Analysis of Validity of TTTG Distance using
Dynamic 3D Printed Knee in Various Flexion Angles
with CT and CAD as Controls
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Introduction

* The TTTG distance is an important parameter to measure the position of tibial tuberosity (TT) in relation to
the trochlear sulcus; which in turn allows to determine if medialization of the TT is needed or not.

* Due to the screw home mechanism, tibia rotates 5° externally in the last 15° of extension and rotates

internally on early flexion. Hence, position of the TT cannot be static due to the external / internal rotation of
tibia during terminal extension/ early flexion.

* |f position of TT is not static than, TTTG cannot be a static measurement!

Anterior Anterior

Medial




Purpose

* To determine the dynamic relationship between TT and TG on dynamic 3D printed knee models
in various ROM.

* To revalidate data with CT control and CAD control.

* To analyze the validity of routinely performed TTTG and its clinical usefulness.




Methods

* In order to minimize the cost and the radiation hazard of CT scans in different degrees of flexion, only five
patients were selected in stage 1.

* Only those patients who will otherwise need a dynamic 3D printed knee due to complex pathologies in
their knees, were selected. :
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 Methodological steps
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e CTscan in different degrees of flexion

« Hyperextension, neutral flexion, 0° ,30° and (60° in a few case.)

e Collect DICOM images
* 3D image processing by mechanical/biomedical engineers
* ABS printing using 3D printer

e Dynamic 3D printed knee

Arthroscopy & Sports Knee EL\n\c



Dynamic Printed 3D
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-View from lateral side-

Dynamic Printed 3D
Knee models
-View from medial side-
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Resulis: # 11703 (Dynamic TITG-CT and CAD Control)

Strech Neutral 30 degree
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Length: 4.5 Ba\cm

TITG 24.4 mm TITG 21.8 mm TITG 14.7 mm
-TG distance: 21.8 mm o

distance: 24.4 mm TT-TG distance: 14.7 mm

CAD Control
-Significant reduction in TITG
from 0-30° Flexion-

!I

Hyperextension Neutral Extension 30° Flexion 60° Flexion

-
Length: 6.334 cm
/ Length: 4.760 cm

Hyperextension Neutral Extension 30° Flexion
CT Control =
-Significant reduction in TTTG TITG 24.4 mm

from 0-30° Flexion-
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Results: # 13083 (Dynamic TITG- 3D Print)
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Dynamic Printed 3D
Knee models
-View from lateral side-

Dynamic Printed 3D
Knee models
-View from medial side-
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Resulis: # 13083 (Dynamic TITG- CT and CAD Control)

., Neutral

883 = ,ég e (R ¥ CAD Control
e — LGt | NGRSO -Significant reduction in TTTG
TITG 28.5 mm TITG 18 mm | TITG 17 mm from 0-30° Flexion-

TT-TG distance: 28.5 mm

Hyperextension

TITG 18 mm
CT Control

-Significant reduction in TITG
from 0-30° Flexion-

\

{ Hyperextension Neutral Extension 30° Flexion
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TTTG in different degrees of flexion on
Dynamic 3D Knee Print Vs CT Vs CAD

Mean Difference

» = BN _:' .
5 % N

30° Flexion- 60°
Flexion

Hyperextension-0° 0° Extension- 30°
el Extension Flexion

Dynamic 3D print 18.45% 39.71% 8.57%

CT scan 11.1% 36.18% 5.16%

CAD models 5.94% 34.78% 13.85%

* Dynamic 3D Printed Knee model confirmed that Proximal tibia rotates internally from hyperextension to
flexion, reducing TTTG.

e The most significant reduction in TTTG values (39.71%) occurred from 0° to 30° of flexion on dynamic
3D printed knee models, which also matched with CT and CAD controls.
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Hyper Extension

Discussion
Dynamic 3D Printed Knee Models

Fact 1

« There is a screw home mechanism. 0° Flexion
« We confirmed that TTTG reduces > 35% from extension to 30° S

Fact 2

« Patella engages in trochlea in approximately 30° of flexion.
« Means TT, thru patellar tendon drags patella intfo trochlea at 30° flexion.

« Thus, TTTG value is meaningful at the point of engagement of patella in frochlea

and not in neutral extension position.

Then why are we measuring TTTG in extension?




Conclusion
TITG Measurement Validity

« Relatfion between TT and TG is not a static relation but a dynamic relation which

changes with different degrees of flexion.

« TTTG measured in extension is meaningless as it reduces >35% from full extension
to 30° flexion. TTTG measured at an angle when patella engages into frochlea is

clinically important rather than TTTG measured at neutral extension.

o |f at all, clinician wants to measure TTTG, it should be measured in 30° flexion.
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