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Figure 1: Native morphologic T1w-TSE images of a 
representative transversal slice, cutting the sinus (see 
arrows), before (d0) and up to 104 days (d104) after 
the intervention. Right side: detailed demonstration of 
the region with the maxillary sinus, marked in the 
baseline image by the white dashed rectangle. 
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Figure 2: Parametric color-
maps of iAUC60 as result of 
the pixel analysis within the 
sinus ROI. The maps are 
shown as overlay to a native 
TrueFISP image. 
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Introduction 
Dynamic contrast-enhanced (DCE) MRI enables non-invasive imaging characterisation of tissue vascularity. Therefore it is used for therapy 
monitoring in oncological studies especially for antiangiogenetic therapies. So it suggests itself to try this method also for in vivo assessment of onset 
and maintenance of angiogenesis in transplanted biomaterials. The aim of this case study was to evaluate the feasibility to monitor the transformation 
of the transplanted biomaterial especially with the focus on the formation of the vascular system using morphological and DCE MRI. The tested 
material was bovine bone matrix applied in a bilateral sinus lift procedure in combination with concentrated mononuclear cells including 
mesenchymal stem cells and autologous thrombin [1]. 
 
Methods 
Both maxillary sinus were augmented in a 68 year old, female, edentulous patient with a bilateral atrophy of the posterior alveolar process. The 
augmentation was performed in a surgical procedure. As material was used BBM (BioOss® 0.25-1mm, Geistlich Pharma AG, Switzerland) enriched 
with mononuclear cells in thrombin. The mononuclear cells were extracted from bone marrow after puncture of the pelvic bone. 
MRI measurements were performed 2 hours before the intervention to obtain baseline values. The protocol included a high resolution morphologic 
T1-weighted turbo-spin-echo (TSE) sequence (TE=11-13ms, TR=400-528ms) in transverse, coronal, and sagittal orientation. Transversal images 
were acquired before and after application of contrast media (CM). DCE-measurements were performed in transversal orientation with a slice of 10 
mm thickness through both sides of the sinus. A time series of inversion recovery balanced SSFP (TrueFISP) images were acquired (α=40°, 
TE=TR/2=1.24ms) [2, 3] to obtain the dynamic change of the R1=1/T1 relaxation rate (3s temporal resolution, 5:30 min duration). The measurement 
started 36s before the administration of CM to gain baseline values. Consecutively, Gd-DTPA (Magnevist, Bayer-Schering Pharma, Berling, 
Germany) at a dosage of 0.1 mmol/kg body weight was injected into an antecubital vein at a flow rate of 3 ml/s (power injector, MEDRAD, 
Inc.,USA). The MRI was performed with a 1.5 T scanner (Sonata, Siemens Medical Solutions, Germany) using a standard head coil. 
Examinations were repeated on days 11, 25, 53 and 104 after the intervention. 
For DCE-MRI data analysis a custom-built software package developed under MATLAB (http://www.mathworks.com) was used. CM concentration 
was calculated of the measured R1 values [4]. The initial area under concentration curve for the first 60 seconds after the bolus reached the tissue 
(iAUC60) was determined as model free parameter. The two compartment model of Tofts and Kernmode [5] was applied to evaluate volume transfer 
constant (ktrans) [6] and the volume of extravascular extracellular space (ve) as quantitative pharmacokinetic parameters. Right and left parts of the 
sinus were chosen as region of interest (ROI). To obtain more spatial information within the sinus-ROI, a pixel-wise analysis was performed. 
 
Results 
It is possible to observe the transformation of the 
transplanted biomaterial in the T1-weighted images. A 
hypointense region at the rim of the transplant is 
growing to the centre with increasing time after the 
surgery (Fig.1). In the post CM images the 
corresponding regions show enhancement. The 
dynamic curves of the mean CM-concentration in the 
sinus-ROI show simultaneously to a drastically 
increasing CM-uptake after the surgery an alteration 
of the shape. Compared to non effected muscle tissue 
iAUC60, ktrans and ve of the sinus-ROI start with a 
lower value before the surgery, but cross the muscle-
level later on reaching a considerable higher value 104 
days after the transplantation. Pixelmaps show 
increasing perfusion from the rim to the centre of the 
transplant with increasing time after the surgery 
(Fig.2). The right and left side of the sinus turn out to 
vary in size and progress. The MRI findings correlate 
to histological parameters (not shown). 
 
Conclusion 
It is possible to observe the transformation of the 
transplanted material with MRI. Especially DCE-MRI 
offers quantitative parameters to monitor the increasing vascularity of the new build bone tissue and is therefore a suitable, non-invasive, clinical tool 
for the repetitive evaluation of angiogenesis in biomaterials. 
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