
Technical implementation and evaluation of a curvature 
correction software for spinal SBRT.

Brainlab Novalis Circle
9th International Conference 2023

Adrián Gutiérrez ⎸Kyra Van Santvoort ⎸Thierry Gevaert ⎸Mark De Ridder

Purpose
Stereotactic body radiotherapy (SBRT) is a treatment option for spinal metastases, involving the
prescription of high doses which require an increased precision in the target delineation. Several sets
of images are often used to identify and contour the targets and organs at risk, including different
modalities (PET, MR). The position of the patient varies between these images and the CT used for
radiotherapy planning. Elements Spine SRS (Brainlab, Munich) includes a ‚Curvature Correction‘
module that elastically deforms to provide an improved fusion before segmentation. The aim of this
study is to evaluate the effectiveness of this curvature correction tool.

Materials and Methods
Retrospectively 92 CTs were selected from patients
who underwent RT for spine tumors between 2019
and 2022 and had available at least a previous CT
scan of the same region. Rigid fusions were
performed between the pairs of CT (RT and previous)
on Elements, followed by curvature correction.
Automatic segmentations were generated from the
resulting images. To evaluate the deformation on the
corrected vertebrae, individual fusion was performed
for each vertebra and a Dice coefficient computed
between the original and corrected contours. To
evaluate the performance of the curvature
correction, the corrected image was rigidly fused
using the spine as a ROI. Dice coefficients and
mean dose to agreement (MDA) were computed for
all vertebrae.

Conclusion
Acceptable general alignment was found between corrected and reference datasets with excellent
agreement between vertebrae segmentations. Distance from ROI and anatomical anomalies were
identified as source of misalignment or correction failure. Future work involves the validation of the
tool with multimodality datasets including MR and PET.

Results
Correction and segmentation was considered successful in 76 datasets. Disease-related anatomical
anomalies (collapsed vertebrae, etc.) was identified as an important source of correction failure.
Deformation analysis showed no Dice scores below 0.7, with median dice ranging between 0.95 (T11)
and 0.92 (C5). Lowest segmentation agreement was found in the vertebrae on the edges of the CT.
Mean dice coefficient for alignment correctness was 0,82 (SD 0,08) ranging from 0,83 (C6) to 0,93
(L4) and mean MDA 0,82mm (SD 0,77), ranging from 0,47mm (SD 0,06) (C1) to 1,08mm (SD 2,47)
(L5). Largest misalignments are observed on the extremes of the region analyzed.

Fig. 2 – Dice score evaluation of the agreement between uncorrected and corrected vertebrae.

Fig. 1 – Fusion of two datasets before (left) and after (right) 

curvature correction on Elements Spine SRS.
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Purpose
Left-sided breast cancer patients often receive deep inspiration breath-hold (DIBH) 
radiotherapy (RT) to reduce the relative risk of heart disease mortality. The purpose of this 
study is to validate the ExacTrac DIBH (Brainlab, Munchen, Germany) workflow (surface-
guided RT (SGRT) combined with image-guided RT (IGRT) against our reference, gated 
CBCT, and to analyze intra-breath-hold stability and reproducibility in clinical practice.

Materials and Methods
20 left-sided breast cancer patients treated with 40 Gy with a simultaneous integrated boost 
of 48 Gy in 15 fractions were included. Both a free-breathing (FB) and DIBH CT simulation 
were acquired, and appropriate skin was delineated to quantify the rise of the surface due to 
DIBH (Fig 1). Automated gating control (beam on/off) was performed using an audio-visual 
patient feedback system. Once the patient is within the DIBH gate, stereoscopic X-rays are 
taken for positioning. This workflow was compared to our standard: RGSC (Varian, CA, USA) 
in combination with a gated CBCT. Patients were positioned and gated for 7 consecutive 
fractions with our standard CBCT workflow and residual setup errors with stereoscopic X-
rays were measured. For another 7 consecutive fractions, the new ExacTrac Dynamic 
workflow was used and residual setup was analyzed with gated CBCT (Fig 2). Intra-breath-
hold stability and reproducibility across all fractions of the entire treatment course were 
analyzed per patient.

Conclusion
• Stereoscopic X-rays are equally accurate as gated CBCT positioning for left-sided breast DIBH. 
• X-ray imaging offers the possibility of evaluating the intra-DIBH stability to control the thoracic 

wall during irradiation.
• ExacTrac Dynamic enables a stable and reliable DIBH treatment delivery in clinical routine, 

as upstroke of simulation DIBH is considered and used for guidance.
• It also adds surveillance and confidence of intrafraction motion based on surface, and internal 

anatomy based on x-ray triggering

Results
The mean and standard deviation of residual setup errors after gated CBCT, verified with 
stereoscopic x-rays were 0.2(0.2) mm, 0.2(0.3) mm, and 0.3(0.4) mm for vertical, 
longitudinal, and lateral directions, respectively, and 0.6(0.8)°, 1.2(1.4)° and 1.1(1.4)°, 
respectively, for yaw, pitch, and roll (Fig 3). The mean residual setup errors of stereoscopic 
x-rays was analyzed based on gated CBCT, 0.3(0.4) mm, 0.4(0.4) mm, and 0.3(0.4) mm for 
vertical, longitudinal, and lateral directions, respectively, and 0.8(1.0)°, 1.1(1.5)° and 1.3(1.6)°, 
respectively, for yaw, pitch, and roll (Fig 3). Average intra-breath-hold stability was 1.1(0.7) 
mm and 2.3(1.3) mm for ExacTrac and RGSC, respectively (Fig 4).

Fig 1. Example of FB and DIBH contours used for 
breath hold amplitude (left) and respiratory point for 
breathing  pattern (right).

Fig 2. Patient treatment with surface and x-ray 
monitoring.

Fig 3. Residual setup errors after gated CBCT and 
stereoscopic x-rays, in terms of shifts and rotations. 

Fig 4. Average upstroke 
for ETD and RGSC


