
For static histomorphometry, the following values were determined in 25 fields in the immediate 

vicinity of the injection channel or the central remote area of each individual vertebral body using a 

standard microscope (Axiovert 200 M, Carl Zeiss Microimaging GmbH, Oberkochen, Germany), 400-

fold magnification, and a Merz counting reticule (Supplementary Fig. S1; [1, 2]): 

The following values were determined: 

F = Number of measuring fields 

P = Number of hits (points) over mineralized bone and osteoid 

I = Total intersection number of the wave lines with the trabecular bone surface 

IOB = Intersections of the wave lines contacting osteoid with osteoblasts  

IIO = Intersections of the wave lines contacting osteoid without osteoblasts 

d = distance between 2 adjacent points in the counting net 

 

Supplementary Figure S1. Merz counting reticule with 36 hits (inflection points of the sinus curves) 

used for static histomorphometry. 

  



The six parameters calculated below correspond to the recommendations of the International 

Committee of the American Society for Bone and Mineral Research (ASBMR) [3-5]:  

Bone Volume (BV/TV): mineralized and non-mineralized fraction of the bone (includes the entire 

bone with cavities and appendix tissue) 

BV/TV = P × 100 / (F × 36) [%] (1) 

Trabecular thickness (Tb.Th): average absolute thickness of the trabeculae 

Tb.Th = 2 × P × d / I  [µm] (2) 

Cortical thickness (Ct.Th): average absolute thickness of the corticalis in the area of interest (ventral 

and lateral right corticalis of the vertebrae)                    [µm]     (3) 

Osteoblast surface (Ob.S/BS): surface proportion of the osteoblast-covered osteoid related to the total 

trabecular bone surface 

Obs./BS = IOB  × 100 / I  [%] (4) 

Osteoid surface (OS/BS): non-mineralized surface fraction related to the total bone surface 

independent of the osteoblast coverage 

OS/BS =  (IOB + IIO) × 100 / I  [%] (5) 

Eroded Surface (ES/BS): surface proportion of resorption lacunae related to the total trabecular bone  

surface independent of the osteoclast coverage 

ES/BS = (IHO + IHE) × 100 / I  [%]  (6) 

Dynamic histomorphometric measurements (n=38 sheep) were performed by examining 10 randomly 

selected visual fields in the immediate vicinity of the injection channel in every sample with respect to  

OTC-single or double lines. The total bone surface (BS) and the mineralized fraction of the BS labeled  

with single or double line OTC were determined (MS) and the results expressed as the mineralized  

fraction (%; see below). In addition, the average distance between OTC double lines was determined  



over their total length (Ir.L.TH = Interlabel thickness) and divided by the number of days between the  

subsequent injections of OTC (Ir.l.t. = Interlabel time; see below). The fluorescence values in the 

control vertebrae L3 were individually normalized to 1.0 (100%) and the results for L4 (BMP-coated 

HA-particles) and L5 (HA-particles) then expressed as fold-increase versus L3. 

 

Mineralizing surface per bone surface (MS/BS):  

 MS/BS = (dLs + sLs/2)/BS x 100 [%] double labels (dLs) + ½ single labels (sLs) 

Mineral apposition rate (MAR):  

 MAR = Ir.L.TH/Ir.l.t.   [µm/d]  Interlabel thickness/Interlabel time 

Bone formation rate (BFR): 

 BFR = MS/BS x MAR   [µm/d] 
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