Calibrate 
BMD’ button to begin calibration of bone mineral density. The ‘BMD Calibration’ window will 
automatically close upon successful BMD calibration.

Motion Check Load Window

If a message appears stating ‘Cannot detect rod’, try scrolling to a different slice in the image set with 
less noise in the image to select the rods.

If ‘Unable to calibrate using the selected rods’ message appears, confirm the three rods of the 
phantom are the items in the images circled in red.
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Application Software Layout

The application user interface is formatted such that the navigation examples provided below are used 
for most screens.

Software Layout

1. Main Window

The space for primary visualization of bone models, implant plans, and other information for a given 
procedural step.

2. Navigation Tabs

Allow the user to navigate through the various pages in the 
application by selecting the procedure step. Each tab will open a 
menu with the pages available for that step. Software pages may 
be selected through the use of the navigation tabs at the top of 
the screen by selecting the page name (item 1), or cycling 
through page by page by using the ‘Back’ / ‘Next’ buttons at the 
bottom right corner of the screen (item 8). The active page name 
will be displayed for all pages above the ‘Back’ / ‘Next’ buttons. Navigation Toolbar (Item 1)

Back / Next Buttons (Item 8)
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3. Image Adjustment Buttons

On selected screens, the blue slider can be used to adjust zoom, 
contrast and brightness of an image or model. The slider applies 
to the icon highlighted in green.

4. Upper Menu

Opens the options menu with the choices listed below. The 
options menu is available on every software page.

Rename - Allows renaming of the patient plan.

Exit - Closes the application and returns to the Mako (MAKOplasty) Startup 
page

Sound Volume - Opens the Sound Volume adjustment window.

Camera View - Opens a Camera View window where array and probe 
positions can be viewed. (This feature can also be accessed by left clicking 
inside the Camera View Toolbar).

Draping Mode - Allows the user to make the Robotic Arm semi-rigid 
during the draping procedure. (Available in all pages before and including 
the Patient Time Out page, except RIO Registration). However, if the user 
enters the RIO Registration page, Draping Mode will automatically be 
disabled.

Reset Cutter - Resets the cutting system. This process requires the user 
to wait 10 seconds to re-establish communication. Reset Cutter is only available from certain pages 
within the application.

About - Displays software version information.

Export Plan to USB - Exports the current plan to USB media.

Save Captures to USB - Transfers all screenshots in .jpg format for the current plan to the connected 
USB.

Captures screenshots of a given page.

When a screenshot is captured, the checkmark icon to the left is displayed briefly over the 
‘Screen’ button.

The ‘Reset Cutter’ option can be used to reload MICS constants, restart the MICS server and perform 
a soft reboot of the cutter to assist with MICS errors.

Captured screenshots may be exported to USB in .jpg format from the Utilities Menu on the Startup 
page or the Options Menu.

Image Adjustment Buttons (Item 3)

Blue Slider

Highlighted

Options Menu (Item 4)
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5. Camera View Toolbar

The camera view icons indicate required instrumentation for a given procedural page. In order of 
appearance from left to right, the icons represent the following instrumentation:

Left clicking anywhere inside the camera toolbar opens the 
camera view window. Camera View Window provides the 
surgeon and MPS with information on positioning the camera to 
ensure accurate, reliable tracking of the arrays and the 
instruments. 

• A circle representing the array/instrument will appear in three 
views: top, front, and side.
a. Arrays/instruments appear as colored circles when visible.
b. Arrays/instruments appear as empty circles when partially 

visible.
c. Arrays/instruments do not appear when not visible

• Indication of distance of Base Tracker Array to knee center.

Also displayed on this view is a legend of the colors for each 
tracker and an indication of whether the Base Tracker Array is 
too far from the knee center for the system to continue.

6. Side Menu

The camera view icons indicate required instrumentation for a 
given procedural page.

The Screen button may be unavailable on certain software pages (e.g., where patient data is 
displayed).

Camera View Toolbar

• Knee Tibial Array, 
• Knee Femoral Array, 
• Blunt Probe (Green) 
• Sharp Probe (Blue) 
• Robotic Arm Base Array 
• Knee End Effector Array

Instrument is required and visible by 
the camera.

Instrument is required but not visible 
by the camera.

Instrument is not required and visible 
by the camera.

Instrument is not required and not 
visible by the camera.

Instrument icons (robotic arm base array, knee end effector array, and the opposite bone array) will 
not be displayed even if visible to camera while on the Bone Registration page.

- Active features.

Camera View Window (Item 5)
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7. Information Box

The Information box displays additional instructions for many software pages.

Warning and Error Messages
Warning and Error Messages are displayed as follows:
Error Messages display information that may disrupt case flow or are important to the surgeon in the 
center of the screen with a red border. The cause of the error message must be resolved in order to 
continue.
Warning messages are indications that a condition exists on the Mako that left unresolved may affect 
system performance. Warning messages appear as a warning message icon at the bottom of the 
screen, clicking on the icon will open an information box where the description of and the 
troubleshooting for the warning is displayed. 

8. Page information/Navigation
A. The page name is displayed above the ‘Back’ / ‘Next’ buttons.
B. Selecting ‘Back’ and ‘Next’ allows user to change software 

pages.

Software Navigation Tabs (Item 8)

- Available, but inactive features or incomplete step.

- Unavailable feature.

Left clicking many unavailable buttons will give an explanation of why that feature cannot be 
accessed.

 - Completed step.
This status bar feature is present at the top of the side menu when a 
numerical value is displayed for registration, calibration, etc. A red 
bar represents a value which is above the pre-set tolerance, a 
yellow bar represents a value above the desirable limits but within 
the pre-set tolerance designated to still produce acceptable 
outcomes, and green is an acceptable value.

Warnings that appear upon application exit are generally indications that schedule service for the 
Mako is required.

A B

Page Navigation (Item 8)
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Certain software pages can only be entered when the pre-requisite steps have been completed (e.g., 
Bone Preparation can only occur after Bone Registration has been completed). Selecting any 
unavailable page name in the Page menu (grey text) will display a message describing the 
prerequisites for entering that page.

The Mako ‘RIO Registration’ page can be moved to after ‘Intra-Op Implant Planning’ by selecting the 
appropriate option under surgeon preferences.

If the Load Models option was selected under surgeon preferences, the CT Segment page will not be 
visible instead the Load Models page will be present.

Bone Preparation can only occur after Bone Registration has been completed and one verification 
sphere captured successfully for each required bone.
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CREATE AND OPEN A PATIENT PLAN (Mako or MPS Laptop)

Mako Product Specialist

After selecting ‘PKA MICS’ the application presents plan creation 
and opening options.

Create Plan from Media

The ‘Create Plan from Media’ option is a streamlined process for 
creating a patient plan. The data transfer, data conversion, region 
identification, motion check, BMD calibration (if applicable) and 
CT load steps are performed automatically.

1. From the startup screen, select ‘PKA MICS’.
2. Insert the patient data CD into the CD drive or plug the USB 

containing the CT data into the USB port then select ‘Create 
Plan from Media’.

3. Select the operative side when prompted.
4. Ensure BMD Calibration is set to ‘BMD On’ if the BMD phantom rod was used during patient CT 

Scan.
5. The application will automatically upload and process the data. This step takes several minutes.
6. The application will attempt to automatically perform the ‘Motion Check’ function. If the motion rod 

cannot be automatically found, the user will be allowed to manually identify the rod.
7. When BMD Calibration is set to ‘BMD On’, a ‘BMD Calibration’ window will appear requesting the 

user to select the two brightest rods. Click within the brightest rod of the BMD phantom to start rod 
detection. Repeat this step for the second brightest rod; the third rod will detect automatically.

8. Once all three rods have been detected and a red circle displays around them, press the ‘Calibrate 
BMD’ button to begin calibration of bone mineral density.

9. When motion check passes and the BMD calibration step is complete, the ‘Patient Information’ 
page will be displayed.

New Patient Plan

1. Perform the ‘Import DICOM’ and ‘Motion Check’ steps.
2. If the BMD phantom is placed in the scan, perform ‘BMD Calibration’.
3. From the startup screen, select ‘PKA MICS’.

The ‘Create Plan from Media’ option assumes the CT scan 
has been performed per the Mako Knee CT Scanning 
Protocol (PN 200004) or per the Mako Knee CT Scanning 
Protocol with Bone Mineral Density (BMD) Phantom (PN 
209710). If the motion check fails, parameters set 
incorrectly, etc., the option will fail.

If the ‘Create Plan from Media’ feature completes successfully, the ‘CT Load’ step will be completed 
for that patient. That step in the application workflow can be skipped.

MICS Menu
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4. Select ‘New Patient Plan’. The application will create a patient plan and proceed to the application 
splash page.

Open Patient Plan

The Open Patient Plan feature applies to plans which have already been created.

1. From the startup screen, select ‘PKA MICS’.
2. Select ‘Open Patient Plan’.
3. Select the desired plan from the list of available plans and select ‘OK’. The application will proceed 

to the splash page.

4. The Implant Selection dialog will display with the message 
“The uploaded implant system is not compatible with this 
system. Please select one from the options below and re-
plan” if the session file has been planned with an unavailable 
implant system.

Restore Last Plan

Selecting this option will restore the last plan used on the 
system. The name of the last plan will be displayed inside the 
button. The button will be displayed if no previous plan exists or 
if the previous plan was deleted.

Demo

Selecting this option starts ‘Demo’ mode.

Close

This option closes the ‘PKA MICS’ Menu.

Unlike the ‘Create Plan from Media’ option, the ‘New Patient Plan’ option requires the CT Load step 
in the application to be performed manually.

It is possible to create and export a patient plan using a different software version than the application 
which opens the plan. In this situation, a message appears on screen informing the user of the version 
mismatch. A second message may also appear (as a caution) informing the user of a sequence 
mismatch. Both of these messages must be dismissed in order to proceed.

Refer to the application release notes to ensure version compatibility.

Conversion of existing plans from a previous software session (Mako PKA Burr) to a Mako PKA MICS 
session will be automatically transferred without the need to re-plan the case. If an existing plan is 
converted from a different version of Mako PKA, confirm ‘CT Landmarks’ and implant positioning 
before proceeding.

Implant Selection Dialog Message

Demo Menu
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CASE PLANNING

Patient Information

Mako Product Specialist

On the patient information page, the operative side and implant system are selected and Surgeon 
Preferences are set.

1. Select the operative side from the drop down list.
2. Select the ‘Implant System Change Button’ desired implant system/configuration (refer to the next 

section).
3. Select an existing set of preferences or create new preferences (Reference the ‘Surgeon 

Preferences’ section of this manual).

Patient Information Screen

Implant System Change Button
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Changing Implant Systems

Mako Product Specialist

Selecting the implant system change button opens the dialog box 
shown at the right. The implant system will be determined by the 
combination of selections in the implant system, femoral component(s), 
and tibial component sections of this box.

To change implant systems:

1. Select an implant system from the available list.
2. Select all femoral/patellofemoral components required.
3. Select all tibial components required.
4. Select ‘Save’.
5. A prompt will be displayed to chose either the implant system 

originally used (source) or the system for conversion (target) 
previously saved.

When an implant system, femoral component, or tibial component 
is selected, the available options will update appropriately. Any 
unavailable option will be grey.

The source implant size is always used during conversion.It is recommended when changing implant 
systems that the plan be checked prior to cutting.

The ‘Save’ button will be disabled unless selections from all three sections (Implant System/Femoral 
Component/Tibial Component) are made.If only a patellofemoral component is selected, there is no 
need to select a tibia component.

The implant system change button is available in the Patient Information, and Implant Planning Pages.

Implant System Selection
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Surgeon Preferences

Mako Product Specialist

The Surgeon Preference option allows the application to be configured to match Surgeon Preference. 
Once saved, the set of preferences will be saved across all patient plans. Preferences for multiple 
surgeons can be set as described below.

Setting New Preferences:

1. Select ‘New’ from the preferences drop down menu. The Surgeon Preference dialog box will open.
2. Type in the desired surgeon name in the ‘name’ text box.
3. Select the appropriate tab and make selections for all preferences.
4. When all preferences have been set, select ‘Save & Exit’.

Preference Window

Choosing an existing set of preferences:

A new Patient Plan Preferences will be set to ‘Default’. To change to an existing set of preferences 
simply click inside the preferences drop down box and select the appropriate name. There is no need 
to edit or save.

Deleting an existing set of preferences:

To delete a set of preferences select the appropriate name from the ‘Preferences’ drop down menu and 
select ‘Delete’.

Preference Window

Certain preferences are implant system specific. Refer to the appropriate implant planning and 
surgical technique guide for more detail.
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Pre-Operative Tab
Display Load Models Page - Allows the import of STL models from external segmentation software. 
If enabled, the CT segment page will no longer be available.

Intra-Operation Tab
Display Accuracy Numbers - Shows numerical values for checkpoints, verification, etc. Disabling 
this feature will provide a color-coded indication of accuracy (green = good, red = above tolerance) 
only. (On by default).
RIO Registration after Implant Planning - When this option is selected, the ‘RIO Setup’ and ‘RIO 
Registration’ pages are moved to after the Implant Planning page.

Page Auto Advance Tab
Probe Check - When this option is selected, the software will automatically advance to the next step 
after a successful value has been obtained for the probe verification.
Patient Time Out - when this option is selected, the software will automatically advance to the next 
step after the ‘Agree’ button has been selected.
Patient Landmarks - When this option is selected, the software will automatically advance to the 
next step after all patient landmarks have been collected.
Checkpoints - When this option is selected, the software will automatically advance to the next step 
after both checkpoints have been captured and verified.
Bone Registration - When this option is selected, the software will automatically advance to the 
next step after all required bone models have been successfully registered and verified within the 
acceptable limits.
RIO Registration - When this option is selected, the software will automatically advance to the next 
step after the Robotic Arm has been registered and verified with satisfactory values.

Bone Registration Tab
Checkpoint Sequence - Allows the user to select the order in which the knee femoral and knee 
tibial checkpoints are to be acquired and verified.
- Femur/Tibia Capture, Femur/Tibia Verify - if selected, the system will auto-proceed such that the 

femur and tibia checkpoints are first collected and then verified in that order (Femur, then Tibia).
- Femur Capture/Verify, Tibia Capture/Verify - if selected, the system will collect and verify the 

knee femoral checkpoint first and then move to the tibia.
Auto Rotation - Rotates the bone model automatically while collecting the points. User is able to 
manually rotate. If this option is disabled, bone model is displayed in a static view and must be 
rotated manually. (Default auto rotation).

Joint Balancing Tab
Select Fixed Model - Allows the user to select femur or tibia. The selected bone will be fixed in the 
‘Joint Balancing’ page. The other bone will move when the leg is flexed (Femur by default).
Display ROM Axis - Enables the display of visible mechanical axes on the ‘Joint Balancing’ screen. 
Disabling this selection will display only the bone and implant models. (Off by default).
Mechanical Axis Angle - This slider applies to the maximum flexion angle at which the mechanical 
axis graphic appears in the ‘Joint Balancing’ screen (15 degrees by default).

Implant Planning Tab
BMD Scale - Allows the user to set the minimum and maximum values for the Bone Mineral Density 
scale displayed when BMD is toggled on in ‘Implant Planning’.

Selecting the text of any Surgeon Preference will display a description of that feature at the bottom 
of the box.
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Bone Prep Tab
Display Translucent Burr - Displays translucent cutter visual during bone resection. If this option is 
disabled, solid burr is displayed during bone resection. (Default translucent).
Display Single Color Burr - Displays dark blue burr in bone preparation page. If this option is 
disabled, displays light blue burr when burr does not touch stereotactic boundary wall, otherwise 
displays dark blue burr. (Default single color).

Hide Burr When Rotating Bone Model - When this options is selected, the cutter graphic will 
disappear whenever the user rotates/translates the bone model (Default disabled, i.e., show burr).
Checkpoint Auto-Proceed - When this option is selected, the application will automatically proceed 
to the next page provided the accuracy limits are met.
MCK Workflow (Planar) - This default option selects the Planar Workflow for the RESTORIS MCK 
implant system.
• With the Planar option enabled:

- the posterior femur and tibia floor must be prepared using the saw
- the ‘RIO Setup’ page will be required
- the Mako must be positioned on the operative side of the patient.

• With the Planar option disabled (non-Planar workflow):
- the posterior femur and tibia floor must be prepared using the Ball Burr
- the ‘RIO Setup’ page will not be displayed
- the Mako may be positioned on either side of the patient.

Cutting Sequences Tab
Allows the user to select the implant system and set custom resection workflows for each implant 
system by dragging and dropping the cutting steps into the desired sequence.

This functionality is only enabled for the Ball Burr and is not available for the Saw Blade.
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CT Load

For all patient plans, the Hip, Knee, and Ankle data imported from the DICOM CD must be associated with a 
particular patient. This section describes the steps to complete that procedure.

CT Load Page

Setting CT Regions

Mako Product Specialist

1. In the upper right corner of the main window select the ‘knee’ region (identified in the ‘Anatomy’ 
column) for the appropriate patient. All four columns can be sorted by selecting the small arrow to 
the right of the text. 

2. Select ‘Knee’ from the side window and click the ‘Set’ button. This will load the knee region into the 
patient plan. The image data name will be displayed under ‘Knee’ in the side window.

3. Repeat the previous two steps for the hip (upper leg) and ankle (lower leg).
4. When all three regions have been loaded select ‘Next’ from the navigation window. A pop-up will 

require a name for the newly created plan. Enter a name in this box.

CT Segment

In order to register the patient’s anatomy in the application, an accurate bone model must be 
generated. The CT Segment page creates bone models for both the femur and tibia from the identified 
CT data.

CT Segmentation uses Sagittal segmentation for the femur with 1 mm slice density and Oblique 
segmentation for the tibia (40 slices). Oblique segmentation is also available on the femur in the event 
an acceptable bone model is not achievable with the Sagittal segmentation. If Oblique segmentation is 
used on the femur, the following warning applies:

If the patient plan was created using the ‘Create Plan from Media’ option, the upper leg, knee, and 
lower leg regions will be pre-populated with the appropriate patient data.

The application will prevent data sets from different patients or multiple regions of the same type (e.g., 
two knees) from being loaded in the same plan. If a region is incorrectly identified, the user may reload 
the correct data.

The CT Load page will reject data with incorrect scan parameters. Refer to the Mako Knee CT 
Scanning Protocol (PN 200004) or the Mako Knee CT Scanning Protoocl with Bone Mineral Density 
(BMD) Phantom (209710) for details.
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Mako Product Specialist

Two options for re-segmenting using Oblique femur segmentation include:

1. Create a session file and segment both the femur (medial) and tibia. Export the plan to USB.
a. Re-open the first session file; change the plan from medial to lateral, and change the file name to 

properly identify the medial or lateral side.
b. Re-segment only the femur and export the plan to USB. Both files will be retained on the USB, 

but only the second file is retained on the computer. Subsequent changes to the first file will 
require re-importing the file from the USB.

2. Create two separate session files. This requires segmenting femur and tibia twice (one medial/
lateral pair per session file).This method retains both session files on the system on which 
segmentation was completed i.e., laptop or guidance module. 

Segmentation Page

Performing CT Segmentation

Mako Product Specialist

1. Ensure white outline of cortical bone is clearly visible by setting brightness and contrast levels using 
the icons.

2. Select ‘Femur’ in the upper area of the side window. ‘Set Bounds’ will be highlighted.
3. In the ‘Sagittal’ view, drag the cross-hair up/down and left/right until the area of the widest bone 

width shows in both the ‘Coronal’ and ‘Transverse’ views.

4. Select the method for segmentation by selecting ‘1 mm Sagittal’ or ‘Oblique’.

For Femur Segmentation: Using Sagittal segmentation will allow a switch between a medial or lateral 
procedure intra-operatively. 

- If Oblique segmentation is selected, you will be unable to switch from a medial to lateral procedure, 
without re-segmenting the femur and repeating all subsequent steps. 

- If Oblique segmentation is selected, it is recommended to segment for both a medial and a lateral 
procedure pre-operatively.

The bone may be re-positioned by center mouse clicking anywhere on the bone in any view and 
dragging. The bone can be re-positioned in all views except the top right view.

1

2

4

3

5
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5. Manually set the bounds of segmentation by positioning the blue lines (visible in the coronal and 
transverse views) to the far edges of the bone by selecting and dragging the small red squares. 
Confirm the position in the upper right view panel.

Reference ‘Segmentation Boundary Examples’ or examples of setting segmentation bounds for a 
Femur Sagittal, Femur Oblique Medial/Lateral and Tibial Oblique.

• Femur Sagittal bounds should capture the most prominent medial and lateral bone edges.
• Femur Oblique bounds should capture the entire operative-side epicondyle and portion of the 

femoral shaft through the distal condyle edge.
• Tibial Oblique bounds should capture distal to the tuberosity through the proximal-posterior edge.

Segmentation Boundary Examples i.e., Femur Sagittal, Femur Oblique and Tibial Oblique

6. After the boundary lines have been positioned, select ‘Set Slices’ from the side window. The 
application will divide the space between the two blue lines into slices. For each of the slices 
created, outline the bone contour with the magenta ‘livewire’ using the tools, instructions and 
considerations described in the next sections.

7. When all slices have been outlined for a given bone, select ‘Segment’ before selecting ‘Tibia’. If the 
segmentation cannot be completed, the software will indicate the missing slices.

8. After selecting ‘Segment’, the 3-D bone model will appear with the ability to rotate the model. 
Inspect the model for anomalies, particularly in the areas where registration points are collected. To 
correct for anomalies, revisit and re-segment slices in the regions of anatomy where anomalies 
exist, or modify the slice orientation.

9. Repeat the previous steps for the Tibia.
10. When both bones have been segmented, select ‘Next’ from the navigation menu.

The distal tibial bound should be set immediately below the tubercle. Setting this 
bound more distal than required will result in increased spacing between the slices.

The 3D bone model generation can be stopped by selecting the ‘Cancel’ button.
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CT Segmentation Tools

Segmentation Tools

Maximize - Expands the sagittal view to fill the Main Window

Prev/Forward - Navigates forward and backward through the available slices. The number of the active 
slice is displayed in the Main Window.

Clear - Erases the livewire contour of the active slice.

Edit - Toggles ‘Edit’ mode on and off. In Edit Mode, the user may manually adjust the magenta livewire 
contour for the active slice. The user can add, delete, and move blue vertex points (seeds) in this view.

Left Click (hold and drag) - Moves a seed box.

Center Click - Creates a new seed box at the location of the mouse.

Right Click (on a seed) - Removes a seed box.

Propagate - If you have a contour on a previous or next slice, propagate will automatically generate a 
magenta livewire contour for the given slice.

Auto-Off - Turns off or on automatic contour generation.

Slice 40 - Proceeds to slice number 40 for sagittal segmentation (slice 15 for oblique).

Magenta ‘Livewire’

Blue ‘Seed’

Toolbar
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Segmenting CT Slices with the Livewire

Mako Product Specialist

1. Use blue zoom slider to ensure both condyles and the patellofemoral region are visible in the 
coronal view for the femur and to ensure the tubercle is visible for the tibia.

2. Once ‘Set Bounds’ has been selected, locate any edge of the intended bone in the upper right pane 
and left click to begin the livewire contour. A magenta line (livewire) will appear and follow the 
cursor, attempting to track the edge of the bone.

3. Move the cursor to another location on the bone, if contour is acceptable left click. If the contour is 
unacceptable, attempt position closer to the previous seed. If you cannot find a good position, left 
click somewhere on the edge near the previous edge and continue. Use the tools as described on 
the previous page to edit the contour. 

4. Continue around the edge of the bone until the livewire has surrounded two-thirds of the bone.
5. Right click at last seed placed to close the contour.
6. Review the contour. If the contour requires correction, left click the edit button. The blue seeds 

become visible. Use the tools as described on the previous page to edit the contour.
7. If Auto-On is enabled, clicking ‘Forward’ or ‘Prev’ will move to the next slice. The application will 

attempt to automatically contour the bone.
8. Repeat the previous steps for all remaining slices.

The user can manually adjust the magenta livewire contour for the active slide in Edit mode. A left 
click of the mouse places a seed, and right click places the final seed and closes the contour. Clicking 
the middle button will remove or undo the last seed placement.



Mako PKA Application User Guide

49

Considerations:
• The contour should be faithful to the shape of the bony anatomy.
• Include osteophytes inside the magenta livewire.
• Try to avoid multiple, enclosed contours in one slice when possible.
• The magenta livewire contour should be simple and smooth in areas with irregular anatomic 

features.

If two ‘islands’ of bone appear in the same slice, two separate contours may be required. Ensure edit 
mode is not enabled (i.e., the blue seeds are not visible) and left click to open a second contour on 
the same slice (right click to close the 2nd contour).

If you have more contours on the screen than desired, you must select the ‘Clear’ button. This will 
remove all the contours and you can re-contour the bone. 

When multiple contours are required for a slice, use the previous slice as reference such that a 
smooth transition can be achieved.

Avoid placing multiple seeds in the same location, as this will increase the complexity of the contours 
and likely introduce artifacts in the model. The contours displayed in the ’Implant Planning’ page can 
be used to identify artifacts. If these contours are distorted and irregular, consider editing the 
segmented slices.

If there are loops in the contours, a message will display indicating which slices contain loops and 
require re-contouring.

Failure to capture the distal tuberosity within the tibial bounds will affect the accuracy of the bone 
registration.
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Load Models and Setting Bone Models
(This feature is currently not being used by the Mako PKA Application.)

If the Load Models option is enabled within the Surgeon preferences, the Load Models page will be 
displayed in place of the CT Segment page. Once the CT data has been loaded for a given patient, the 
bone models must be associated with the data. The steps below outline the procedure for setting the 
correct bone models for a patient plan.

1. The available models sorted by patient name are listed in the Main window. Select the model file 
associated with the femur for the patient. Ensure the ‘femur’ selection is highlighted in the Control 
Panel and select ‘Set’. The model will load and a magenta outline will be displayed around the bone 
on the CT data. The file name of the loaded model will also be displayed in the Control Panel (file 
naming convention: last name-first name-operative side-bone)

2. Select the ‘tibia’ option in the Control Panel then select the model file associated with the tibia for 
the patient and select ‘Set’. The model will load and a magenta outline will be displayed around the 
bone on the CT data.

3. Before proceeding, confirm the magenta outline matches the bone contour for both the tibia and 
the femur. This will ensure that the correct models have been loaded for the patient.

Load Models

If the model file is not correct for a given patient name, operative side, or region, an Error message 
will be displayed.
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CT Landmarks

The CT landmark step identifies eight anatomical bone landmarks for use in the implant planning and 
bone registration steps.

Selecting CT Landmarks

Mako Product Specialist

1. Select the ‘Hip Center’ landmark from the side window.
2. Locate the appropriate anatomy in the transverse, coronal, and sagittal views and select by left-

clicking the mouse at the appropriate location in all three views.
3. Select ‘Capture Point’. The name of location of the landmark will appear on screen.
4. Repeat the previous steps for all landmarks.

CT Landmarks

The medial epicondylar point should be captured in the sulcus. The extreme edge of the bone should 
only be captured for the lateral epicondylar point.

For the Rotational Landmark, the software will estimate the Anterior/Posterior (A/P) direction and 
orient the blue cross appropriately. Adjust the direction based on the following instructions.
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For correct orientation of the Rotational Landmark:a.

a. Set the coronal view crosshair at the plateau level just below 
the lowest tibial condyle, such that the transverse view 
displays a full tibial plateau perimeter.

b. Identify the center of the PCL insertion (as evidenced by a 
brighter region of dense bone) and place the center of the 
blue rotation bar (ML axis) there.

c. Orient the Rotation Landmark such that the blue bar is 
tangent to the posterior medial edge of the tibial plateau 
perimeter and approximately 3-4 mm spaced from the most 
posterior lateral tibial plateau perimeter (gap between the 
lateral tibia and the blue bar).

d. Move the coronal view crosshair to the level of the tibial 
tubercle.

e. Rotate the Rotational Landmark such that the green arrow 
intersects the medial 1/3 of the tibial tubercle.

Rotational Landmark Rotational Landmark

Rotational Landmark
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Pre-Operative Planning

Mako Product Specialist/Surgeon

In the Pre-Operative Planning step the implant components for the chosen implant system are sized 
and placed in their initial positions.

Implant Planning Features:

Implant System Change Button - Allows the user to change the implant 
system. Reference the ‘Patient Information’ section for details.

Size - Drop down menu to adjust implant component size.

Implant View - A drop down list to select the active implant component. 
Only one implant component may be manipulated at a time.

Proud - These slider and bump buttons adjust the distance the implant 
protrudes from the bone. More proudness equates to less resection depth.

Undo - Removes the last implant movement for a given component.

Recenter Cross-hair - Returns the cross-hair to the center of the implant for 
the selected view.

Visual Menu - Opens a window which allows the user to select ‘Transition 
Zones’ for display.

 

For instructions on how to apply the tools described in this section, refer to the appropriate implant 
planning and surgical technique guide.

A prompt will display to chose either the implant plan for the size 
originally used (source) or the implant plan for the new selected size 
(target).

Displays the anatomical planes of the 
3D model

Displays the 3D model of one or both 
bones

Toggles the view between the 3D 
model and the graph

Displays bone mineral density data if 
BMD is turned ON and BMD 
calibration was performed 
successfully*

*(This feature is currently not being used by the Mako PKA Application.)

Displayed BMD data is for informational purposes only.

Changing procedures from medial to lateral intra-operatively requires a new segmentation if oblique 
segmentation was selected for the femur.

Implant Planning Features
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Pre Planning Tools (2D Main Window View)

1. 2D view name - Sagittal, Coronal, or Transverse.
2. 3D view Change Icon - Left clicking this icon reorients the 3D bone model in the upper right of the 

’Implant Planning’ page to the given view (sagittal, coronal, or transverse). Left clicking this icon a 
second time reorients the 3D bone model 180 degrees from the initial ‘left click’ view.

3. Implant ‘bump’ buttons - The straight arrows move the implant up, down, left and right relative to 
the bone. The curved arrows rotate the implant clockwise and counterclockwise about the cross-
hair.

4. Implant rotation wheel - By clicking (left) and drag, these white circles can be used to rotate the 
implant relative to the cross-hair.

5. 2D implant model - A graphical representation of the implant. This model can be repositioned in the 
2D view by clicking (left) and dragging on the implant.

6. Slice slider - This slider can be used to scan through the CT slices in each 2D view. A 
corresponding plane is updated in the 3D view.

7. Cross-hair - This cursor acts as a pivot point for implant rotation and a marker for distance 
measurement (inner diameter = 2 mm, outer diameter = 4 mm). Right clicking inside the window will 
move the cursor.

8. Rotation Value - This displays the rotation value of the implant relative to the bone. Clicking the text 
or number opens a dialog box where the rotational value can be set by typing in and confirming the 
change

9. CT Slicer Arrows - Advances the slices in 1 mm increments for all views.
.

When setting the angular rotation values (varus/valgus, internal/external rotation, posterior slope) by 
typing in a value, the application calculates the closest possible position given the constraints applied 
by the other angles. As a result, the angle displayed may not always match exactly what was entered. 
If typing in a rotation value produces an unacceptable result, the Undo button will erase the change.

1

3

7

5

8

2

4

6
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Completing a Patient Plan

Once the pre-operative planning step has been completed on the Mako Product Specialist’s (MPS) 
laptop, the patient plan is ready for export from the laptop and import onto the Mako. Refer to the 
‘Exporting the Patient Plan’ section of this manual for details.
.

If plans for a Medial Uni and a Bicompartmental procedure exist, removing or adding the 
Patellofemoral component when switching implant systems will cause a decision message to appear. 
The user will be able to choose whether they would like to use the Medial Uni Plan or 
Bicompartmental plan for the femoral and tibial components when switching implant systems.
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INTRA-OPERATIVE WORKFLOW

The following instructions apply to the workflow required in the operating room for completion of a 
Mako PKA procedure. Where applicable, the owner of a particular task has been identified. Completion 
of setup and the patient plan (as described earlier) are required to continue beyond this point.

Foot Switch Workflow

The foot switch may also be used by the surgeon as a mouse-click to capture the following Mako 
(MAKOplasty) data on the respective pages in the surgical flow, interchangeably with MPS Mouse 
operation, regardless of preference:

• RIO Registration*:
- ‘Start’ button
- ‘Restart’ button

• Patient Landmarks:
- ‘Capture’ button

• Check Points:
- ‘Capture’ button
- ‘Verify’ button

• Bone Registration:
- ‘Capture’ button
- ‘Verify’ button

• Joint Balancing:
- ‘Capture’ button

• Implant Planning:
- ‘Map Point/Surface’ toggle

• RIO Setup*
• RIO Registration*:

- ‘Start’ button
- ‘Restart’ button

• Kinematic Analysis
- ‘Capture Contact’ button
- ‘Capture Gap’ button

*The location of ‘RIO Registration’ can be configured in the workflow by selecting the desired option in 
‘Surgeon Preferences’.
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PRE-OPERATIVE MAKO CHECK

Probe Check

To ensure accuracy for the Mako (MAKOplasty) PKA Application procedure, the Probe must be 
checked for accuracy. The application automatically performs the Probe Check when both the Knee 
End Effector Array and Probe are visible to the camera as indicated on the Main Window display. If the 
instruments are not visible to the camera, they will appear gray in color.

Probe Check

Mako Product Specialist/Sterile Staff Member

1. Check the physical integrity of the sharp and blunt probes and check for proper VIZADISC 
attachment.

2. Orient the Knee End Effector Array and Blunt Probe (green) in the camera view such that the camera 
has an unobstructed and direct view of all VIZADISC. The ‘faces’ of both arrays should be parallel to 
the camera face.

3. Fully seat the probe tip in the Knee End Effector Array divot and hold the probe steady.
4. The application will automatically capture the Probe check values. 
5. If the measured error of the probe is good (<1.0 mm), the application will place a green check mark 

on the radio button in the Control Panel and autoproceed to the next step. If the error is less than 
optimal (1.0 mm to 2.0 mm), the user may still choose to proceed. Any error exceeding 2.0 mm will 
prevent the user from proceeding.

6. Repeat previous steps using the Sharp Probe (blue).

Repeated, failed efforts to verify probe may indicate a defective probe, incorrect VIZADISC 
attachment, defective VIZADISC, or incorrect camera position.
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Bone Array Placement (Femur and Tibia)

Surgeon/Sterile Staff Member

The Femur and Tibia require 2 Bone Pins for each array clamp construct.

• For the 4.0 mm Bone Pin, the Square Pin Adaptor may be used for bone pin insertion.
• For the 3.2 mm Bone Pin, use a Pin Driver (not provided)
• A Pin Driver (not provided) can be used to insert either 4.0 mm and 3.2 mm Bone Pins

Orthopaedic literature indicates that utilization of bone pins carry a potential increased risk of fracture 
near the bone pin sites.

References: 

1. Li C, Chen T, Su Y, Shao P, Lee K, Chen W. Periprosthetic femoral supracondylar fracture after 
total knee arthroplasty with navigation system.The Journal of Arthroplasty. 2006;12:049.

2. Hoke D, Jafari S, Orozco F, Ong A.Tibial shaft stress fractures resulting from placement of 
navigation tracker pins.The Journal of Arthroplasty. 2011; 26:3.

3. Jung H, Jung Y, Song K, Park S, Lee J. Fractures associated with computer-navigated total 
knee arthroplasty.The Journal of Bone and Joint Surgery [BR]. 2007;89:2280-4.

4. Nogler M, Maurer H, Wimmer C, Gegenhuber C, Bach C, Krismer M. Knee pain caused by a 
fiducial marker in the medial femoral condyle. Acta Orthop Scand. 2001;72 (5):477-480.

5. Wysocki R, Sheinkop M, virkus W, Della Valle C. Femoral fracture through a previous pin site 
after computer-assisted total knee arthroplasty.The Journal of Arthroplasty. 2007;03:019.

Place bone pins away from the resection planes to avoid inadvertent resection during ‘Bone 
Preparation’.

A Pin Driver (not provided) can be used to insert either 4.0 mm and 3.2 mm Bone Pins.

The Square Drill Adapter can be used with any surgical drill.

Bone Pins should be inserted perpendicular to the bone surface for extra-incision tracking. Pins 
should not be redirected or torqued during insertion or removal.

Ensure the Bone Pin does not exit the distal cortex of the bone to prevent damage to vascular 
structures and soft tissue.

Ensure the power tool used to drive the bone pins is set to ‘drill’ speed rather than ‘reamer’ speed.

Although Stryker Bone Pins are self-drilling and self-taping, extremely hard bone may require pre-
drilling of the bone. A drill size should be selected that is close to the minor diameter of the Bone Pin 
threads.

For Patellofemoral or Bicompartmental procedures, femoral Bone Pins might need to be more 
proximally placed to accommodate Patellofemoral (Trochlear) and Patella preparation.

Bone Pins should be placed such that arrays do not interfere nor impinge with the Robotic Arm and 
cutting system during bone resection.
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Bone Pin Insertion (Tibia only)

Surgeon/Sterile Staff Member

1. Using a scalpel, make one incision through the skin and fascia a minimum of 10 cm (approximately 
four finger breadths) inferior to the tibial tubercle and 10-15 mm medial to the tibial crest.

2. The second incision can be completed by 
using either of the following methods:
a. Make the second stab incision 

approximately 15 mm distal to the 
previous incision, or

b. Place the most proximal sleeve of the 
Array Stabilizer through the first incision 
and make an incision where the distal 
sleeve rests on the skin.

3. Fully seat the Array Stabilizer through both 
incisions so that the barrels are on the bone surface.

4. At an angle perpendicular to the tibia surface 
(approximately 45˚ from the sagittal midline), drive 
one of the bone pins through the first cortex and 
pierce the second cortex.

5. While holding the Array Stabilizer in place, drive 
the second bone pin through the first cortex and 
pierce the second cortex.

For proper use of the Array Stabilizer, ensure that only 3.2 mm diameter bone pins are used with the 
3.2 mm Array Stabilizer and 4.0 mm diameter bone pins are used with the 4.0 mm Array Stabilizer. 
Bone Pin diameter selection is at the discretion of the operative surgeon based on patient variables 
and surgeon technique.

Proximal Bone Pin Entry
Distal Bone Pin Entry

~10cm

~45°
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Bone Pin Insertion (Femur only)

Surgeon/Sterile Staff Member

1. Flex the knee to > 90˚ to elongate the quadriceps muscles.
2. Using a scalpel, make one incision through the 

skin and the fascia approximately 10 cm 
(approximately 3-4 finger breadths) proximal to 
the bottom of the trochlear groove (or superior 
edge of the patella) and approximately 45˚ lateral 
of the midline.

3. The second incision can be completed by 
using either of the following methods:
a. Make the second stab incision 

approximately 15 mm proximal to the 
previous incision, or

b. Place the most distal sleeve of the Array 
Stabilizer through the first incision and 
make an incision where the proximal 
sleeve rests on the skin.

4. Fully seat the Array Stabilizer through both 
incisions so that the barrels are on the bone surface.

5. Drive one of the bone pins through the first cortex and pierce the second cortex.
6. While holding the Array Stabilizer in place, drive the second bone pin through the first cortex and 

pierce the second cortex.
7.

For proper use of the Array Stabilizer, ensure that only 3.2 mm diameter bone pins are used with the 
3.2 mm Array Stabilizer and 4.0 mm diameter bone pins are used with the 4.0 mm Array Stabilizer. 
Bone Pin diameter selection is at the discretion of the operative surgeon based on patient variables 
and surgeon technique..

Sublux the patella prior to pin incision.

Placing the bone pins approximately 45° lateral of midline avoids “spearing” the quadriceps muscle 
group which may apply pressure and potentially move the bone pins when the knee is flexed. 
Alternatively, the pins can be placed 45° medial to the sagittal midline through the proximal extension 
into or medial to the quadriceps, if this has been performed.

~45°

Proximal Bone Pin Entry
Distal Bone Pin Entry

Trochlear 
Groove

~10cm
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Array Assembly (Femur and Tibia)

Surgeon/Sterile Staff Member

1. Loosely assemble the Pelvic Array Adaptor and 2-Pin Clamp.

Array Assembly (Left Knee and Right Knee)

2. Sliding the clamp over the bone pins seat the clamp against the top of the Array Stabilizer. Orient 
the assembly such that the clamp’s screw points away from the camera and the pelvic array 
adaptor’s screw points away from the incision.

3. Attach the Knee Femoral Array to the pelvic array adaptor.
4. Position the array as desired.
5. Using the Square Driver sufficiently tighten the array screw, the pelvic array adaptor screw, and 

lastly the clamp screw.

6. Verify the assembly is rigid.

7. Repeat steps 1-6 for the Knee Tibial Array.

Proper Assembly                     Improper Assembly

To reduce the amount of torque applied to the bone during assembly, hold the array assembly 
stationary when tightening the three thumb screws.

Ensure that the arrays are aligned such that both the tibial and knee femoral arrays are parallel to each 
other, the sagittal plane, and the camera. This will ensure the arrays are visible throughout range of 
motion.

The connections within the Array Assembly must be aligned properly, engaging the apposed 
serrations, to prevent loss of bone registration during the case. The image to the left shows proper 
assembly, the image to the right shows improper assembly.
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8. The image to the right illustrates fully assembled bone 
pins and arrays for a Mako PKA procedure.
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Robotic Arm Base Array Placement and Orientation

Surgeon/Mako Product Specialist

Surgeon/Mako Product Specialist

1. Depending on the operative side, position the Robotic Arm Base Array and the Mako tracker arm as 
shown in the figures below such that the larger attachment knob on the Mako tracker arm is 
pointing towards the patient’s head.

2. Orient the Robotic Arm Base Array such that the ‘Knee Center/Incision’ arrow points down.
3. Tighten the larger attachment knob on the Mako tracker arm.
4. Run the patient’s leg through a full range of motion to confirm robotic arm base array will not 

interfere with array tracking during the procedure.

Robotic Arm Base Array Orientation and Placement

This step is included as part of  RIO Setup for the Planar Workflow.

Placing the Robotic Arm Base Array such that the VIZADISC closest to the knee is at or slightly 
superior to the patient’s hip center may help reduce array interference during the procedure.

The Robotic Arm Base Array can be repositioned at any time before RIO registration. Once this 
registration is complete, moving the array will cause system inaccuracies. A re-registration of the 
Mako will then be required.

If a warning message indicating that the ‘Base array is too far from the knee center’ is displayed, the 
user is advised to readjust the base and bone arrays such that they are close to each other. This can 
be achieved by moving the Robotic Arm Base Array, the Mako, or the OR bed.

This message can also appear in the ‘Bone Preparation’ page, as the system performs a calculation 
of the distance between arrays using the data acquired in ‘Bone Registration’. Readjusting the arrays 
(by moving the patient leg or adjusting the Robotic Arm Base Array and re-registering the Mako) will 
correct the issue and allow the user to complete bone resection.

2” 5”
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Camera View Adjustment

Mako Product Specialist

1. Open the Camera View window from the Options menu or Camera View Toolbar.
2. Press the laser alignment button on the camera to engage the laser alignment feature. The laser 

light should shine on the patient’s knee when in 90 degrees of flexion.

Surgeon

3. Run the patient’s leg through the maximum possible range of motion from flexion to extension and 
verify the camera detects each array throughout. If necessary, change the array orientation such 
that the faces of the arrays are parallel to the 2D plane in which the leg flexes.

Camera View Adjustment

When an array is not visible, the colored sphere associated with that array disappears. Adjust the 
camera or patient position to return to visible arrays.
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Operating Room Layout

The following Operating Room Layout scenarios depict the positioning of all Mako System components 
placing the Robotic Arm on either the right or left side of the patient. 

Operating Room Camera Placement

The arrays and camera should be in parallel planes with the arrays in the field of view of the camera as 
indicated below.

When enabling the Planar workflow option, the Mako can only be placed on the operative side. For 
a right knee, the Mako is placed on the right and for a left knee, the Mako is placed on the left.

To prevent injury to the surgeon, surgical staff, and/or the patient, move the cutting tool to a safe 
location when not in use. If the cutting tool is placed in a high risk region (triangle region above), a 
chime will play to prompt 
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Mako (RIO) Setup

Mako Product Specialist

The ‘RIO Setup’ procedure is only applicable 
for the planar workflow.

1. Position the Mako approximately 3-5 feet 
distance from OR table  on the Operative 
side with the Robotic Arm Base Array 
located around the hip center.

Surgeon

2. Move the Robotic Arm to the Alignment 
Zone.

3. Press and hold the MICS trigger; the 
Robotic Arm will move along a constrained 
path to the ‘Setup’ position and then stop 
when the Progress Bar reaches 100%.The 
image display changes depending upon 
the operative side selected (right/left).

4. The application will auto-proceed to the 
‘Final Setup’ page once the ‘Setup’ 
position has been reached.

5. Pressing the ‘Free’ button from the ‘Final 
Setup’ page unconstrains the Robotic Arm 
and allows it to move freely. 

6. Flex the operative leg to 90 degrees; tilt the 
knee such that the hip, knee, and ankle are 
all in a sagittal plane (perpendicular to the 
floor).

7. Position the Mako such that it is at 90 
degrees to the OR table, the Robotic Arm 
Base Array is around the patient’s hip such 
that it lays in the same sagittal plane as the 
knee center and has an unobstructed line 
of sight to the camera, and the MICS is 
directly over the patient’s knee center.
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8. Confirm the RIO Setup, seat the Robotic Arm on the floor, then select ‘Next’.
9. Adjust the surgical table height to ensure the MICS handle is a minimum of a fist width away from 

the knee center.

Ensure the Mako lift mechanism has been lowered and the Mako is down on its feet. 
An icon will appear in the Main Window if the Mako has not been lowered onto the 
feet. 

10. Run the patient’s leg through a full range 
of motion to confirm robotic arm base 
array will not interfere with array tracking 
during the procedure.

11. Confirm the RIO Setup, then select ‘Next’.
12. When the ‘Bone Registration’ and ‘RIO 

Registration’ steps are complete, the live 
RIO Setup values are displayed 
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Mako (RIO) Registration

The Mako Registration step confirms the accuracy of the Robotic Arm and the location of the cutting 
tool tip.

Mako Product Specialist

1. Navigate to the ‘RIO Registration’ page.
2. The MICS Handpiece serial number is automatically uploaded onto the Mako. If the upload is 

successful, the MICS serial number will appear in grey text. However, if the upload is unsuccessful, 
perform the following steps:

• Select the MICS Handpiece serial number from the drop down list
• Select the ‘Reset Cutter’ option from the ‘Options’ menu.
If the MICS Handpiece is changed intra-operatively, refer to the ‘MICS Handpiece Not Powering ON’ 
section of this manual for trouble-shooting suggestions.

3. When the surgeon has properly oriented the Robotic Arm and the Knee End Effector Array is in 
view, select ‘Start’.

Surgeon

4. Attach the Knee End Effector Array to the MICS using the Registration Tool. Ensure that the Knee 
End Effector Array is fully seated. Observe the location of knee center, place the leg into extension, 
and move the Robotic Arm and Knee End Effector Array to the former location of knee center. 
Ensure the Knee End Effector Array is pointed toward the camera.

5. To capture knee center point, advance the Robotic 
Arm gently toward a position such that the end of the 
burr is located at the previously noted knee center.

The MICS Handpiece must be connected to the Robotic Arm prior to ‘RIO Registration.’ Failure to do 
so may prevent the cutting system from starting in the ‘Bone Preparation’ page. ‘RIO Registration’ 
should begin with the Robotic Arm in the same position and orientation as used during bone 
resection.

Ensure the Mako lift mechanism has been lowered and the Mako is down on its feet. 
An icon will appear in the Main Window if the Mako has not been lowered onto the 
feet. 

Before proceeding, ensure the Robotic Arm Base Array arm is positioned, oreinted, and secured as 
described in the “Robotic Arm Base Array Placement and Orientation” section of this manual.

RIO Registration should be performed as close to where the knee is going to be resected for the most 
accurate results. If the knee is going to be flexed at different angles for resection, it may be necessary 
to repeat RIO Registration. 

RIO Registration
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Surgeon

6. Perform RIO Registration by collecting points at each corner 
of the virtual cube. The Robotic Arm must be steady at each 
corner prior to point collection. Ensure that the Knee End 
Effector Array is consistently facing the camera during this 
step. Moving the Robotic Arm elbow left or right or rotating 
the MICS about the final Robotic Arm wrist joint will rotate the 
face of the array to help face the array toward the camera.

7. Repeat until all eight points have been captured. If the error 
tolerance is within threshold, the software will continue to the 
verification step.

Mako Product Specialist/Surgeon

Perform RIO Verification. Point the MICS with the Knee End 
Effector Array attached toward the floor and start verification. 
Once prompted, rotate the MICS 120° toward the ceiling and 
hold the MICS steady. Ensure that the Knee End Effector Array is 
consistently facing the camera during this step.

RIO Registration should begin with the Robotic 
Arm in the 90,90,90 position for the non-planar 
workflow.

The camera should not be moved during the RIO Verification Step as this will generate a failed 
verification. 

To get the most reliable accuracy check, the ‘tool tip to Knee End Effector Array check’ should also 
be performed in an area where the RIO Registration cube was performed.

The software will automatically proceed whenever the array is visible. The pose need not match the 
Robotic Arm on screen.

RIO Registration Verification Step 1

RIO Registration Cube
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8. Verification Step 2 - When prompted, rotate the wrist of the 
Robotic Arm at least 120°. Be sure the camera has a 
continual clear view of the Knee End Effector Array 
VIZADISC. The rotation angle indicated on the right will track 
the progress of wrist rotation. When the angle meets or 
exceeds 120 degrees and the Robotic Arm is held steady, a 
second verification will occur.

9. If verification fails, repeat ‘RIO Registration’ by exiting and re-
entering the page. The ‘Start’ button will appear as a ‘Restart’ 
button.

10. If the error is within tolerance, ‘RIO registration Verified’ will 
be displayed. 

11. Remove Knee End Effector Array from the MICS.  

If ‘RIO Registration’ continues to fail, the end effector assembly should be checked to ensure all 
pieces have been correctly assembled prior to restarting ‘RIO Registration’. 

Depending on where the first pose was taken, the range of motion may prevent rotation in one 
direction. In this case, rotate the Robotic Arm in the other direction more than 120 degrees and the 
second pose will be collected.

If the Knee End Effector Array drops out of view of the camera during the Verification step, select 
‘Restart’. Return the Robotic Arm and Knee End Effector Array to the starting position for verification 
step 1 and select ‘Continue’ on the Restart dialog box.

If the Page Auto Advance Preference is enabled for RIO 
Registration, the ‘Remove Array’ image will appear briefly 
or not at all and the software will automatically advance to 
the next step.

For the Planar Workflow, the Mako must be on the operative leg side.

After a successful registration, the application automatically restarts the cutting system. This process 
may take several seconds.

If a second registration is required after a passing first registration, select the ‘Restart’ button and 
confirm. If the Knee End Effector is different, exiting and re-entering the application is required.

RIO Registration Verification Step 2

Remove Array
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Patient Time Out Page

The Pre/Intra-Op Page allows final confirmation of patient information and acceptance of the pre-
operative plan before registration and resection begin.

The ‘Agree’ button must be selected to proceed.

Time Out Page

The patient name and operative side should be confirmed in a clinical ‘Time Out’.
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BONE REGISTRATION

Patient Landmarks

Mako Product Specialist

1. Navigate to the Patient Landmarks page.
2. With ‘Hip Center’ selected, select the ‘Capture’ button on the ‘Patient Landmarks’ page. The 

progress bar on the bottom of the main window will become active.

Surgeon

3. With the Knee Femoral Array visible to the camera, pivot the leg about the hip joint in an expanding 
spiral motion (but avoiding the limits of the hip range of motion) until the data collection progress on 
screen reaches 100%. An accuracy measurement will be displayed. If the measurement is within 
the tolerance, the user may proceed to the next landmark.

Patient Landmarks

Capturing Remaining Landmarks

Mako Product Specialist

1. Select the next landmark on the side menu.
2. When the surgeon has the probe appropriately placed, select the ‘Capture’ to collect the point.

Reduce medial/lateral motion of the hip by securing pelvis during hip center acquisition to improve 
accuracy.

Do not move camera during hip center acquisition - any movement can result in an inaccurate hip 
center computation.

Dislodging or obscuring knee femoral array during hip center acquisition can cause the computation 
to fail. Obscuring the knee femoral array during hip center acquisition will delay the collection of 
femoral poses.
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Surgeon

3. Hold the tip of the Blunt Probe (Green) at the indicated anatomical location on the correct side with 
both the probe and the corresponding bone array visible to the camera.

Surgeon/Mako Product Specialist

4. Repeat the previous steps for the next landmark.

Do not remove probe tip from bone until system has collected each landmark.

Landmarks can be cleared and recaptured individually by selecting the landmark and selecting the 
‘Clear’ button.
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Implanting Checkpoints and Initialization

Checkpoints and Initialization

Mako Product Specialist

1. Navigate to the Checkpoints page.

Surgeon

2. Load the Knee Checkpoint Driver with the checkpoint and install in femur and tibia at the following 
locations.

Femoral: medial side of the medial condyle just anterior to the femoral osteochondral defect with the 
divot facing distally. Remove osteophytes along the medial condylar-epicondylar ridge if they will 
interfere with installation or a distal approach for probing the checkpoint.

Tibial: place the checkpoint either lateral of the midline baseplate cut or inferior to the planned onlay 
tray resection.

3. Using the blunt probe, place the tip straight into the knee femoral checkpoint divot.

Mako Product Specialist/Surgeon 

4. Depending on the ‘Checkpoint Sequence’ selected in the surgeon preferences, the system will 
auto-advance to allow the user to capture and verify the femur and then repeat the same steps for 
the tibia, or capture the femur and tibia and then verify both checkpoints.

Ensure the checkpoint will not interfere with the planned implant resection before continuing.

Placing the checkpoint on the lateral side of the planned resection may not be possible due to 
presence of the patellar ligament and soft tissue (medial only).

For a lateral procedure, position the checkpoint in the corresponding location on the lateral side of 
the anatomy.

If the Capture/Verify femur Capture/Verify tibia preference is selected, the probe should be removed 
from the divot and replaced in the same orientation between the Capture and Verify steps.
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The application will not collect the checkpoint until the probe is still. If the probe is moving or not 
visible to the camera 5 seconds after the ‘Capture’ button is pressed, the system will display an error 
message and a capture must be repeated.

For patients with soft bone or when metal checkpoint stability is a concern, anatomical checkpoints 
on the bone may be captured in lieu of metal. Anatomical checkpoints should be clearly marked and 
accessible. Anatomical checkpoints are inherently less accurate than metal checkpoints because the 
accuracy of anatomical checkpoints depends upon the quality of the patient’s bone; metal 
checkpoints are preferred.

For soft quality bone, check the stability of the checkpoint before proceeding. Checkpoints which are 
not stable can move and cause inaccurate reference points.

Checkpoints must be captured in order to proceed to the Bone Registration page.
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Bone Registration: Femur and Tibia

Mako Product Specialist/Surgeon 

1. Navigate to the ‘Bone Registration’ page and select ‘Femur’.
2. Select ‘Start’. A progress bar will be displayed at the bottom of the main window.
3. Flexing/extending the knee as appropriate for point access, locate the tip of the blue probe 

(consistent with the color of the active point) on the bone as indicated. Use the end of the sharp 
probe to reach the bone surface through cartilage.

4. Initiate point collection by selecting ‘Capture’. Hold the probe steady for each point until 
confirmation of point acquisition is heard.

Bone Registration

If two points are captured less than 0.5 mm apart or if the probe is moved during the point capture, 
a message will be displayed asking the user to recapture the last point.
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Bone Registration Considerations:

If osteophytes were removed, do not attempt registration by collecting any points on newly resected 
surfaces.

Points should correspond to bone positions indicated on screen and be collected directly on bone 
surface. Failure to collect points correctly may result in an inaccurate registration and may result in 
inaccurate bone resections.

It is possible to clear a single collected point or every point collected for a given bone by selecting 
the ‘Clear Last Point’ or ‘Clear All Points’ buttons respectively.

The tibial registration requires the user to acquire points along the tibial tuberosity. These points are 
critical for the success of the registration. If acquired incorrectly, it is likely that inaccuracies will be 
introduced. In order to ensure proper collection of these points, the user is advised to acquire the 
points with at least 1 mm of space between them and forming a line in the medial-lateral direction.

If the next point captured is <0.5 mm from the previous point, the message ‘Point is too close to last 
point. Please reacquire’ will display.

Avoid abrupt position changes of certain tracked reference arrays (anatomy trackers,  robotic arm 
base array) after image registration. These abrupt position changes do not occur frequently. 
However, if they do take place, it may indicate an unintended and potentially hazardous situation 
where the original implant plan (position/orientation) could be changed, translating into inaccurate 
bone preparation.
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Registration Verification

Mako Product Specialist/Surgeon 

1. Touch the tip of the blue probe (corresponding to the color of the large spheres) to the point on the 
bone corresponding to one of the larger spheres displayed on screen.

2. Press ‘Verify’. The software will display an error value (depending on the set surgeon preference) of 
the measured distance between the probe tip and the registered bone model. If the error value for 
that point is below the tolerance, a sound will play and the blue point will turn white, signifying that 
the bone registration at the point is accurate. If the blue point turns red, the accuracy has not been 
verified and the error value was found to be above the tolerance. Repeat for all six verification 
points.

3. After femur registration verification, select ‘Tibia’ in the side window and repeat previous steps for 
the tibia. Located to the right of the model are guides displaying the probe Distance to Bone in mm 
and a 2D CT slice of the bone contour.

Registration Verification

Registration Result: A measure of overall bone registration accuracy, which is displayed once 
registration is complete. During Registration Verification, the status bar will display the value of the 
Verification Result, which indicates the accuracy of the last sphere verified. The Overall Accuracy value 
displayed in the Information Box indicates the overall registration accuracy.

If the verification values are unacceptable, consider the following steps: confirm accuracy of points 
by color, recapture landmarks, and/or re-register.

A reminder pop-up window will appear if the operator does not verify all required registration points. 
This pop-up will not prevent the user from proceeding. At least one verification sphere must be 
verified before proceeding to Bone Preparation.

If the CT landmarks, patient landmarks, or checkpoints are cleared after bone registration is 
complete, it will be necessary to re-verify the bone before cutting.

The ‘Overall Accuracy’ number displayed at the completion of registration is an indication of the 
overall registration accuracy; however, it is not the sole deciding factor for determining whether 
registration passes or fails. Other metrics and calculations are considered.
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Large Spheres (Main Window): Large spheres (blue) represent points at which the registration must be 
verified. The sphere will become transparent when the probe is within 3 mm from the surface of the 
sphere.

Small Spheres (Main Window): The small spheres displayed in the main window correspond to points 
collected during bone registration. The various colors represent registered distances from each point to 
the bone surface as calculated by the software.

Sphere Color Estimated Distance from Bone Surface

Green Less than 0.5 mm

Yellow Between 0.5 and 1.5 mm

Red Greater than 1.5 mm

The smaller colored spheres do give a general sense of registration accuracy. For example, a bone 
model covered in red spheres will likely be inaccurate. However, do not use the small sphere as the 
only indication of accuracy. Registration verification must be performed in order to confirm accuracy.

During Bone Registration Verification, the user can confirm the accuracy of any point on the surface 
of the bone by placing the probe on the desired area. The application will calculate the distance from 
the tip of the probe to the surface of the bone and display the value in the main window above the 
CT View window.



Mako PKA Application User Guide

80

INTRA-OPERATIVE PLANNING

Joint Balancing

The ‘Joint Balancing’ page facilitates capture of live limb alignment for use in implant planning. The 
flexion/extension angle, varus/valgus angle, and internal/external rotation values of the knee plan are 
displayed in the ‘Main Window’. Since the leg is registered, the models and numbers will continuously 
update in real time as the leg is flexed or extended.

Capture - Captures the current pose of the leg 
including flexion/extension, varus/valgus, and 
internal/external rotation values. (Available in 
‘Live’ mode only).

Delete - Deletes the selected pose. (Available in 
‘Review’ mode only).

Pose (Arrows) - The number of poses captured is 
displayed in the side menu. The user can scroll 
through captured poses by clicking the ‘Forward’ 
and ‘Back’ icons.

Live - Enables live updates of leg flexion, varus/
valgus angulation, and internal/external rotation. 

Review - Enables the ‘Review’ mode for viewing 
still picture updates of captured poses.

Implant Planning

For instructions on how to apply the tools described in this section, refer to the appropriate implant 
planning and surgical technique guide.

Remove osteophytes prior to capturing poses for Joint Balancing.

If the models and/or the values displayed in the Joint Balancing page do not appear to correspond 
to the patient’s anatomy, verify the accuracy of the bone registration before proceeding.

If the Varus/Valgus values appear to be incorrect, confirm the CT Landmarks are properly selected in 
the correct anatomical location.

For instructions on how to apply the tools described in this section, refer to the appropriate implant 
planning and surgical technique guide.

The features common to both the Implant Planning Page and the ’Implant Planning’ Page (Implant 
System Change Button, Size, Implant View, Proud, Undo, Recenter Cross-hair, and Visual menu) are 
described in the Implant Planning section of this manual. Aspects of these features specific to intra-
operative planning are described below.

Joint Balancing
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Map Point/Surface - Allows a single point to be mapped 
corresponding to the tip of the sharp or blunt probe. All mapped 
points also display an estimate of the cartilage surface, 
contouring to the bone at the probed offset thickness 
(represented as a yellow line and surface in the 2D and 3D 
views).

Clear Point/Surface - Removes the most recent mapped point 
and can be used to remove all mapped points.

Map Cartilage - Collects probe tip points continuously when 
selected. Once the points have been collected a cartilage surface 
is created (represented as a yellow line and surface in the 2D and 
3D views).

Information Box - Displays operative side, tight/loose gap 
distance at the pose selected, and distance from the Femoral 
component anterior tip to the bone.

Visual Menu - Opens a window which allows the user to enable 
or disable the following visual features.

Mapped Cartilage - If this option is selected, any points mapped 
using the Map Cartilage feature will be displayed in the main 
window.

Mapped Points - If selected, any points mapped using the Map 
Point/Surface feature will be displayed in the main window as 
yellow-orange colored points in the 2D and 3D views.

Mapped Surface - If selected, any surfaces mapped using the 
Map Point/Surface feature will be displayed in the main window 
as yellow colored surfaces in the 3D views and yellow colored 
lines in the 2D views.

Changing procedures from medial to lateral intra-operatively requires a new segmentation if oblique 
segmentation was selected for the femur.

Implant Planning Tools

Visuals Menu
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Tibial Tracking Points - When selected, red and orange dots 
will appear in the transverse, sagittal, coronal, and 3-D views. 
The red dots represent the articular center point of the tibial 
component for each of the captured poses (from the Joint 
Balancing Page). The anterior orange dot represents the anterior 
articular surface of the tibial component at the ‘extension’ pose. 
The posterior orange dot represents the posterior articular 
surface of the tibial component at the ‘flexion’ pose. 

Transition Zones - If selected, and only for implant types 
containing a patellofemoral component, transition zones will be 
displayed in the main window as pink surfaces in the 3D views 
and pink lines in the 2D views. The transition visuals will move 
with the patellofemoral component.

Cancel - If selected, the dialog box closes and no changes are 
made to the main window visuals.

Save - If selected, the dialog box closes and the all of the visuals are updated to the selected display 
options.

Graph - Displays a visual representation of the tightness or 
looseness of the knee at captured pose angles. The distance 
between planned components is displayed as a bar for each 
pose captured from the Joint Balancing step. Each bar 
represents knee tightness or gap/looseness at that pose. The 
purpose of the graph is to combine in one display the effects of 
implant placement for all captured poses. For example, if five 
poses were captured during Joint Balancing, five gap numbers 
would be calculated, and five bars would be displayed on the 
graph.

For the example shown, at the pose of 90 degrees, anterior 
translation of the femoral component would decrease tightness 
eventually resulting in looseness. Through implant AP 
adjustment, the user can set the desired ‘gap’ for the 90 degree flexion pose to the surgeon-desired 
soft tissue tension. Blue bars represent flexion angles where the components, if implanted, would have 
a gap between them (i.e., a loose knee: e.g., at 5, 45 and 60 degrees.)

Orange bars represent the opposite. If the components were implanted as planned and the leg brought 
to a pose represented with an orange bar, the knee would be tight at that flexion angle (e.g., at 90 and 
110 degrees).

Each time an implant’s placement is adjusted on the ‘Implant Planning’ page, the graph will update. By 
adjusting the implant, the extension, mid-flexion, and flexion gaps can be planned beforehand to 
desired post-surgical values.

Poly Thickness - Updates the bone model and the implant graph to display the Poly thickness 
selected (Option only for the Tibial components).

Tibial Tracking Points

Implant Planning Tools
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3D Model Views

Changing Cutting Tools

For detailed instructions on attaching the saw blade to the MICS, refer to ‘Attaching the MICS 
Attachment’, ‘Attaching the Saw Blade’ and ‘Attaching the Ball Burr’ sections of this manual.

Changing the Cutting Motor and Attachment (Intra-Operative)

If a cutting motor fails during resection, perform the following steps:

1. Remove irrigation clip and tubing.
2. Remove the cutting tool.
3. Disconnect the motor from the Robotic Arm.
4. Repeat the cutting motor installation steps per the ‘Connecting the MICS Handpiece’ section of this 

manual.

Displays the anatomical planes of the 
3D model

Displays the 3D model of one or both 
bones

Toggles the view between the 3D 
model and the graph

Displays bone mineral density data if 
BMD is turned ON and BMD 
calibration was performed 
successfully*

Displayed BMD data is for informational purposes only.This feature is currently not being used by 
the Mako PKA Application.*
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BONE PREPARATION

Checkpoints

The Checkpoint is a required confirmation of system accuracy before cutting commences. By placing 
the probe in the designated, previously set checkpoint, and the cutting tool in the Knee End Effector 
array, the system can allow safe and accurate resection.

Checkpoint Main Window
• Displays required bone and cutting tool for current 

resection step
• Displays images indicating required steps for passing 

checkpoint
• Displays visual cues of a green check or yellow 

warning triangle to indicate completion of checkpoint 
steps

• Plays audio cue upon passing checkpoint within 
tolerance

• Displays lowest checkpoint values in the Information 
Box

• Displays live checkpoint values in the Status Bar

Accept - Allows user to continue to bone resection with a checkpoint in the yellow or green tolerance 
region by selecting ‘Accept’. Selecting ‘Auto Check’ in Surgeon Preference on the ‘Patient Information’ 
page will prompt the system to automatically proceed when a checkpoint is within the green tolerance 
region.

Passing a Checkpoint

Surgeon/Mako Product Specialist

1. With the Mako in ‘Free Mode’, place the burr tip in the divot on the side of the Knee End Effector 
(EE) array with the burr tip perpendicular to the divot and the array facing the camera. The lowest 
checkpoint error value will be displayed in the Information Box.

Ensure the Mako lift mechanism has been lowered and the Mako is down on its feet. 
An icon will appear in the Main Window if the Mako has not been lowered onto the 
feet. 

Ensure the cutting tool to Knee End Effector array check is performed at the same location where the 
Mako was registered (i.e., the cube).

During Bone Preparation, checkpoint is required whenever either a cutter change or bone change 
occurs based on the preparation step selected. This requires less number of checkpoints compared 
to previous application versions for certain MCK procedures. However, the user can choose to verify 
checkpoints any number of times during bone preparation as the feature is available on call.

The lowest value at which the checkpoint verification passes in the green or yellow region is displayed 
in the Information Box. If a lower value is calculated, the new value will be displayed.

Selecting the ‘Accept’ button, or auto-proceeding past the checkpoint page also serves as 
acceptance of the ‘Required Surgeon Acknowledgement’ as shown in the Figure above.

Bone Preparation Checkpoint
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2. Place the blunt probe in the sawblade checkpoint with the probe perpendicular to the checkpoint 
divot.

3. Place the blunt probe in the bone checkpoint with the probe perpendicular to the checkpoint divot. 
The lowest checkpoint error value will be displayed in the Information Box.

If both checkpoint errors are within the green region

The user is allowed to advance. If the ‘Auto Check’ preference is enabled, the software will proceed 
automatically. If the ‘Auto Check’ preference is not enabled, select ‘Accept’ to proceed.

If the checkpoint error is in the yellow region

Follow the Femoral/Tibial CT View/Cutting Tool Validation Steps in the next section.

If the burr to EE array error is in the red region

The Robotic Arm Base Array is the likely cause of the error. Repeat RIO registration and return to the 
‘Bone Preparation’ page.

If the probe to checkpoint error is in the red region

1. Proceed to the ‘Bone Registration’ page and repeat the registration verification procedure for the 
bone in question.

a. -If the verification passes, a faulty checkpoint is the likely cause of the error. Proceed to step 2.

b. -If the verification fails, the bone array is the likely cause of the error. 

1. If no resection has occurred on the given bone:
• Inspect the array and ensure stability of the bone pins prior to tightening all three screws on 

the array.
• Clear and repeat the ‘Bone Registration’, ‘Checkpoint’ and ‘Patient Landmarks’ for the 

selected bone only. 
• Upon completion of ‘Bone Registration’, the registration should be inspected, and all the 

verification spheres should be verified to confirm the accuracy of the bone registration.

2. Proceed to the ‘Check Points’ page, remove the checkpoint from its current location and place it in 
an area with hard bone, away from resection area and in a location that is easily accessible.  Clear 
and recapture the checkpoint on the bone in question and re-capture at least one verification 
sphere before proceeding to the ‘Bone Preparation’ page.

If the cutter checkpoint is in the yellow region

1. Ensure the cutter is fully seated and tight in the cutter attachment.
2. Verify that the cutter attachment is fully seated in the MICS handpiece.

If both of the above checks have been verified to be correct, then select ‘Accept’ to proceed.

If the cutter checkpoint is in the red region

1. Ensure the cutter is fully seated and tight in the cutter attachment.
2. Verify that the cutter attachment is fully seated in the MICS handpiece.

If you suspect the array has moved, the intra-operative pose captures and intra-operative implant 
adjustments may need to be repeated to ensure accurate implant positioning.

The lowest value at which the checkpoint verification passes below 3 mm is displayed in the 
Information Box. If a lower value is calculated, the new value will be displayed.
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3. Verify the MICS is tightly attached to the Robotic Arm. 
4. If all of the above checks have been verified to be correct, then probe the checkpoint on the other 

side of the saw blade.
5. Determine if the Robotic Arm Base Array has been bumped or moved since passing RIO 

Registration.
6. If all of the above checks have been performed and the cutter checkpoint is still in the red region, 

tighten the base array before proceeding to the ‘RIO Registration’ page and re-register the Mako.

Checkpoint Tolerance Regions: The status bar colors displayed in the side window represent the 
checkpoint accuracy as calculated by the software. The following tolerance regions have been defined:

Femoral CT View/Cutting Tool Validation

Surgeon/Mako Product Specialist

1. Initiate ‘Free Mode’ and enter ‘CT View’ within the ‘Bone Preparation’ page.
2. Place knee in a flexed position to expose the distal medial condyle.
3. Place cutting tool on distal femoral surface at an approximate 45 degree angle, where cartilage is 

not present.
4. Location of cutting tool in CT view should correspond within 2 mm of the bone edge.
5. Place cutting tool at an approximate 45 degree angle on the anterior femoral surface where 

cartilage is absent.
6. Location of cutting tool in CT view should correspond within 2 mm of the bone edge.
7. Place cutting tool on the medial side of the femoral condyle parallel to the femoral mechanical axis.
8. Location of cutting tool in CT view should correspond within 2 mm of the bone edge.
9. If all three poses are within 2 mm, proceed with cutting at surgeon discretion. If any/all poses are 

outside 2 mm threshold, recheck the RIO registration and/or registration of the femur.

Tibial CT View/Cutting Tool Validation

Surgeon/Mako Product Specialist

1. Initiate ‘CT View’ mode and ‘Free Mode’.
2. Place cutting tool on proximal tibial surface at an approximate 30 degree angle, where cartilage is 

not present.
3. Location of cutting tool in CT view should correspond within 2.0 mm of the bone edge.
4. Place cutting tool at the same 30 degree angle on the anterior tibial surface of cortical bone where 

cartilage is absent.

Checkpoint Green Yellow Red

Bone Checkpoint ≤  1.0 mm > 1.0 mm, & ≤  1.5 mm > 1.5 mm

Ball Burr Checkpoint ≤  1.0 mm > 1.0 mm, & ≤  1.5 mm > 1.5 mm

Blade Checkpoint ≤  1.4 mm > 1.4 mm, & ≤  1.8 mm > 1.8 mm

For a lateral procedure, complete the above steps in the corresponding location on the lateral side of 
the anatomy.
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5. Location of cutting tool in CT view should correspond within 2.0 mm of the bone edge.
6. Place cutting tool at an approximate 0 degree angle on the medial side of the tibia on cortical bone.
7. Location of cutting tool in CT view should correspond within 2.0 mm of the bone edge.
8. If all three poses are within 2.0 mm, proceed with cutting at surgeon discretion. If any/all poses are 

outside 2.0 mm threshold, recheck the RIO registration and/or registration of the tibia.
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Bone Preparation Page Layout

Bone Preparation Page

A. Main Window
• Displays 3D representation of bone
• Clicking on any of the four preset views will re-orient the bone
• Allows the user to adjust the zoom of the bone model

Ensure the Mako lift mechanism has been lowered and the Mako is down on its feet. 
An icon will appear in the Main Window if the Mako has not been lowered onto the 
feet. 

ICONS

PRESS TRIGGER:
In Approach Mode, the stereotactic boundary will appear yellow and this icon will appear 
instructing surgeon to press the trigger to initiate motorized alignment.

ALIGNING:
In Approach Mode during motorized alignment, the stereotactic boundary will appear 
yellow and this icon will appear indicating the trigger is pressed and the Robotic Arm is 
moving.

MICS ON
In Cutting Mode, this icon will appear indicating that the cutter is powered.

MICS OFF
In Cutting Mode, when the cutter exceeds a specified limit from plan, this icon will appear 
indicating that the cutter is not powered.

A B
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B. Bone Preparation Side Window

Check result - Displays Checkpoint pass/fail values (if display 
numerical values preference selected from the ‘Patient 
Information’ page).

Side/Bone/Size/Tool - Displays operative side, active bone, 
implant size, and cutting tool information.

Mode - Free, Approach or Cutting.

Forward / Previous - Allows user to change resection step one by 
one. A drop down menu allows user to select from a list of 
possible resection steps (set by preference).

Irrigation - The irrigation bump buttons allow the user to change 
the flow of the irrigation (0 off to 8 max.). Changing irrigation 
values requires 1-2 seconds to update.

CT View - Toggles the CT View screen which will display a 
transverse, sagittal, coronal, and 3-D view of the CT data and 
implant model with a live update of any active probe or cutting 
tool.

FREE:
In ‘Free Mode’ (Unlock), the Robotic Arm is free to move. Approach Mode and Cutting 
Mode are disabled.

If the system provides insufficient irrigation and a risk of ‘thermal burn’ exists, apply supplemental 
bulb irrigation to prevent thermal necrosis.

ICONS

Bone Preparation Window
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Mode: Free 

‘Free Mode’ allows the Robotic Arm to be moved without tactile feedback. Though gravity 
compensation keeps the arm from dropping, the user may position the arm at any physically achievable 
pose.

‘Free Mode’ also inactivates the cutting motor and disengages the stereotactic boundaries

Transition to ‘Free Mode’ can be achieved at any time during resection by pressing the ‘Free’ button in 
the side window of the application. ‘Free Mode’ can be disengaged by pressing the ‘Free’ button a 
second time.

Mode: Free (Standby)

During ‘Free Mode’ (Standby), Approach Mode is available. Cutting Mode is also available through 
surgeon enabled motorized alignment of the Approach Mode.

If ‘Free Mode’ is engaged while the MICS Handpiece is powered ON, the stereotactic boundaries will 
be disengaged only after the power is disabled and the cutting tool stops.

To avoid possible serious injury, do not disengage stereotactic boundaries (such as engaging ‘Free 
Mode’) while pressing the MICS Handpiece into the bone or a stereotactic boundary. Proper 
communication between surgeon and the Mako Product Specialist (MPS)is essential.
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Mode: Approach 

Motorized alignment in ‘Approach Mode’ assists the user in guiding the MICS Handpiece into the 
stereotactic boundary. Press and hold the MICS trigger to align the cutting tool to the stereotactic 
boundary. Once aligned, the cutting plan within the stereotactic boundary turns green and the system 
automatically proceeds to ‘Cutting Mode’.

From ‘Free Mode’, and after the checkpoint for the cutting step has passed, the system will proceed to 
‘Approach Mode’. A yellow wireframe representing the stereotactic boundary will appear in the main 
window overlaid on the 3D model of the bone for burr bone preparation steps. For the Planar Workflow, 
a yellow wire outline marks the stereotactic boundary.

Approach Mode Window (Femur)

During surgeon controlled motorized alignment, when the cutting tool is engaged into the stereotactic 
boundary, the system requires that the MICS trigger be released and depressed again to turn ON the 
cutting tool.

If the user chooses to manually engage in bone surface burr cuts instead of using surgeon controlled 
motorized alignment, the cutting tool can be turned ON as soon as the MICS trigger is depressed 
inside the stereotactic boundary.

In extreme cases of rotational deformity (e.g., extreme tibial plateau varus), the Robotic Arm may be 
unable to align the saw blade to the stereotactic boundary. To enable alignment, it may be necessary 
to remove the tibia from the Leg Positioner and rotate it such that the stereotactic boundary medial 
lateral axis is parallel to the floor. Ensure the leg is stable prior to resection.

Surgeon controlled motorized alignment is required for saw cuts in the Planar workflow; however, 
motorized alignment is optional for use with burr cuts in both the non-Planar and Planar workflow.



Mako PKA Application User Guide

92

Approach Mode Window (Tibia)
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Mode: Cutting 

In Cutting Mode, resection can occur inside stereotactic boundaries. In this mode, the Cutting System 
cutting motor will engage when the MICS trigger is depressed.

Surgeon controlled motorized alignment is required for saw cuts in the Planar workflow; however, 
motorized alignment is optional for use with burr cuts in both the non-Planar and Planar workflow.

While in Cutting Mode, users may not select from menus, navigation tabs or Back/Next buttons.

To minimize blade skiving, carefully score the bone with the saw blade as you enter the cut. If the 
blade is deflected when it initially enters the bone, it will be difficult to ensure an accurate cut unless 
the saw blade is removed and entry point into the bone is corrected.

To ensure accuracy, do not exert strong forces on the Robotic Arm, particularly as the blade initially 
contacts the bone. Large forces applied to the cutting system handle may result in flexing of the 
blade.

Always keep a second MICS Handpiece and each attachment sterile and on hand. Failure of the 
motor or attachment can render the Robotic Arm unable to complete resection. The 
MICS Handpiece and attachment can be changed intra-operatively. Refer to the ‘Attaching the MICS 
Attachment’ section of this manual If the MICS Handpiece is changed intra-operatively, refer to the 
‘MICS Handpiece Not Powering ON’ section of this manual for trouble-shooting suggestions.

It is possible during use for the MICS Handpiece trigger to become stuck in the ‘pressed’ position. If 
this situation occurs while the system is in cutting mode, the cutting tool will continue to cut, but the 
Robotic Arm will be locked within the stereotactic boundaries. Do not leave the MICS Handpiece 
unattended. Select ‘Free’. Then, to correct a stuck trigger, release it by applying gentle pressure to 
the trigger from the side.

An excessive, ‘heavy handed’ approach to stereotactic boundaries may result in an unsmooth surface 
for implant placement and may damage surrounding soft tissue.

If a cutting tool contacts a retractor or other instrument while spinning, particulate metal may be 
released into the surgical site and compromise long term implant viability. Lavage the area and 
replace the cutting tool if such a situation occurs.

It is possible to accidentally remove unintended bone and tissue in the resection area with the shaft 
of the spinning cutting tool. To avoid serious injury, always be aware of the orientation of the Robotic 
Arm and cutting tool shaft while resecting.

In extreme cases of rotational deformity (e.g., extreme tibial plateau varus), the Robotic Arm may be 
unable to align the saw blade to the stereotactic boundary. To enable alignment, it may be necessary 
to remove the tibia from the Leg Positioner and rotate it such that the stereotactic boundary medial 
lateral axis is parallel to the floor. Ensure the leg is stable prior to resection.
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The region to resect appears in the ‘Main Window’ as a green volume on the 3D model of the bone. 
Ideally, removing all of this green volume will create a resected pocket identical to that of the operative 
plan. The goal of cutting mode is to remove as much of the green volume as practically possible and 
visible.

MICS Handpiece Not Powering ON

Surgeon/Mako Product Specialist

In the event that the MICS Handpiece does not power ON, perform the following steps:

1. Re-press the trigger.
2. Reset the cutter, wait 10 seconds after clicking ‘Reset Cutter’.
3. Disconnect/reconnect the MICS Handpiece cable from the back of the Robotic Arm.
4. Exit the application and reset the Robotic Arm software.
5. Re-enter the application.
6. Replace the MICS Handpiece. The MICS Handpiece serial number is automatically uploaded onto 

the Mako.
• If the upload is successful, verify the cutting tool checkpoint before proceeding with bone 

resection.
• If the upload is not successful, an error message will appear instructing the user to return to the 

‘RIO Registration’ page and select the serial number from the drop down menu. The application 
will return to the ‘RIO Registration’ page after pressing ‘Continue.’

7. Perform ‘RIO Registration,’ then continue onto ‘Bone Preparation.’

Visualization and Stereotactic Boundaries

The stereotactic boundaries guide resection by restricting the cutting tool position. It is, however, 
possible to exert force and overcome the stereotactic walls. A number of software features have been 
put in place to prevent this occurrence and mitigate possible issues.

Beeps

If the user exerts force against the stereotactic boundaries in cutting mode, the system will emit audible 
beeps, indicating a situation which, if continued, may result in inaccurate resection. If beeps are heard, 
do not continue to exert force on the Robotic Arm.

MICS Handpiece Shutoff

If the user exerts excessive pressure against the stereotactic boundaries, the MICS Handpiece will 
automatically disengage to prevent inaccurate resection.

Bone Model Color

As described previously, the green volume on the 3D bone model represents the resection region. The 
stereotactic boundary is a volume smaller than the green volume. It is possible for the user to exert a 
force on the Robotic Arm, which places the cutting tool outside of the green volume, but still allows the 
cutting tool to continue spinning. To account for this region, the software surrounds the green volume 
in a 1 mm thick cushion, visualized as a white surface. Under the white surface, at the limit of where the 
system allows the cutting tool to safely travel, is a red surface.

If it appears that the cutting tool will impinge on bone or soft tissue during surgeon enabled motorized 
alignment, release the trigger to cease all motion of the Robotic Arm. Move the cutting tool away from 
the knee joint, increase/decrease flexion and rotation as required to provide better access and to 
ensure all soft tissues are retracted away from the joint.
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The red surface represents locations on the bone where the cutting tool has gone more than 1 mm 
outside of the planned resection. Consequently, the user should avoid creating red surfaces on the 
bone model by responding to the visual and audible cues listed above.

Though the surface appears red, the ‘Cutting Motor Shutoff’ feature will prevent the user from creating 
an inaccurate resection. Presence of a red surface is an indication that the user attempted to push 
beyond the stereotactic boundaries, but does not necessarily represent an unacceptable or excessively 
inaccurate resection.

Reference Array Tracking

In order for the Mako to provide accurate stereotactic boundaries and update an accurate position of 
the spinning cutting tool, the reference array of the resected bone must be visible. If an array is 
blocked, a warning message will appear and the Robotic Arm will switch to ‘Free Mode’. The message 
will disappear automatically and the Robotic Arm will return to approach mode when the blockage is 
removed. 

Velocity Trap

If during cutting, the patient’s leg or reference arrays abruptly change position or the camera or the 
camera stand is bumped, a velocity trap safety indication will appear on screen, accompanied by a 
shutoff of the spinning cutting tool and a series of beeps.

Since the patient’s leg is being tracked by the camera and the Robotic Arm is coupled to the cutting 
region, any inadvertent leg motion will cause a corresponding inadvertent Robotic Arm motion. The 
‘Velocity Trap’ safety function initiates to disable the cutting motor and uncouple the leg/Robotic Arm. 
Abrupt position changes during cutting do not occur frequently and may indicate an unintended and 
potentially hazardous situation. 

In most cases, the ‘Velocity Trap’ is self-correcting. If you experience difficulty, pull the Robotic Arm 
back to the ‘Approach Mode’ zone and press the MICS trigger to begin the motorized alignment.

Resection of Surfaces

Resection of the bone surface can be accomplished with the saw blade or Ball Burr, depending on the 
chosen implant system. While in the cutting mode, attempt to remove as much green volume on the 
screen as practically possible. This will create a smooth and accurate resection on which to cement the 
implant.

Trim

For implant configurations involving the Tibial Onlay component, a ‘Trim’ option is available. This option 
may be selected if greater visibility is desired during tibial onlay bone resection.

Resection of Posts / Keel

All implant posts are resected using the Ball Burr. Each post requires motorized approach using the 
MICS trigger to enter the bone cut.

Post Orientation Assistance

By default, motorized approach for the posts does not affect the orientation of the cutting tool. In 
‘Cutting Mode’, only the tool tip is constrained.

If encountering difficulties accessing the post hole cut, ensure the ‘Orientation Control’ toggle button is 
disabled, which is the default setting when entering bone preparation.  If ‘Orientation Control’ is 
enabled, the system provides orientation guidance and constraint allowing the cutting tool to align with 

In ‘Cutting Mode’, stereotactic boundaries will remain in place for up to 2.5 seconds to ensure the 
cutting tool is safely powered OFF when an array is blocked.
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the post axis for resection. To enable ‘Orientation Control’, toggle the button such that it is outlined in 
green.

The ‘Orientation Control’ toggle button is unavailable when engaged with the stereotactic boundaries 
for ‘Cutting Mode’.

Orientation Control is enabled. Orientation Control is unavailable.

Orientation Control is disabled.

Before cutting the post holes or keel, after performing a surface resection, it is recommended to 
confirm the accuracy of the system by placing the Robotic Arm in ‘Free Mode’ and bringing the 
cutting tool to the EE Array and the probe to the checkpoint. The ‘Status Bar’ will display the accuracy 
of the checks.Additionally, using ‘CT View’ locate the position of the cutting tool can confirm the 
accuracy of the system and specific critical areas of the bone.
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CT View

CT view allows the user to use the tip of the active cutting tool or tracked probe to investigate real time 
correlation of resection positions relative to the pre-operative plan, the CT data, and the patient 
anatomy.

CT View can be accessed in any “cutting” Bone Preparation screen by selecting the ‘CT View’ toggle 
button on the side window. When active, CT View screen will display a transverse, sagittal, coronal, and 
3-D view of the CT data and implant model with a live update of any active probe or cutting tool. CT 
view can remain active in ‘Free Mode’, ‘Approach Mode’ or ‘Cutting Mode’ (without allowing the cutting 
tool to spin). To exit ‘CT View’, toggle the ‘CT View’ button. The various cursor displays, sizes, and a 
cross hair are outlined in the table below. The poly thickness drop down for tibia cuts is located in the 
upper left quadrant of the CT View main window.

CT View

Cursor Displays and Sizes
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Manual Resection

Surgeon

If it becomes necessary to proceed with resection without the use of the Mako, (e.g., if the Mako is non-
functional) refer to the associated implant planning and surgical technique guide for the chosen implant 
system. Refer to the Mako PKA Surgical Guide for RESTORIS MCK (PN 209708) for detailed 
instructions for ‘Manual Peg and Keel Preparation’. 

.
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KINEMATIC ANALYSIS

During either component trial evaluation or final implant evaluation, the Kinematic Analysis page 
provides the surgeon the ability to quantify post-resection limb alignment in extension, joint gaps, and 
kinematic range of motion. This page also enables the user to compare post-resection limb alignment 
and joint gaps to pre-resection values. This step is available, but not required for completing the Mako 
PKA procedure.

Kinematic Analysis Screen

Available Features:
1. 3D visualization of the knee in sagittal and coronal view located in the bottom two panels of the 

main window. These models update live as the leg is moved through its range of motion.
2. Quantification of flexion, joint gap, and limb varus/valgus alignment. These values are updated live 

as the leg is moved through its range of motion. When Pre-Resection is selected, and the flexion 
angle is within ±5 degrees of the pre-resection pose, the pre-resection joint gap and varus/valgus 
value are displayed; otherwise, the pre-resection value will appear as N/A.

3. Capture of post-resection gap. The user may record a post-resection gap between the trial/implant 
components at any given flexion angle by first capturing a range of ‘contact poses’ through the 
flexion range using the ‘Capture Contact’ button, and then capturing gap poses at different flexion 
angles using the ‘Capture Gap’ button. The value will display in the bottom center of the control 
panel.

4. Gap Graph. The top panel bar graph can display all captured pre-resection and post-resection gaps 
across all flexion angles for comparison.

For a complete description of this feature, refer to the applicable surgical guide for the selected 
implant.
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Performing Kinematic Analysis

Mako Product Specialist/Surgeon

1. Locate the Options drop down box and select the desired option for use with Kinematic Analysis: 
Trialing or Implantation.

2. Select ‘Capture Contact’ to begin capturing contact poses as the leg is moved through its entire 
flexion range of motion. Make sure the trial or implant components are in continuous contact 
throughout range of motion.

3. Select ‘Stop Capture’ when the desired range of poses is reached.
4. The gap values are now live and can be reviewed with the leg in any position a contact pose had 

previously been captured.

5. Select the ‘Capture Gap’ option to begin capturing poses at any flexion angle within the range 
captured during ‘Capture Contact’. This pose capture is analogous to capturing poses in Joint 
Balancing. The surgeon should apply the same moment as applied during Joint Balancing. The 
system measures and displays the gap for each of the captured poses.
a. Review of the captured poses can be performed by selecting the right or left arrow keys on the 

right panel of the display.
6. View the gap graph values for acceptance by selecting the  icon.
7. Locate the Poly drop down box to select a different size insert if desired.

a. The message ‘Changing the poly thickness will affect trialing/final gap values. Consider Re-
Capturing poses’ will appear.

b. Select either ‘Erase all final poses’ or ‘Add new final pose’ button.
-Clicking the ‘Erase all final poses’ button removes the existing gap bars for the selected option 

(trialing/implantation).
-Clicking the ‘Add new final pose’ button updates the existing gap bars in the graph to the correct 

gap distance.

Moving the leg too quickly will result in a broken range of the sagittal 3D view which can adversely 
affect the outcome of the Kinematic Analysis. Ensure the leg is moved slowly so that the orange/green 
range is solid.

The gap value changes to white if the user is outside ± 5 degrees of rotation from the contact pose.
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CASE COMPLETION

Archive & Exit

Surgeon/Mako Product Specialist

Once the user has reached the last page of the workflow, the application will display a ‘Patient Time 
Out’ to remind the healthcare professional to remove the mechanical checkpoints. Remove the knee 
femoral and knee tibial checkpoints using the Knee Checkpoint Driver tool. Acknowledge the reminder 
to remove checkpoints before selecting the ‘Archive and Exit’ button.

Remove the Femoral and Tibial Mechanical Divots before shutting down the system
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Exit and Shutdown

Mako Product Specialist

To exit the software and shut down the Mako.

1. Select ‘Exit’ from the ‘Options’ menu or ‘Archive and Exit’ from the ‘Archive and Exit’ page on the 
Mako. Note: If using an MPS planning laptop, the selection reads ‘Export and Exit’.

2. A dialog box will be displayed requesting the user to decide to continue to exit. Selecting ‘Yes’ will 
exit the patient plan. If the user does not wish to exit the plan, selecting ‘No’ will close the dialog 
box and return to the previous screen.

3. Select ‘Shutdown’ from the Mako (MAKOplasty) Startup Menu. Follow the on screen instructions.
4. Refer to the Mako System User Guide (PN 210711 (Mako 3.0) or PN 213957 (Mako 3.1)) for 

instructions regarding proper disconnection and storage of the Mako System.

Exit Time Out

Selecting ‘Archive and Exit’ will automatically archive the plan upon exiting.

If mechanical checkpoints were used, the dialog box displays an additional reminder to remove all 
checkpoint hardware.
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