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In order to reduce the size of the main manuscript, it was decided to include parts of the methods

and results in the supplemental material.

1 Methods

1.1 Determination of the center of the spheres

The sphere centers were determined based on the CT using a semi-automatic segmentation method

written in Python. A threshold of 30 HU was used to identify the sphere walls (all voxels with HU
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values greater or equal to 30 were assigned a value of 1, and all remaining voxels were assigned a

value of 0). Possible holes in the wall masks were manually adjusted by setting these values from 0

to 1. Next, the spheres were automatically filled out and the center of each sphere was calculated

as the center of mass (Rj) of each sphere mask (j = 1, . . . , 6):

Rj =

∑N
i=1 miri∑N
i=1 mi

(1)

Here, mi ∈ {0, 1} is the value of the ith voxel in the coarse segmentation mask and ri is the position

of the ith voxel. After determining the center Rj for all six spheres, a fine segmentation mask Mj

was created for each sphere j by setting all pixels i to 1, which fulfill the following equation:

(Rj − ri)
2 ≤

(
dj
2

)2

(2)

Here, dj is the diameter of sphere j = 1, . . . , 6. Voxels that did not satisfy this equation were

set to 0. The fine segmentation mask Mj has the same resolution and matrix size as CT-HD.

Based on Mj , the recovery coefficient (RCj) was calculated for each sphere j using the performed

SPECT/CT reconstructions. Before calculating the RCs, all SPECT reconstructions were interpo-

lated to CT-HD resolution using tri-linear interpolation. For the SPECT/CT measurements of the

six sphere configurations,performed in Leuven, SPECT reconstructions were performed using the

vendor reconstruction Flash3D. These SPECT images were additionally registered to the CT using

tools available in MIM. The RCj of each sphere j was then calculated by dividing the SPECT-based

activity (fine segmentation mask, Mj multiplied voxelwise with the SPECT reconstruction, A) by

the nominal activity within the sphere, ATrue,j :

RCj =

∑K
i=1 Mj,iAi

ATrue,j
(3)

ATrue,j was calculated by multiplying the sphere volume Vj with the activity concentration of the

SPECT/CT acquisition.
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2 Results

2.1 Influence of the number of OSEM updates on the recovery coeffi-

cients

In the main manuscript, only the convergence of the mean RC across all spherical permutations

was analysed. In addition, an analysis on the variation of the RC changes as a function of the

number of updates of the OSEM reconstruction is performed. Figure S1 shows the variation of

the RC for each sphere of the NEMA SPECT Phantom from 20 to 200 updates of the OSEM RR

reconstruction as a boxplot.

Especially for the small spheres (diameter < 28mm), it can be seen that the size of the boxes

becomes smaller with increasing number of updates. Increasing the number of updates therefore

reduces the influence of sphere positioning on the variation of the RC. On the other hand, for the

large spheres (diameter ≥ 28mm), no change in the variation of the RC can be observed after a

certain number of updates. It can therefore be assumed that the observed dependence of the RC

on the positioning of the spheres is also present for a large number of updates of the OSEM RR

reconstruction.

2.2 Variation of recovery coefficient for different sphere positioning

For reasons of space, not all relevant statistical values of the RC for all permutations are given in

the main manuscript. Instead, the full version of Table 1 can be found in the Supplemental Material

Table S1.

3



Figure S1: Boxplots for each sphere diameter showing the RCs of all permutations plotted against
the number of updates of the OSEM RR reconstruction (phantom type: NEMA SPECT Phantom).
The red lines represent the median RC of all 720 permutations. The blue boxes represent the
interquartile range of the RCs. The whiskers correspond to the maximum/minimum values for
each number of updates.
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2.3 Influence of the sphere positioning on the fit of the RC-volume curve

Fits for the RC curve of each sphere permutation were performed as described in the main manuscript.

The mean, standard deviation and maximum/minimum values of the fit parameters were then de-

termined. Another possibility of performing the fit is to fit the mean RC (RC) considering the

standard deviation of the RC (σRC) as the error. The fits for both phantom (NEMA PET and

NEMA SPECT) and reconstruction types (OSEM noRR and OSEM RR) are shown in Figure S2.

The parameters of the fits are given in Table S2.

Table S2: Fit parameters β and γ (± uncertainities) and coefficient of determination r2 of the fitted
RC curves (Fig. S2) for both phantom and reconstruction types.

Phantom type Reconstruction β γ r2

NEMA PET
OSEM noRR 2.02± 0.13 2.89± 0.09 0.99

OSEM RR 1.07± 0.07 2.07± 0.25 0.94

NEMA SPECT
OSEM noRR 3.09± 0.10 1.76± 0.12 0.99

OSEM RR 1.07± 0.11 1.98± 0.28 0.95
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Figure S2: Boxplots and fit of the mean RC for each sphere diameter showing the RCs of all
permutations of the OSEM noRR and OSEM RR reconstruction (a: NEMA PET, b: NEMA
SPECT). The black dots represent the median RC of all 720 permutations. The blue/orange boxes
represent the interquartile range of the RCs. The whiskers correspond to the maximum/minimum
values for each sphere diameter. The cyan/red line represent the fit of the mean RC curves regarding
the standard deviation as an error. The gray area corresponds to the 95% confidence interval.
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3 Simulation to determine the effect of large hot objects on

the convergence of small objects

To assess the influence of neighbouring spheres on the convergence of the OSEM reconstruction

for small spheres, additional Monte Carlo simulations were performed. The arrangement of the

simulations is shown in Figure S3 a. For Simulation A, a 13 mm diameter sphere was placed in

the centre of the NEMA phantom. Two large spheres of 60 mm diameter were placed above and

below the small sphere. The large spheres were placed on the same ring on which the spheres of the

NEMA SPECT phantom are typically located. For Simulation B, the small sphere was simulated

without any neighbouring activity. The simulations were performed using SIMIND with the same

parameters as for the main simulations of the study. Subsequently, SPECT reconstructions were

performed with RR (STIR, 1 subset, iterations from 20 to 1000, step size of 20 iterations) and

without RR (CASToR, 1 subset, iterations from 10 to 100, step size of 10 iterations). Finally, the

RC of the small sphere was calculated for both simulation arrangements (A/B), both reconstruction

types and all update numbers.

The RCs as a function of the number of updates are shown in Figure S3 b (left: OSEM noRR; right:

OSEM RR). For both reconstruction types, Simulation A results in lower RCs. For OSEM noRR,

convergence is observed after approximately 20 updates for Simulation B, while Simulation A has

not fully converged even after 100 updates. For OSEM RR, the convergence of Simulation B is

achieved after about 400 updates. Simulation A achieves a lower RC after 1000 updates than

Simulation B after only 20 updates.

Furthermore, it can be observed that OSEM noRR results in significantly lower recovery values

for both simulation setups compared to OSEM RR. The achieved values are even lower than those

in the NEMA phantom. This can be explained by the positioning of the small sphere for this

simulation. In the center of the NEMA phantom, the worst spatial resolution is expected, due to

the large distance between the sphere and the collimator. For OSEM RR this is not an issue, as this

effect is corrected by the resolution modeling. Nevertheless, the ideal RC of 1 could not be obtained

for this simulation. This can be caused by inaccuracies in the PSF modeling correction (PSF is
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Figure S3: Simulation to determine the effect of large hot objects on the convergence of small
objects. a: overview of the two arangements used to perform the simulations. b: RC of the small
sphere in the center as function of the number of updates for both simulation arrangements (Simula-
tion A: orange curve; Simulation B: blue curve) and both reconstruction types (left: OSEM noRR,
right: OSEM RR)

modeled as a Gaussian function in STIR, with its FWHM linearly increasing with the distance

of the detector), inaccuracies in determining the mask (in SIMIND, the spheres are geometrically

defined and are therefore ideal, but the mask for determining the recovery is based on the SPECT

voxels, resulting in a sampling effect), or inaccuracies in scatter correction.

The simulations impressively demonstrates that large hot objects strongly influence the convergence

of small objects in OSEM reconstructions. This is true for both reconstructions without and with

RR.
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