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Abstract. Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ) is a pathologi-
cal condition observed in patients underwent oral surgical procedures during bispho-
sphonates treatment. Although several studies have focused on the BRONJ, the exact 
pathophysiological pathways remain still unclear. In this study we aimed to observe 
the eff ects of the low-dose bisphosphonates administration on mandibular bone of rats 
with and without mini-implants application. For this study we used 28 male Wistar 
rats, divided in in two groups: 1) control group, treated with saline solution (n = 14 
rats); 2) ZA group, treated with low dose zoledronic acid (n=14 rats). Aft er 6 weeks of 
treatment, the half of each group underwent mini-implant application. All rats were 
sacrifi ced and their mandibles were analyzed by light microscopy and scanning elec-
tron microscopy (SEM). Our data have shown a healthy bone tissue of control group 
both with and without mini-implant application. In the treated group empty osteocyte 
lacunae have been observed and they slightly increase in rats with mini-implant appli-
cation. Although that, no bone exposition has been observed. By that, during low dose 
zoledronic acid treatment we can observe the presence of empty osteocytes lacunae, 
also called “primary lesion”, that not seem to be suffi  cient alone to determine osteone-
crosis of the jaw spontaneously or even aft er mini-implant application.

Keywords: mandibular bone, osteonecrosis, bisphosphonate, mini-implant, osteocytes 
lacunae.

1. INTRODUCTION

Bisphosphonates (BPs) is a category of drugs that are widely used in vari-
ous pathological conditions such as hypercalcemia associated with malig-
nancy, Paget’s disease, Gorham-Stout syndrome, lytic bone metastasis, breast 
cancer and for treating osteoporosis [1-9]. Th is category of drugs plays a role 
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in regulating bone cells behavior acting directly on bone 
remodeling. On the basis of their chemical properties 
are divided into two groups: no nitrogen-containing 
and nitrogen-containing BPs [10-13]. The non-nitrogen 
group, such as etidronate and clodronate, is mainly used 
for metabolic disorders. The nitrogen-containing BPs, 
such as zoledronate (ZA) and pamidronate, are the gold 
standard for neoplastic bone diseases [14]. 

Although the use of BPs determines positive effects 
in various pathological conditions, their use could be 
associated to high risk of jaw or maxillary bone necro-
sis; more often it could involve in osteonecrosis of the 
jaw (ONJ). The ONJ in a very low percentage of cases 
could occur spontaneously while in the most cases it is 
triggered by certain factors such as the use of zoledronic 
acid [15], the cumulative dose of bisphosphonates, den-
toalveolar surgery [16-19] or trauma [20]. According to 
Advisory Task Force on Bisphosphonate-Related Oste-
onecrosis of the Jaws (BRONJ), osteonecrosis is com-
monly described as exposed jaw bone condition with-
out heal within 8 weeks after identification in patients 
undergoing treatment with BPs and without irradiation 
therapy to the craniofacial region [21].

Despite the BRONJ is a severe condition, especially 
in cancer patients, the exact pathophysiological mecha-
nisms are still unknown; for these reasons, it is neces-
sary to understand what the mechanisms are underlying 
the BRONJ to choose the best preventions and /or cura-
tion therapy. 

The most discussed hypothesis about the pathophys-
iological mechanisms of the BRONJ during BPs treat-
ment considers severe the suppression of bone turnover 
that in turn lead to necrotic bone, depending on the 
drug type, dosage and other trigger events as trauma 
application [22-28]. Our previous studies performed on 
animal model have shown that in rats treated with low 
dose bisphosphonates (zoledronic acid), the first signs 
that could lead to bone death, such as empty osteocytes 
lacunae, appear only after 30 days of treatment and we 
did not observe spontaneous bone exposure [28,29]. 
For this reason, we have hypothesized that the pres-
ence of empty lacunae may be a predisposing condition 
to the death of the bone just in case of a trauma appli-
cation. On this basis, we have repeated the experiment 
on animal model to observe the low-dose bisphospho-
nates effects on bone in which a mini-implant has been 
inserted, comparing it to rats treated with BPs without 
dental implants, to understand if the presence of empty 
osteocytes lacune during low dose zoledronate treatment 
could represent an accelerator of necrotic lesion in case 
of trauma application.

2. MATERIALS AND METHODS

2.1. Animals and inoculation

In our experiment we used 28 male Wistar rats (each 
weighing 250g. And aged 7 weeks) coming from Janvier 
Labs (Saint Berhevin, France). All the rats were placed 
in individual cages, where they had food and water ad 
libitum for the duration of the experimental phase. The 
protocol required the rats to be kept at a constant tem-
perature (22 °), under a 12-h light /dark cycle. The pro-
tocol complied with the guidelines of the European Par-
liament and of the Council on the protection of animals 
used for scientific purposes, ARRIVE (Animal Research: 
Reporting of In Vivo Experiments) [30] and Directive 
2010/63 / EU. The protocols have been authorized by 
the Ethics Committee of the University of Messina. Two 
groups of rats have been tested: 1) control group, treat-
ed with saline solution injection, (n = 14); 2) ZA group 
treated with zoledronic acid (ZA), (n = 14). The ZA group 
was treated with 0.1 mg / kg zoledronate via intraperi-
toneal injection, three times a week for 6 weeks, while 
the control group have been treated with saline solution. 
The methods and timing of the experimental phase fol-
lowed the designs of previous studies [29]. After a week 
from the end of BP and saline solution treatment, 7 rats 
for each group underwent to mini-implants applica-
tion in two sides of mandible by a surgical protocol that 
will be described below while the other 7 rats for each 
group didn’t undergo to mini-implant application. After 
4 weeks from the surgical positioning procedure, all rats 
(with and without mini-implant) were euthanized under 
general anesthesia and were perfused with 4% paraform-
aldehyde (Sigma-Aldrich) and each mandible has been 
divided into two parts, one part direct for histological 
analyses and the second part for SEM [31-34]. 

2.2. Mini-implant Positioning Technique

The placement of the mini-implants was performed 
on the rat under intraperitoneal general anesthesia 
(Ketamine 100 mg/kg, Atropine 0.4 mg/kg, Diazepam 
8 mg/kg) simulating the surgical procedures applied 
for human. A mucosa anesthesia was performed in the 
posterior mandibular region using as local anesthetics 
articaine with adrenaline diluted at 2%. The inoculums 
were performed in the periosteal region using an insu-
lin syringe with a 30gauge needle. A mucotomy was per-
formed using a blade 11, the bone was mixed at a speed 
of 1100 rpm using a 1.2 mm diameter drill bit, titanium 
mini-implant (1.5-mm diameter and 3-mm length) was 
positioned manually using a dedicated screwdriver.
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2.3. Histological preparation

Bone samples were post-fixed with 4% paraformal-
dehyde (Sigma-Aldrich) at room temperature for 4 hours 
and then rinsed in 13 M phosphate buffer (pH 7.3); sub-
sequently, they have been decalcified in ethylenediami-
netetraacetic acid (pH 7.2; Hach Company, Loveland, 
CO, USA) for 30 days, dehydrated in ethanol (from 50% 
to 100% alcohol) and embedded in paraffin. Paraffin 
block were cut in 8 um sections with the Leica RM2255 
microtome (Leica Microsystems GmbH). After coating 
the sections into lysinated slides, hematoxylin and eosin 
staining has been performed at room temperature (H&E; 
Abbey Color, Philadelphia, PA, USA) [35-38].

2.4. SEM analysis

Bone samples were post-fixed with 2% glutaralde-
hyde (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
in 0.1 M phosphate buffer (Sigma-Aldrich) and then they 
were dehydrated with ethanol and amyl acetate. After 
critical point dryer process (Leica Microsystems GmbH, 
Wetzlar, Germany), the fractured surfaces were coated 
with a Plasma Sciences CrC-100 Turbo-Pumped sputter-
ing system and observed using a Phenom G2 Pro scan-
ning electron microscope (Phenom-World B.V., Eind-
hoven, The Netherlands).

2.5. Statistical analysis 

We have observed 100 lacunae for ZA group and 
100 for ZA group with mini-implant. We observed 10 
lacunae taken from 10 random microscopic fields at 
20x magnification and we counted how many empty 
lacunae there were using ImageJ software. After that, 
we calculated the mean of empty osteocytes lacunae for 
ZA-group and ZA- group with mini-implant application. 
The means were compared by T-student test to evalu-
ated the possible statistically significant differences. The 
means were also turned in a percentage shown in a pie-
chart. 

3. RESULTS

3.1. H&E staining

The mandibular bones of control group (saline 
solution injections) showed the characteristics of the 
healthy bone. This compact bone was characterized by 
the presence of full osteocytes lacunae with osteocytes 
that occupy the entire space within the lacunae and full 
haversian and Volkman’s canals (Fig. 1A). The man-
dibular bone of control group (saline solution injection) 
after mini-implant applications shows a healthy bone 
tissue with full lacunae and canals with the same char-
acteristics of the bone of control group without mini-

Figure 1. Hematoxylin-eosin staining of bone tissue from rats treated with saline solution (control group) without (A) and with mini-
implant application(B). In both cases it is possible to observe a healthy tissue with full osteocytes lacunae and osteocytes that occupy most 
of the space within the lacunae. No empty osteocyte lacunae and no signs of inflammation have been observed.
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implant application; no evidence of inflammatory pro-
cesses has been observed indicating a total recovery of 
structural features after 4 weeks of trauma application 
(Fig. 1B).

In the mandibular bones of rats at 6 weeks of treat-
ment (ZA group), some empty osteocytes lacunae were 
observed among full osteocytes lacunae where the oste-
ocytes don’t occupy the entire space within the lacunae 
(Fig. 2A). 

The ZA group with mini-implants, inserted into the 
mandibular bone cortex, exhibited a slight increase of 
empty osteocytes lacunae among full osteocytes lacunae 
where the osteocytes don’t occupy the entire space with-
in the lacunae (Fig. 2B).

3.2. SEM Images

In biopsies of the mandibular bones of control 
group, the observation of the fracture surface showed 
the physiological presence of osteocytes lacunae, Haver-
sian systems and Volkmann canals (Fig. 3A). 

The bone of control group after mini-implant appli-
cation showed a full recovered tissue with full lacunae 
and canals and no evidence of inflammatory processes 
(Fig. 3B).

In rats group treated with BPs for 6 weeks (ZA 
group), the fracture surface of biopsy bone fragments 
frequently showed areas with irregularly spherical or 
elongated morphology. Moreover, empty osteocytes lacu-
nae were detected (Fig. 4A).

In ZA group with implants placement, an alteration 
of the morphological structure is visible and empty osteo-
cytes lacunae increased, compared to the mandibular bone 
of ZA group without mini-implants insertion (Fig. 4B).

3.3. Statistical analysis

Results shows that for every 10 osteocytes lacunae 
observed we find a mean of 2 and 2,6 of empty osteo-
cytes lacunae, for ZA group and ZA group with mini-
implant respectively. The T-student test showed a no sta-
tistically significant differences between the ZA without 

Figure 2. Hematoxylin-eosin staining of bone tissues from rats treated for 6 weeks with zoledronate (0,1 mg/Kg) (ZA group) without (A) 
and with (B) mini-implant application. The bone of rats without mini-implant application shows the presence of some empty osteocytes 
lacunae (A, head arrow); in several region of the bone tissue the osteocytes seem to be small and they don’t occupy the entire space within 
the lacunae (A). The bone of rats with mini-implant application shows an increased number of empty osteocytes lacune (B, head arrow). 
Zoom of empty osteocytes lacunae in the corners of A and B pictures.
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Figure 3. Scanning electron microscopy pictures of bone tissue from rats treated with saline solution (control group) without (A) and with 
mini-implant application(B). In both cases it is possible to observe a healthy tissue with full osteocytes lacunae and osteocytes that occupy 
most of the space within the lacunae. No empty osteocyte lacunae and no signs of infl ammation have been observed.

Figure 4. Scanning electron microscopy pictures of bone tissues from rats treated with zoledronate (0,1 mg/Kg) (ZA group) without (A) 
and with (B) mini-implant application. Th e bone of rats without mini-implant application shows the presence of some empty osteocytes 
lacunae (head arrow) (A). Th e bone of rats with mini-implant application shows an increased number of empty osteocytes lacune as evi-
denced by head arrow (B). Zoom of empty osteocytes lacunae in the corners of A and B pictures.
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and ZA with mini-implant application groups. We have 
turned the means in a percentage shown in a pie-chart 
(Fig. 5). 

4. DISCUSSION 

BRONJ is a severe condition that could occur in 
patients treated with bisphosphonates spontaneously 
or after trigger events; in fact, tooth extractions and 
dentoalveolar surgical procedures, such as position-
ing of dental implants, are represented as precipitat-
ing or trigger events for the manifestation of BRONJ in 
subjects receiving BPs and other antiresorptive drugs 
[39]. Although several studies have been performed on 
this severe condition, the etiopathology of BRONJ still 
remains undefined. BPs are known to have an inhibi-
tory action on bone turnover after surgical procedures 
[40]. In literature, it was observed that the incidence 
of BRONJ depends on several factors (the method of 
administration, the BPs, dose, etc.). Other factors as per-
iodontal diseases and local infection are closely linked to 
BRONJ [41]. Several authors have observed that the cases 

of BRONJ increase in patients whose route of admin-
istration is intravenous and oral. [42-43]. A study by 
Henry et al. [44] has shown how the duration of treat-
ment with BPs can lead to an adverse event. Despite 
that, it is difficult to detect early structural alteration 
that could lead to necrosis in human. For these reasons, 
the use of an experimental model seems to be neces-
sary to better understand the structural and molecular 
mechanism involved in BRONJ. Our previous studies, 
conducted on bone and gingival tissue samples taken 
surgically in the perilesional area, showed an altera-
tion of the structural architecture, with the presence of 
empty lacunae, absence of matrix and disorganization 
of the fibrillar component. Our results confirm the pres-
ence of empty osteocyte lacunae in samples treated with 
bisphosphonates without mini-implant, and show that 
in the samples with mini-implant, the number of empty 
osteocyte lacunae increases slightly [27,28]. The present 
study has been performed on animal model to evaluate 
the modification that occur during zoledronic acid treat-
ment with and without the application of trauma such as 
mini-implant insertion. For this reason, we studied two 
groups of rats: control group, treated with saline solu-
tion and ZA group, treated with zoledronic acid; the half 
of each group underwent mini-implant application. Our 
results obtained by Histological and SEM examinations 
showed that the saline solution injection doesn’t causes 
structural alteration of bone tissue both with and with-
out mini-implant applications. In ZA group, bone tissue 
structural alterations characterized by the presence of 
empty osteocyte lacunae have been observed. Moreo-
ver, we haven’t observed a statistically significant dif-
ference in empty osteocytes lacunae between ZA group 
without and ZA group with mini-implant. No cases of 
bone exposure have been observed. These results are in 
accordance with our previous study performed on rats 

Figure 5. Table that shows the means of empty osteocytes lacunae 
that we found in 10 microscopic fields both for ZA group without 
mini-implant application and ZA group with mini-implant applica-
tion. M= mean; DS= standard deviation. P>0,05.

Figure 6. Pie chart showing the percentage of empty and full osteocytes lacunae in bone tissue from rats treated with BPs (ZA group) with-
out (A) and with (B) mini-implant application.
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treated with Zoledronate for 45 days without trauma 
application [29] demonstrating that the mandibular 
bone at 7 and 15 days of treatment exhibited similar 
features to those of healthy bone while after 30 and 45 
days of treatment a structural alteration in large surface 
areas of the bone with empty osteocytes lacunae and 
a marked reduction in the number of osteoblasts and 
osteoclasts were observed with no cases of bone exposi-
tion. Moreover, the present data are also in accordance 
with Huja et al. [45] that administered a ZA dose of 0.1 
mg/kg intraperitoneally without performing extractions 
and obtained 0% of osteonecrotic lesions and Kobayashi 
et al. [46] which showed no signs of osteonecrosis (0%) 
in the jaw bones of experimental animals treated with a 
ZA dose of 0.250 mg/kg for subcutaneous administra-
tion and with extractions. Conversely, Senel et al. [47] 
detected 20% of ONJ lesions with the same dosage of ZA 
but in combination with dental extractions and Biasotto 
et al. [48] showed 100% of ONJ lesions at a ZA dose of 
0.04 mg/Kg for intravenous administration; Maahs et al 
[49] found 80% of osteonecrotic lesions at a ZA dose of 
0.6 mg/kg for intraperitoneal administration. The pre-
sent work shows at morphological level the early bone 
structural modification, such as empty osteocytes lacu-
nae, that could be involved in BRONJ. Although that, 
our data support that the existence of these histological 
features during low dose zoledronic acid treatment is not 
sufficient to determine osteonecrosis of the jaw sponta-
neously or even after mini-implant application. By that, 
the presence of empty osteocytes lacunae could repre-
sent the first morphological events, also called “primary 
lesion” from which, together with other trigger events 
and/or individual variables, osteonecrosis can occur. It 
will be interesting to perform future studies to under-
stand how the “primary lesion” can evolve during high 
dose zoledronic acid treatment.

5. CONCLUSION

Our experimental data obtained by low dose zole-
dronic acid treatment on rat show “primary lesions” 
that not lead to osteonecrosis spontaneously or after 
mini-implant application. Hence, BRONJ should not 
only be related to a unique factor, but the combination 
of more factors and more variables would make patients 
more susceptible to BRONJ. In fact, the bone necrosis 
and exposure could also depend on long term BP treat-
ment, individual variables or on concomitant oral cavity 
pathology. That seem to support the possibility of oral 
surgical intervention in those patients treated with low 
doses of zoledronic acid.

REFERENCES

1. Fujimoto, N., Nakagawa, K., Seichi, A., Terahara, 
A., Tago, M., Aoki, Y., Hosoi, Y., Ohtomo, K., 2001. 
A new bisphosphonate treatment option for giant 
cell tumors, Oncol. Rep. 8 (3) 643–647. 10.3892/
or.8.3.643

2. Hammer, F., Kenn, W., Wesselmann, U., Hofbauer, 
L.C., Delling, G., Allolio, B., Arlt, W., 2005. Gorham-
Stout disease - Stabilization during bisphospho-
nate treatment, J. Bone Miner. Res. 20 (2)  350–353. 
10.1359/JBMR.041113

3. Wells, G.A., Cranney, A., Peterson, J., Boucher, M., 
Shea, B., Robinson, V., Coyle, D., Tugwell, P., 2008. 
Etidronate for the primary and secondary preven-
tion of osteoporotic fractures in postmenopausal 
women, Cochrane Database Syst. Rev. (1) CD003376. 
10.1002/14651858.CD003376.pub3

4. Zara, S., De Colli, M., Di Giacomo, V., Zizzari, V.L., 
Di Nisio, C., Di Tore, U., Salini, V., Gallorini, M., 
Tetè, S., Cataldi, A., 2015.  Zoledronic acid at sub-
toxic dose extends osteoblastic stage span of primary 
human osteoblasts, Clin. Oral Investig. 19 (3) 601–
611. 10.1007/s00784-014-1280-8

5. Manzano-Moreno, F.J., Ramos-Torrecillas, J., De 
Luna-Bertos, E., Ruiz, C., García-Martínez, O., 2015.  
High doses of bisphosphonates reduce osteoblast-
like cell proliferation by arresting the cell cycle and 
inducing apoptosis, J. Craniomaxillofac. Surg. 43 (3) 
396–401. 10.1016/j.jcms.2014.12.008

6. Kim, M.K., Hong, J.R., Kim, S.G., Lee, S.K., 2015. 
Fatal progression of Gorham disease: a case report 
and review of the literature, J. Oral Maxillofac. Surg. 
73 (12)  2352–2360. 10.1016/j.joms.2015.06.154

7. Fleisch, H., 2002. Development of bisphosphonates.  
Breast Cancer Res., 4(1):30-4. 10.1186/bcr414

8. Watts, N.B., Diab, D.L., 2010. Long-term use of bis-
phosphonates in osteoporosis. J Clin Endocrinol. 
Metab. 95(4):1555-65. 10.1210/jc.2009-1947

9. Mhaskar, R., Kumar, A., Miladinovic, B., Djulbego-
vic, B., 2017. Bisphosphonates in multiple myeloma: 
an updated network meta-analysis. Cochrane Data-
base Syst Rev., 12(12):CD003188. 10.1002/14651858.
CD003188.pub4

10. Smith,M.R., 2003. Antitumor activity of bisphospho-
nates. Clin Cancer Res. ;9(15):5433-4

11. Bukowski, J.F., Dascher, C., Das, H., 2005. Alternative 
bisphosphonate targets and mechanisms of action. 
Biophys Res Commun. ;328(3):746-50. 10.1016/j.
bbrc.2004.11.075

12. Maffia, F., Vellone, V., De Quarto, C., Runci Ana-
stasi, M., Cascone, P., 2019. Synovial chondromatosis 



42 Antonio Centofanti et al.

of the temporomandibular joint with glenoid fossa 
erosion: Disk preservation for spontaneous anatomi-
cal recovery. J Craniomaxillofac Surg. , 47(12),1898-
1902. 10.1016/j.jcms.2019.10.005

13. Rodan, G.A., 1997. Alendronate: preclinical studies. J 
Clin Rheumatol. ;3(2 Suppl):34-6

14. Anesi, A., Generali, L., Sandoni, L., Pozzi, S., Grande, 
A., 2019. From Osteoclast Differentiation to Osteone-
crosis of the Jaw: Molecular and Clinical Insights. Int 
J Mol Sci., 20(19):4925. 10.3390/ijms20194925

15. Dimopoulos, M.A., Kastritis, E., Anagnostopoulos, 
A., Melakopoulos, I., Gika, D., Moulopoulos, L.A., 
Bamia, C., Terpos, E., Tsionos, K., Bamias, A., 2016. 
Osteonecrosis of the jaw in patients with multiple 
myeloma treated with bisphosphonates: evidence of 
increased risk after treatment with zoledronic acid. 
Hematologica, 91(7):968-71

16. Sher, J., Kirkham-Ali, K., Luo, J.D.,    Miller, C.,  Shar-
ma, D., 2021. Dental Implant Placement in Patients 
with a History of Medications Related to Osteonecro-
sis of the Jaws: A Systematic Review.   J Oral Implan-
tol, 47(3):249-268. 10.1563/aaid-joi-D-19-00351

17. Cuozzo, A.,  Iorio-Siciliano, V.,  Vaia, E.,  Mauri-
ello,  L., Blasi, A.,  Ramaglia, L., 2022. Incidence and 
risk factors associated to Medication-Related Osteo 
Necrosis of the Jaw (MRONJ) in patients with osteo-
porosis after tooth extractions. A 12-months obser-
vational cohort study. J Stomatol Oral Maxillofac 
Surg 2022 , S2468-7855(22)00086-6. 10.1016/j.jor-
mas.2022.03.020

18. Picciolo, G., Mannino, F., Irrera, N., Minutoli, L., 
Altavilla, D., Vaccaro, M., Oteri, G., Squadrito, F., 
Pallio, G., 2022. Reduction of oxidative stress blunts 
the NLRP3 inflammatory cascade in LPS stimulated 
human gingival fibroblasts and oral mucosal epi-
thelial cells. Biomed Pharmacother. , 146:112525. 
10.1016/j.biopha.2021.112525

19. Picciolo, G., Mannino, F., Irrera, N., Altavilla, D., 
Minutoli, L., Vaccaro, M., Squadrito, V., Picciolo, G., 
Squadrito, F., Pallio, G., 2021. PDRN, a natural bio-
active compound, blunts inflammation and positively 
reprograms healing genes in an “in vitro” model of 
oral mucositis. Biomed Pharmacother. , 138, 111538. 
10.1016/j.biopha.2021.111538

20. Ruggiero, S.L., 2008. Bisphosphonate-related oste-
onecrosis of the jaws. Compend Contin Educ Dent., 
29(2):96-8, 100-2, 104-5.

21. Advisory Task Force on Bisphosphonate-Related 
Osteonecrosis of the Jaws, American Association of 
Oral and Maxillofacial Surgeons, American Asso-
ciation of Oral and Maxillofacial Surgeons position 
paper on bisphosphonate-related osteonecrosis of the 

jaws, J. Oral Maxillofac. Surg. 65 (3) (2007) 369–376. 
10.1016/j.joms.2006.11.003

22. Khan. A.A., Morrison, A., Hanley, D.A., Felsenberg, 
D., McCauley, L.K., O’Ryan, F., Reid I.R., Ruggiero, 
S.L., Taguchi, A., Tetradis, S., Watts, N.B., Brandi, 
M.L., Peters, E., Guise, T., Eastell, R., Cheung, A.M., 
Morin, S.N., Masri, B., Cooper, C., Morgan, S.L., 
Obermayer-Pietsch, B., Langdahl, B.L., Al Dabagh, 
R., Davison, K.S., Kendler, D.L., Sándor, G.K., Josse, 
R.G., Bhandari, M., El Rabbany, M., Pierroz, D., 
Sulimani, R., Saunders, D.P., Brown, J.P., Compston, 
J., 2015. Diagnosis and management of osteonecro-
sis of the jaw: a systematic review and international 
consensus. J Bone Miner Res., 30(1):3-23. 10.1002/
jbmr.2405

23. Fliefel, R., Tröltzsch, M., Kühnisch, J., Ehrenfeld, M., 
Otto, S., 2015. Treatment strategies and outcomes 
of bisphosphonate-related osteonecrosis of the jaw 
(BRONJ) with characterization of patients: a system-
atic review. Int J Oral Maxillofac Surg., 44(5):568-85. 
10.1016/j.ijom.2015.01.026

24. Kawahara, M., Kuroshima, S., Sawase, T., 2021.  Clini-
cal considerations for medication-related osteonecrosis 
of the jaw: a comprehensive literature review. Inter J 
Implant Dent. 14;7(1):47. 10.1186/s40729-021-00323-0

25. Jacobsen, C., Metzler, P., Rössle, M., Obwegeser, J., 
Zemann, W., Grätz, K.W., 2013. Osteopathology 
induced by bisphosphonates and dental implants: 
clinical observations, Clin. Oral Investig. , 17 (1), 
167–175. 10.1007/s00784-012-0708-2

26. Pichardo, S., Van der Hee, J.G.,  Fiocco, M.,    Appel-
man-Dijkstra, N.M.,   van Merkesteyn, J.P.R., 
2020.   Dental implants as risk factors for patients 
with medication-related osteonecrosis of the jaws 
(MRONJ).   Bra J Oral Maxillofac Surg., 58(7):771-
776. 10.1016/j.bjoms.2020.03.022

27. Nastro Siniscalchi, E., Cutroneo, G., Catalfamo, L., 
Santoro, G., Allegra, A., Oteri, G.,  Cicciù, D., Alonci, 
A., Penna, G., Musolino, C., De Ponte, F.S., Anastasi, 
G., Favaloro, A., 2010. Immunohistochemial evalua-
tion of sarcoglycans and integrins in gingival epithe-
lium of multiple myeloma patients with bisphospho-
nate-induced osteonecrosis of the jaw, Oncol. Rep. 24 
(1) 129–134.  10.3892/or_00000837

28. De Ponte, F.S., Favaloro, A., Siniscalchi, E.N., Centof-
anti, A., Runci, M., Cutroneo, G.,Catalfamo, L., 2013. 
Sarcoglycans and integrins in bisphosphonate treat-
ment: Immunohistochemical and scanning electron 
microscopy study, Oncol. Rep. 30 (6) 2639–2646. 
10.3892/or.2013.2766

29. De Ponte, F.S., Catalfamo, L., Micali, G., Runci, M., 
Cutroneo, G., Vermiglio, G., Centofanti, A., Rizzo, 



43Effects of low dose bisphosphonates treatment on the mandibular bone in rats

G., 2016. Effect of bisphosphonates on the man-
dibular bone and gingival epithelium of rats without 
tooth extraction, Exp. Ther. Med. , 11 (5), 1678–1684. 
10.3892/etm.2016.3168

30. Kilkenny, C., Browne, W.J., Cuthill, I.C., Emer-
son, M., Altman, D.G., 2010. Improving Biosci-
ence Research Reporting: The ARRIVE Guidelines 
for Reporting Animal Research, PLoS Biol. , 8 (6), 
e1000412. 10.4103/0976-500X.72351

31. Arco, A., Favaloro, A., Gioffrè, M., Santoro, G., Spe-
ciale, F., Vermiglio, G., Cutroneo, G., 2012. Sarco-
glycans in the normal and pathological breast tissue 
of humans: an immunohistochemical and molecu-
lar study, Cells Tissues Organs 195 (6) 550–562. 
10.1159/000329508

32. Vermiglio, G., Centofanti, A., Ramieri G., Tepedino, 
M., Anastasi Runci, M., Micali, A., Arco, A., Pian-
cino, M. G. Immunofluorescence evaluation of Myf5 
and MyoD in masseter muscle of unilateral posteri-
or crossbite patients. JFMK 2020 Volume 5, Issue 47 
November Article number jfmk5040080

33. Lo Giudice R., Rizzo G., Centofanti A., Favaloro A., 
Rizzo D., Cervino G., Squeri R., Costa B.G., La Fauci 
V., Lo Giudice G. Steam Sterilization of Equine Bone 
Block: Morphological and Collagen Analysis. 2018 
BioMed Res.Int. Volume 20182018  Article num-
ber 9853765.

34. Rosa, M.A.,Gugliandolo, P., Favaloro, A., Vermiglio, 
G., Centofanti, A., Bruschetta, D., Rizzo, G., 2015. 
Morpho-structural alterations of sub-chondral bone 
tissue in patients with osteoarthritis: A scanning elec-
tron microscopy study, Ital. J. Anat. Embryol. 2015, 
120, 71–81. 

35. Vermiglio, G, Piancino, M.G., Runci Anastasi, M., 
Picciolo, G., Centofanti, A., Santoro, G., Malandrino, 
M.C., Cutroneo, G., Anastasi, G., 2021. Use of immu-
nofluorescence technique to perform a quantitative 
analysis of masseter mucle fibers in unilateral poste-
rior crossbite. Appl. Sci., 11 (12), 5350.

36. Runci Anastasi, M., Centofanti, A., Arco, A., Ver-
miglio, G., Nicita, F., Santoro, G., Cascone, P., Ana-
stasi, G., Rizzo, G., Cutroneo, G., 2020. Histological 
and Immunofluorescence Study on Discal Ligaments 
in Human Temporomandibular Joint, J. Funct. Mor-
phol. Kinesiol., 5 (4), 90. 10.3390/jfmk5040090 

37. Puleio, F., Rizzo, G., Nicita, F., Giudice, F., Tamà, 
C., Marenzi, G., Centofanti, A., Raffaele, M., San-
tonocito, D., Risitano, G. Chemical and mechanical 
roughening treatments of a supra-nano composite 
resin surface: SEM and topographic analysis. 2020 
Appl. Sci (Switz.) Volume 10, Issue 131, Article num-
ber 4457

38. De Ponte, F.S.,    Falzea, R.,    Runci, M.,    Nastro Sinis-
calchi, E.,    Lauritano, F.,   Bramanti, E.,    Cervino, 
G.,  Cicciu, M., 2017.   Histomorhological and clinical 
evaluation of maxillary alveolar ridge reconstruction 
after craniofacial trauma by applying combination of 
allogeneic and autogenous bone graft. Chin. J. Trau-
matol., 20(1),14-17. 10.1016/j.cjtee.2016.10.005

39. Otto, S., Pautke, C., Van den Wyngaert, T., Niepel, D., 
Schiødt, M., 2018. Medication-related osteonecrosis 
of the jaw: Prevention, diagnosis and management in 
patients with cancer and bone metastase. Cancer Treat 
Rev., 69:177-187. 10.1016/j.ctrv.2018.06.007

40. Ruggiero, S.L., Dodson, T.B., Fantasia, J., Joodday, R., 
Aghaloo, T., Mehrotra, B., O’Ryan, F., 2014. Ameri-
can Association of Oral and Maxillofacial Surgeons, 
American Association of Oral and Maxillofacial Sur-
geons position paper on medication-related osteone-
crosis of the jaw-2014 update. J. Oral. Maxillofac. 
Surg., 72 (10), 1938-1956. 10.1016/j.joms.2014.04.031

41. Li, C.L., Seneviratne, C.J., Huoa, L., Lu, W., Zheng, 
L.W., 2015. Impact of Actinomyces naeslundii on 
bisphosphonate-related osteonecrosis of the jaws in 
ovariectomized rats with periodontitis, J. Cranio-
maxillofacial Surg., 43 (8), 1662–1669. 10.1016/j.
jcms.2015.07.001

42. Pozzi, S., Marcheselli, R., Sacchi, S., Baldini, L., 
Angrilli, F., Pennese, E., Quarta, G.,  Stelitano, C., 
Caparotti, G., Luminari, S., Musto, P., Natale, D., 
Broglia, C., Cuoghi, A.,  Dini, D., Di Tonno, P., 
Leonardi, G., Pianezze, G., Pitini, V., Polimeno, G., 
Ponchio, L., Masini, L., Musso, M., Spriano, M., 
Pollastri, G., Rotondo, G., 2007. Bisphosphonate-
associated osteonecrosis of the jaw: a review of 35 
cases and an evaluation of its frequency in multiple 
myeloma patients, Leuk. Lymphoma., 48 (1), 56–64. 
10.1080/10428190600977690

43. Diniz-Freitas, M., López-Cedrún, J.L., Fernàndez-
Sanromàn, J., Garcìa-Garcia, A., Fernàandez-Feijoo, 
J., Diz-Dios, P., 2012. Oral bisphosphonate-related 
osteonecrosis of the jaws: Clinical characteristics of a 
series of 20 cases in Spain, Med. Oral Patol. Oral Cir. 
Bucal., 17 (5), e751–e758. 10.4317/medoral.18041

44. Henry, D.H., Costa, L., Goldwasser, F., Hirsh, V., 
Hungria, V., Prausova, J., Scagliotti, G.V., Sleeboom, 
H., Spencer, A., Vadhan-Raj, S., Von Moos, R., Wil-
lenbacher, W., Woll, P.J., Wang, J., Jiang, Q., Jun, S., 
Dansey, R., Yeh, H., Henry, D., 2011. Randomized, 
Double-Blind Study of Denosumab Versus Zole-
dronic Acid in the Treatment of Bone Metastases in 
Patients With Advanced Cancer (Excluding Breast 
and Prostate Cancer) or Multiple Myeloma, J. Clin. 
Oncol., 29, 1125–1131.  10.1200/JCO.2010.31.3304



44 Antonio Centofanti et al.

45. Huja, S., Fernandez, S., Phillips, C., Li, Y., 2009. Zole-
dronic acid decreases bone formation without caus-
ing osteocyte death in mice, Arch. Oral Biol. , 54 (9), 
851–856. 10.1016/j.archoralbio.2009.06.002

46. Kobayashi, T., Hiraga, A., Ueda, A., Wang, L., Mat-
sumoto-Nakano, M., Hata, K., Yatani, H., Yoneda, 
T., 2010. Zoledronic acid delays wound healing of 
the tooth extraction socket, inhibits oral epithelial 
cell migration, and promotes proliferation and adhe-
sion to hydroxyapatite of oral bacteria, without caus-
ing osteonecrosis of the jaw in mice. J. Bone Miner. 
Metab., 28 (2), 165-175. 10.1007/s00774-009-0128-9

47. Senel, F.C., Kadioglu Duman, M., Muci, E., Cankaya, 
M., Pampu, A., Ersoz, S., Gunhan, O., 2010. Jaw bone 
changes in rats after treatment with zoledronate and 
pamidronate, Oral Surgery, Oral Med. Oral Pathol. 
Oral Radiol. Endodontology, 109 (3), 385–391. 
10.1016/j.tripleo.2009.10.011

48. Biasotto, M., Chiandussi, S., Zacchigna, S., Moi-
mas, S., Dore, F., Pozzato, G., Cavalli, G., Zanco-
nati, F., Contardo, L., Giacca, M., Di Lenarda, R., 
2010. A novel animal model to study non-spon-
taneous bisphosphonates osteonecrosis of jaw, J. 
Oral Pathol. Med., 39 (5), 390–396. 10.1111/j.1600-
0714.2009.00878.x

49. Maahs, M.P., Azambuja, A., Campos, M., Salum, 
F.G., Cherubini, K., 2011. Association between bis-
phosphonates and jaw osteonecrosis: A study in 
Wistar rats, Head Neck. , 33 (2), 199–207. 10.1002/
hed.21422


	Special issue on “Anatomical radiology and morphological studies applied to radiological and palaeoradiological contexts”
	Francesco Maria Galassi1,*, Elena Varotto2,3, Mauro Vaccarezza4,5, Veronica Papa3,6,7
	The Salafia embalming formula: do it well or don’t do it at all
	Raffaella Bianucci1,2,3, Simon T. Donell4, Francesco M. Galassi5, Tiziana Lanza6, Grazia Mattutino1, Andreas G. Nerlich7, Luca Sineo8
	Pharaoh Tutankhamun: a novel 3D digital facial approximation
	Cicero Moraes (BSc PhD h.c.)1, Michael E. Habicht (PhD)2, Francesco M. Galassi (MD PhD)3,*, Elena Varotto (PhD)3, Thiago Beaini (PhD)4
	Discover the anatomy of the mummies: how imaging techniques contribute to understanding disease in the past
	Veronica Papa1,2,3,*, Mauro Vaccarezza4,5, Francesco M. Galassi6,a, Elena Varotto1,7,a
	Effects of low dose bisphosphonates treatment on the mandibular bone in rats with and without mini-implants application: an experimental model
	Antonio Centofanti1, Michele Runci Anastasi2,*, Angelo Favaloro1, Francesco Saverio De Ponte1, Luciano Catalfamo1, Giuseppina Cutroneo1, Giovanna Vermiglio1
	The Auriculotemporal Nerve and TMJ region: anatomy and function
	Maria Grazia Poerio1,*, Michele Runci Anastasi2,*, Giovanna Vermiglio3, Antonio Centofanti4, Piero Cascone5
	Multiple arterial, venous and ureteric manifestations in horseshoe kidney: Developmental analysis and significance
	Cheryl Melovitz-Vasan1, Susan Huff2, Nagaswami Vasan3,*
	Morphometric analysis of glenoid cavity in adult human scapulae and its clinical importance
	Midhat Syed, Farah Syed*, Masooma Syed
	Sonographic imaging of the great occipital nerve in the diagnosis and treatment of primary headache disorders
	Pawel Iwaszkiewicz1, Robert Iwanowski1,*, Slawomir Wozniak2

