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Figure S1. Rheological characterization: determination of LVR. Strain sweep in the range 0.01–
100% with constant frequency at 1 Hz. 



 

 

 
Figure S2. Schematic representation of custom injectability experimental setup. 

Figure S3 reports the FT-IR of pristine cellulose, oxidized cellulose and TEMPO oxi-
dized cellulose nanofibers dispersed at pH 7. The occurrence of TEMPO oxidation is 
demonstrated by the peak at 1731 cm−1 which is present only on the TOCNFs spectra. This 
peak is associated with the C=O stretching vibration of the carboxylic acids and it in-
creases with the oxidation degree of the different TOCNFs [1]. Moreover, the spectra reg-
istered the characteristic cellulose peaks: at 1057 cm−1 corresponding to the vibration of 
C−O−C on the pyranose ring skeletal; at 1163 cm−1, related to C−O−C asymmetric bridge 
stretching of the β-glycosidic linkage; at 1203 cm−1 for C−O−H in-plane deformation; on 
the plateau are recognized three peaks corresponding to H−C−H wagging vibration (1317 
cm−1), C−H deformation vibration (1371 cm−1) and H−C−H and O−C−H in-plane defor-
mation (1425 cm−1); at 2904 cm−1 there is a peak assigned to C–H stretching. Finally, a peak 
corresponding to O–H bending at 1615 cm−1 and a large and broad absorption at 3200–
3700 cm−1 related to the O–H stretching vibrations are detected, indicating the level of 
water absorption. 
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Figure S3. FT-IR of pristine cellulose (black line), oxidized cellulose (red line), TOCNFs (blue line). 

In Figure S4 were reported the nanoparticles aspect and the FT-IR and XRD charac-
terization of CaP and CaPGO powders.The CaP FT-IR spectra was attributed, according 
with literature [2–4], as follow: the bands between 1030–1120 cm−1 to the asymmetrical 
stretching of PO43− while the peaks at 565 and 604 cm−1 to the bending mode of PO43−. The 
symmetric stretching modes of the phosphate group were responsible of signal at 962 cm−1 
and the band at 1638 cm−1 to the bending mode of O–H residues. The sharp peak at 820 
and 1380 cm−1 were attributed to nitrate groups (NO3−) resulting from synthesis residuals 
[5,6]. 

FT-IR analysis of the CaPGO composite shows no particular differences in composi-
tion from CaP. the band corresponding to C-O of the GO can possibly be observed at 1068 
cm-1 although it can be partly overlapped with the peaks of the phosphate groups, typical 
of the CaP spectra. Hydroxyl groups are observed at 1639 cm−1 (bending mode) as re-
ported previously in CaP spectra, while the typical band of carboxyl groups (1730cm−1) is 
absent, suggesting the interaction of CaP nanoparticles with functionalized surface 
groups of GO as stated by Lopes and co-worked [7]. 

Powder X-ray diffraction (XRD) patterns were reported in the 2θ range 0–60°. The 
crystalline phases were identified from a comparison of the registered patterns with the 
data provided by Profex software [8]. Analyzing the diffraction peaks of CaP, it is possible 
to identify several phases belonging to different calcium phosphates. In particular calcium 
hydrogen phosphate dihydrate (CaHPO4·2H2O), a precursor of hydroxyapatite, is de-
tected at 11.7° with a strong and sharp peak, indicating a high crystallinity [6]. The latter, 
also known as brushite (marked with “#” in Figure S2), is also visible at 2θ values of 17.9°, 
20.9°, 23.5°, 34.1° and 37.1°. The peaks at 13.1°, 26.5°, 30.2°, 30.5°, 31.1°, 32.6°, 36.1°, 40.1° 
and 49.3° match with calcium hydrogen phosphate, commonly called monetite (CaHPO4, 
marked with “@” in Figure S2). Whereas, 2θ values of 28.9°, 32.9°, 35.5°, 39.1°, 39.9°, 49.5°, 
53.2° were indexed to be hydroxyapatite (HA) (marked with “*” in Figure S2), although 
the observed peaks tended to be less intense than those reported in the literature [5,9]. 
Moreover, some characteristic peaks of stoichiometric HA, usually present at 31.8°, 32.2° 
and 46.7°, were not observed [5,9]. In general, HA samples demonstrated a characteristic 
diffraction pattern of low crystalline and/or nanometric hydroxyapatite and monetite 
phases, as indicated by the broad and poorly defined peaks [7]. 

The diffractogram of CaPGO also shows the presence of several phases (Figure S2 d). 
The typical peaks of brushite are not detected while intermediate phases are visible. These 
may be formed during the dehydration process of brushite that occurs as a result of freeze-
drying of the sample. The consequence is a predominance of monetite phase, already ob-
served in the XRD analysis of HA, and crystalline calcium pyrophosphate (Ca2P2O7, CPP, 
marked with “°” in Figure S2) [10]. From the literature the GO exhibits a strong and sharp 
peak located at 2θ 11.4°, anyway this characteristic signal is not observed in the HAGO 
composite, which may be due to the lower GO content in the composite [9].  



 

 

 
Figure S4 (a) Nanoparticles aspect, (b) FT-IR of CaP (red line) and CaPGO (green line) nanoparticles, (c) XRD diffracto-
gram of CaP nanoparticles (d) XRD diffractogram of CaPGO nanoparticles. 



 

 

 
Figure S5. (a) TG-DTA curves of (a) TOCNFs, (b) TOCNFs_CaP, (c) TOCNFs-CaPGO. 

 
Figure S6. SEM images of TOCNFs_CaP after mineralization (28 d) and washing step. 



 

 

 
Figure S7. SEM images of TOCNFs_CaPGO after mineralization (28 d) and washing step. 
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