
The following biostatistics were performed by a professional statisticians at the Institute for Medical Informatics and Biometry, University Hospital “Carl Gustav Carus”, Blasewitzer Str. 86, 01307 Dresden, Germany 

Data analysis

Statistical analysis was performed with a two sided t-test in order to analyse the occurrence of OC- and OP-positive cells in the different parts of the SNU with a level of significance of p≤ 0.05.

The two-sided Pearson correlation analysis was used to investigate the linear relationship with regard to age of SNU, and counted cell numbers. Correlation analysis was performed with Spearman’s rho coefficient with a significance level of p ≤ 0.05. The influence of smoking has been investigated with the Kruskal-Wallis test followed by the Mann-Whitney test with a level of significance of p ≤ 0.05. Statistical analysis was performed with the computer program SPSS (Version 11.5, Chicago, USA).
Results
Immunohistochemical findings

Table 1 gives an overview over the markers that could reliably and reproducibly be detected. Negative procedures without antibodies showed no staining. OP was immunolocalized within chondrocytes and ECM of the non-union, osteoclasts, osteoblasts, osteoid and osteocytes of the underlying bone as well as the hyaline cartilage. Cement lines of newly formed lamellar bone only stained positively for OP in 8 out of 36 cases (Table 1). OC showed immunoreactivity in cement lines, osteocytes, osteoblasts and hyaline cartilage (Table 1). Resorptive and fibrous bone cysts showed immunoreactivity for OP in most cases but not for OC (Table 1). Enzyme-histochemical staining against TRAP specifically stained osteoclasts and mononuclear precursors indicating bone resorption during the remodeling process (Fig. 2c). The macrophage marker CD 68 was detected in mononuclear and multinuclear macrophages or osteoclasts (Fig. 2d). Uninuclear and multinuclear osteoclasts stained positively for CD 68 in 32 out of 36 cases, whereas in only 8 out of 36 cases osteoclasts were stained positive for TRAP. 

Osteoid showed immunoreactivity for OP in 32 younger SNU (18.5 SD 17.9 months) with a range of age between 4 to 85 months, whereas there was no immunoreactivity for OP in 4 older SNUs (50.5 SD 62.7 months) with a range of age between 14 to 144 months. This was statistical significant (p=0.02; Table 1).

Cell counting and correlation analysis

Single results of the cell counting are presented in table 2. The number of multinuclear osteoclasts in the TRAP-staining correlated with the age of the SNU and was significantly higher in younger SNU (p=0.034; r=0.75; Fig. 4). All other correlations in regard to the age of the SNU showed no significant results. 
A higher number of OP-immunoreactive osteoblasts significantly correlated with a higher number of OC-immunoreactive osteoblasts (p=0.001; r=0.55; Fig. 5). Furthermore, a greater number of OP-immunoreactive osteoblasts correlated significantly with a higher number of OP-immunoreactive multinuclear osteoclasts (p=0.008; r=0.43; Fig. 6).
A mean of 285 (SD 181) fibroblasts were counted in the 36 investigated SNU in the H&E staining. A mean of 457 (SD 175) fibroblasts were counted in SNU (n=4) up to 6 months old. In contrast, a mean of 264 (SD 173) fibroblasts were measured in SNU (n=32) older than 6 months. This was a significant decrease of fibroblasts in SNU which are older than 6 months (p=0.04).
No significant differences have been observed between smokers and non-smokers for all investigated cell types.

Discussion

A recent study has shown that significant less bone remodeling takes place in older SNU with mean age of 45 months compared to a mean age of 18 months (Rein et al. 2009). However, these results were based on conventional H&E staining. Several bone-specific extracellular matrix proteins may be used to assess bone remodeling (Rammelt et al. 2007). OC is reportedly the most specific noncollagenous bone matrix protein, being expressed by osteoblasts and osteocytes ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
(Kato et al. 1997)
. In the present study, we demonstrate specific staining of osteoblasts, osteocytes, cement lines, hyaline cartilage and in some cases osteoid (n=13). OP is reportedly expressed by osteocytes, osteoblasts, and their precursors, osteoclasts, hypertrophic chondrocytes, and cement lines ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
(Ingram et al. 1993; Rammelt et al. 2007)
. We have seen specific staining of osteoblasts, osteoclasts, osteocytes, osteoid, chondrocytes, ECM of the non-union gap, and hyaline cartilage. OP interacts with osteoclasts, implicating it as a potentially important marker of bone resorption (Miyauchi et al. 1991). 
A greater number of OC-immunoreactive osteoblasts correlated significantly with a greater number of OP-immunoreactive osteoblasts. However, correlation analysis between the two markers showed no time-dependent significant differences. Furthermore, a higher number of OP-immunoreactive osteoblasts correlated significantly with a higher number of OP-immunoreactive multinuclear osteoclasts, indicating a higher bone remodeling in younger SNU. These findings confirm the theory that bone remodeling is a balance between bone formation and bone resorption in which osteoblasts exhibit two opposite phenotypes. There is the osteogenic phenotype, which secretes bone matrix at the bone resorption site, and the osteoclastogenic phenotype, which supports osteoclast differentiation in the old bone area (Nakahama 2010). 
A recent study has shown that cell viability and mineralization-positive colony forming units were significantly reduced in osteoblasts retrieved from non-union sites. This study identified a set of significantly down-regulated factors in those “non-union osteoblasts” that are involved in the regulation of osteoblast proliferation and differentiation ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
(Hofmann et al. 2008)
. This indicates that activity of osteoblasts in non-unions is altered, which could explain the lack of time-dependent changes in the OC- and OP-staining. However, another study could demonstrate, that OC-positive osteoblasts, which were taken from SNU, have shown osteogenic capability and could be stimulated by recombinant human bone morphogenetic protein-2 in vitro, resulting in significant increase in osteoblast differentiation and bone production (Qu and von Schroeder 2008). 

Number of osteoclasts decreased significantly in older SNU, which could be shown in the TRAP-staining, but not in the CD 68 IHC. This could be explained by the fact that CD 68 is not a specific osteoclast marker but rather a marker for several cells of the monocyte/ macrophage lineage. 
It is known, that nicotine has a dose dependent negative effect on bone healing, resulting in ischemia, diminished osteoblast function and decreased expression of bone morphogenetic protein ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
(Hollinger et al. 1999; Ma et al. 2008)
. However, in this study nicotine abuse had no influence on bone remodeling in SNU.
The high account of fibroblasts reflects a cell rich fibrous tissue in the non-union gap. We have seen a significant decrease of the count of fibroblasts in SNU older than 6 months. Our explanation is that the instability in the non-union gap seems to induce or provoke an activation of fibroblasts. For that reason, further research on this topic could be the investigation of proliferation with immunohistochemical staining, e. g. Ki 67.
Conclusion

A greater number of OP-immunoreactive osteoblasts significantly correlated with a greater number of OC-immunoreactive osteoblasts and OP-immunoreactive multinuclear osteoclasts. Multinuclear osteoclasts show a significant decrease in older SNU. Fibroblasts showed a significant decrease in SNU which are older than 6 months. These results indicate a decreased bone remodeling in older SNU. On the other hand, permanent remodeling indicates mechanical instability and imbalance. Therefore most of the immunohistological markers of bone remodeling do not correlate with the age of the SNU. Smoking had no influence on bone remodelling in SNU.
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