Comparison of Strain Calculations
The 1D Lagrangian strain calculation (L) has been well-described as the change in the length (ΔL) of a segment of tissue divided by its initial length (L0):
											( 1 )
[bookmark: __Fieldmark__389_2020885004][bookmark: __Fieldmark__663_1693758136][bookmark: _GoBack]The differences between this common calculation and another common 1D calculation, natural strain (N), have also been well-documented as natural strain is related to Lagrangian strain through the natural logarithm (ln) [1]:
										( 2 )
[bookmark: __Fieldmark__412_2020885004][bookmark: __Fieldmark__686_1693758136]However, in 2 or more dimensions, it is not common or appropriate to use 1-dimensional calculations. Indeed, given the large, finite deformations that occur within the heart, it is common to use the Lagrangian Green finite strain tensor. This tensor, which has been used throughout the DENSE literature and in myocardial tagging literature [2–6], relies on spatial derivatives of the displacement field. The relationship between the 1D and 2D calculations has not previously been described in cardiac strain literature [7].
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Figure S2. 1D Lagrangian strain is the change in length over initial length or the spatial derivative of displacement. (A) A piece of tissue with initial length L0 is lengthened by ΔL. 1D Lagrangian strain can be calculated as the ratio of ΔL to L0. Alternatively, the displacements within the piece of tissue can be considered. (B) The derivative (slope) of those displacements with respect to their initial locations is an equivalent calculation of 1D Lagrangian strain.
In order to compare the 1D and 2D calculations, it is necessary to consider the 1D Lagrangian strain calculation as a spatial derivative of displacement (Figure 1). As a derivative, the 1D Lagrangian strain is given by:
											( 3 )
Where Ux is the displacement in the x-direction. Then, the 2D calculation can be considered in two steps. First, the deformation gradient tensor (F) is formed from four spatial derivatives of the displacement field and the identity matrix (I):
	
									( 4 )
Second, the Lagrangian Green finite strain tensor (E) is calculated by the following matrix equation where superscript “T” denotes the transpose operation:
										( 5 )
For comparison with the 1D calculation, Lagrangian Green strain (G) in the x-direction is given by the first component of E:
								( 6 )
By inspection of the terms in G, the first term is equal to the 1D Lagrangian strain. The second term is half of the square of the 1D Lagrangian strain, which would be a negligible component if the strain is infinitesimal. The final term is half of the square of a shear component, which is negligible if the amount of shear is infinitesimal. Ignoring the shear component, the relationship between the 2D calculation (G) and 1D calculation (L) is:
									( 7 )
This relationship is shown graphically in Figure 2. For negative strains, such as circumferential and longitudinal strains, the magnitude of the 2D calculation is lower than the 1D calculation. However, for positive strains, such as radial strain, the 2D calculation results in a higher magnitude strain.
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Figure S3. Relationships between 2D and 1D strain calculations. (Left) 2D Green strain and 1D natural strain are shown as a function of 1D Lagrangian strain. Both of them deviate from the 1D Lagrangian strain when the strain is not near zero. (Right) The differences in strain magnitude relative to the 1D Lagrangian strain magnitude are shown. For negative strains, such as circumferential or longitudinal strains, the 2D Green strain calculation results in a lower magnitude strain. The opposite is true for positive strains (such as radial strain). The relationship between 2D Green strain and 1D Lagrangian strain is opposite to that between 1D natural strain and 1D Lagrangian strain.
In order to properly evaluate the agreement between techniques that report 1D Lagrangian strain (such as feature tracking or contour-based strains) and reference standard techniques that use the 2D Lagrangian Green strain tensor (such as DENSE), we propose that a correction can be applied to the 1D strain results based on the above relationship. Specifically, given a 1D Lagrangian strain L, we propose to adjust that value by adding (1/2)( L)2 to account for the differences between the strain calculations.
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