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Abstract 

Introduction: Medication-related osteonecrosis of a jaw can occur in patient taking antiresorptive medication mainly 
as Nitrogen-containing Bisphosphonates, longer and intravenous treatment by bisphosphonates and patient who 
received tyrosine kinase inhibitor. We report an evaluation of the association of Pentoxifylline-Tocopherol to reduce or 
to treat the side effects on jawbone of the antiresorptive medications. 

Patients and methods: Six patients were selected two of them with intractable cases of MRONJ due to antiresorptive 
medication (Nitrogen-containing bisphosphonates and tyrosine kinase inhibitor) and four of them regarded as risky 
patients because taking Nitrogen-containing Bisphosphonates for at least two years and having to undergo jawbone 
surgery. 

Results: following the prescription of pentoxifylline -tocopherol, to prevent the occurrence of an MRONJ or to protect 
the surgical procedure for surgical removal of necrotic exposed bone, at the last follow up no adverse effects were 
identified and clinical appreciation was confirmed by radiological examinations. 

Conclusion: the association Pentoxifylline -Tocopherol has proven its efficacy in preventing or treating MRONJ bu. It 
was also critical to highlight the MRONJ risk in patients under monoclonal antibodies at the time of these molecules are 
rising, and to emphasize on the action of pentoxifylline-tocopherol in the management of the side effects of various 
monoclonal antibodies  on the jaw bone 
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1. Introduction

Marx (1) described the first cases of osteonecrosis of the maxilla in 2003 linking this painful and debilitating clinical 
condition to an anti-resorptive therapy: bisphosphonates which are molecules indicated in the treatment of 
osteoporosis, Paget’s bone disease and in some cases bone metastases or multiple myeloma. The frequent prescription 
of bisphosphonates, intravenous or oral forms in patients with metastasis cancer or severe osteoporotic patients with 
fracturing risk, has shown an increasing   osteonecrosis case of the jaws. More recently other classes of agents, 
monoclonal antibodies, that have revolutionized the management of cancer or chronic inflammatory diseases are 
involved in osteonecrosis of the jaws (2;3). In addition, osteonecrosis of the jaw was observed in patients whose 
received tyrosine kinase inhibitor having anti-angiogenic activity; this adverse event is probably concomitant to the 
inhibition of the vascular endothelial growth factor (VEGF). This leads to an increase in the prevalence of osteonecrosis 
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cases and the need to implement a treatment protocol to improve the living conditions of these patients. Osteonecrosis 
cases are no longer rare, and our only oral surgery department accepts one to two cases per month for risk evaluation 
and management of patients with medication -related osteonecrosis of the jaw (MRONJ).    

Osteonecrosis of the jaw usually affects the mandible and more rarely the maxilla. This is clinically manifested by an 
exposure of a necrotic bone through the mucosa without natural healing during several weeks. As this bone disorder 
progresses Several clinical features and potential risk factors are associated as: Pain and oral swelling, tooth mobility, 
non-healing extraction socket, disease site infection (presence of enterococci, streptococci or assimilated bacteria and 
a low rate of actinomycosis) (4), oroantral fistula, encroachment on the mandibular canal associated with paresthesia 
or anesthesia, pathologic bone fracture. The Cone Beam Computer Tomography (CBCT) is the first line imaging for an 
early diagnosis of the disease and to evaluate the extent of the lesion (5): the periosteal reaction, sequestrum separation 
and the osteolytic radiolucency are fully detected as well as the necrotic bone surrounded by a resorptive circumference 
and cortical perforations. As a result of boundaries of conventional radiography such as being a two-dimensional 
modality and anatomical superimposition, the CBCT could be a good preliminary option along with clinical examination 
to avoid delay in accurate diagnosis and treatment planning as well as contributing to differential diagnostics with other 
pathological lesions (6,7). For some authors the enhance of the bone mineral density occurs commonly near necrotic 
lesions which justifies the use of CBCT to detect early osteonecrosis by tri dimensional analysis of the bone micro- 
architecture (8,9). 

Despite the lack of studies evaluating the consequence of different molecular agents on the osteonecrosis of the jaw; it 
seems that the prevalence of MRONJ IS significantly higher with bisphosphonates. 

Bisphosphonates are synthetic pyrophosphate, differentiating only by the presence of a central nonhydrolyzable 
carbon, part of molecules demonstrating their anti-resorptive effectiveness by inhibiting osteoclastic activity and are 
thus indicated in most bone pathologies which are generally characterized by an increase in bone resorption. First-
generation bisphosphonates include etidronate, tiludronate, and clodronate; these lack a nitrogen side chain or 
hydroxyl group and do not have as strong bone specificity as the second-generation drugs (10,11). 

 The potency of bisphosphonate, for bone resorption inhibition leading to suppression of bone turnover, increases with 
the presence of an amine (amino bisphosphonates) radical found in the second and third generation of bisphosphonates 
such as: alendronate, pamidronate, ibandronate, risedronate, and zoledronate (12). Adverse side effects of 
bisphosphonates are associated with osteonecrosis of the jaw in patients with no history of radiation therapy in the 
cranio-facial area and bisphosphonate – related osteonecrosis of the jaw (BRONJ) defines in the literature this 
weakening condition of the jaws (13). Authors' estimates for potent bisphosphonates such as alendronate suggest a 
biological half-life of more than 10 years after a single intravenous dose (12, 14). 

 The current understanding of the mechanisms by which bisphosphonates exert their effects on osteoclasts is their 
interference with the internal enzymatic cell system of osteoclasts leading to cytoskeletal disruption with apoptosis of 
osteoclasts. Antiangiogenic effects of bisphosphonates have been documented by various groups that described a 
decrease in circulating levels of vascular endothelial growth factor (VEGF)Antiangiogenic (15) and Current knowledge 
shows that the progenitor cells of angiogenesis decrease the osteonecrosis risk of the maxilla (16) which shows a second 
side effect of bisphosphonates on neovascularization. 

Emerging anti-resorptive and anti-angiogenic medications such as, Monoclonal antibodies, VEGF decoy receptors and 
tyrosine kinase inhibitors that block the VEGF receptors have a potential implication in  the development of 
osteonecrosis of the  jaw . 

Currently interest grows in a Pento protocol to treat medication-related osteonecrosis of the jaw; it is a non-surgical 
treatment combining two molecules Pentoxifylline and tocopherol. Pentoxifylline primarily used to treat the symptoms 
of lower limb arteritis (disease of the leg arteries causing painful cramps in walking) and minor neurological disorders 
related to aging. This drug derived from Purine is used as an anti-tumor necrosis factor (TNF)-α effect, rising erythrocyte 
flexibility, vasodilates, preventing inflammatory reactions, avoiding human dermal fibroblast proliferation and 
extracellular matrix (ECM) production, and enhancing collagenase activity in vitro. Pentoxifylline and its metabolites 
improve blood flow by decreasing its viscosity (17). Tocopherol represents different components of Vitamin E, improves 
endothelial function by its potent scavenging action on free oxygen radicals which impact necrosis (18). 
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2. Case reports 

Table 1 Patients with MRONJ treated by Pento    

Case 
number 

Sex Age Medical 
History 

Treatment 
name and 
duration 

Disease Duration 
of PENTO 
protocol 

Site Type of 
surgery 

1 

 

 F 56 

 

OSTEOPOROSIS 

multiple history 
of fractures 

Risedronate 

 3 years  

APICAL CYST  4 
MONTHS 

 

MAXILLARY EXTRACTION 

DEBRIDMENT 

2 F 58 OSTEOPOROSIS 

Multiple history 
of fractures  

Alendronate 

2 years 

Multiple 
Apical cyst 

 

6 Months Maxillary 
and 
mandibular 

Extraction 
debridement  

implants 

3 F 65 Osteoporosis 
and osteopenia 

Risedronate 

6 years 

None 6 months mandibular Bone graft and 
implants 

4 F 83 Osteoporosis 

Multiple history 
of fractures 

Ibandronate 

Zolendronate 

Risedronate 

4 years 

Osteonecrosis 
of the jaw 

Bone 
sequestrums 

Open wound 

6 months mandibular Bone 
sequestrum 
removal 

Sanitation 

Wound healing 

5 F 78 Osteoporosis 

Multiple 
fractures history 

Zoledronate 

2 years 

None 6 months Maxillary 
and 
mandibular 

Implant 
rehabilitation 

6 F 68 Kidney cancer 

metastasis 

Anti-
angiogenesis 
tyrosine kinase 

(cabozantinib) 

Osteonecrosis 

of the jaw and 
bone 

sequestrum 

6 months Mandibular Bone 
sequestrum 
removal 

Sanitation 

Wound healing 
and bone 
regeneration  

Prior to Pento processing: a patient (# 4) had a necrosis of the right posterior mandibular region with bone exposure 
close to a dental implant in place of the first bicuspid tooth which implant must be removed for rehabilitation of the 
right mandibular area. two patients (# 1 and # 2) have apical dental cysts and planned dental care are therefore at 
infectious risk with a risk of osteonecrosis related to taking Risedronate and Alendronate. two patients (# 3 and # 5)   
respectively on risedronate and zoledronate, for multiple history of fractures, wish an implant rehabilitation of 
edentulous areas. One patient (#6) presented a delayed post extraction healing with alveolar bone sequestration. 

All bisphosphonates prescribed to the five patients have a nitrogen group and are called Nitrogen-containing 
bisphosphonates showing clinically an increased antiresorptive potency and affects binding to hydroxyapatite (20). The 
antiresorptive actions of each of the molecules is such that some of them have a completely reversible effect like 
alendronate and others a reversible minimal effect like pamidronate (21). Thus, complicating a dental implant 
rehabilitation decision that must be taken in a multidisciplinary way by assessing the risk of osteonecrosis of the jaw 
(ONJ) induced by each Nitrogen-containing bisphosphonate. Tyrosine kinase inhibitor (carbozantinib) prescribed to 
the sixth patient in this study reduces metastasis by targeting VEGF and is therefore able to disrupt bone remodeling 
after dental extraction leading as is the case exposed to osteonecrosis: unlike nitrogen-containing bisphosphonates all 
new emerging treatments such as monoclonal antibodies and anti VEGF ending the treatment removes the side effects. 

3. Results 

Summary of patients follow-up: they were six female patients ranged in age from 56 to 78 years. six female patients 
with an average age of 68 years. Five of them taking the most potent class of bisphosphonates (nitrogen-containing 
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bisphosphonates) and one of them taking a Tyrosine kinase inhibitor (carbozantinib) targeting VEGF and of which many 
adverse effects are reported especially on the upper and low jaw. Treatment duration of Pentoxifylline and tocopherol, 
to prevent or to treat side effects of MRONJ, ranged from 4 TO 6 months in beginning the treatment one month before 
any surgery. Two patients were classified as MRONJ and for patients were categorized at risk of MRONJ due to the time 
taken nitrogen-bisphosphonates. Sequestrum was removed in 2 patients (case 4 and 6) leaving a perfectly vascularized 
residual bone to appear after curettage and successful soft tissue closure of exposed bone was achieved; on CBCT 
assessment at six-months post-surgery there was evidence of new bone fill of radiolucent. In patient (case 4) a guided 
bone regeneration was realized allowing implant-supported fixed prostheses. The patient (case 6) did not wish, 
although it was possible, a dental implant therapy. In patient (case 1) Apicectomy was performed with a radiological 
image of bone healing at one year post surgery. In patient (case 2) extraction and cyst removed was done and complete 
vascularization of residual extraction socket was observed before a traditional suture of the wound edges; a successful 
dental implant therapy was accomplished after radiographic evaluation  attesting no development of MRONJ.In patient 
( case 5 and 3) successively bone graft dental implant and dental implant for case 3 were made without any evidence of 
disruption of vascularization and without development of MRONJ in a long term follow-up. In all extraction socket a 
delayed healing was showed without any further consequences. 

4. Discussion 

Diagnosis of osteonecrosis of the jaw associated with bisphosphonate is often advanced when the bone is exposed most 
often after a dental extraction. Imaging can play a preventive role and, although there is no specific method related, 
imaging is fully involved in the early detection of bone lesions and their extent. Unlike panoramic radiography which 
gives inaccurate images, the CBCT provides, by its resolution, reconstruction software’s and a low dosimetry accurate 
information of cortical and trabecular bone structures especially in the predilection zone of the posterior mandibular 
area where occurs most often   osteonecrosis because the thickness of the cortical plate which is greater compared to 
other anatomical region of jaws. Mainly osteonecrosis appearing on CBCT imaging is characteristic of a densified bone 
with radiolucent edges testifying to bone sequestration (22). In severe cases CBCT imaging observation shows large 
lytic and sclerotic bone surfaces affecting basal bone, including sequestrum, cortical perforation, pathologic fractures. 
In addition, the CBCT revealed a major advantage over conventional radiological techniques in quantifying the boundary 
of necrosis ( fig 1;fig 2). 

 

Figure 1 CBCT panoramic reconstruction showing the extensive bone necrosis of posterior and lateral right 
mandibular region with encroachment of the mandibular canal and perforation of the cortical bone plate 
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Figure 2 CBCT axial reconstruction showing the lytic bone destruction of lingual bone plate 

One of the aims of this article is to solve the management of patients with medication related osteonecrosis of the jaw 
when a dento-alveolar surgery procedure is envisaged, and this management is currently Based on two facts: 

 No standard treatment protocol is described 
 Recommendation for minimally invasive treatment is preferred by all authors (24).  

Hyperbaric treatment has been considered as an adjuvant therapy inducing stem cell mobilization, vasculogenic, 
mitochondrial biosynthesis (23); clinical results show that this complementary treatment is effective when 
bisphosphonates are discontinued (25).  

The use of Platelet Rich in Plasma has been proposed either to prevent an undesirable event of MRONJ before dental 
extraction (26) or after debridement and curettage on a osteonecrosis site (27). Referring to the properties of the PRP 
(28) which is the product of platelet activation by centrifugation, and which releases various molecules including 
growth factors which activate cell differentiation and stimulate the healing process; the PRP will limit the recurrence of 
an MRONJ and will also function as an anti-inflammatory and antimicrobial agent (29).  

Patients at risk of osteonecrosis of the jaw or with osteonecrosis has often treated by antibiotic prophylaxis or antibiotic 
therapy such as amoxycillin/ clavulanic acid 3g per day for 10 days or in case of allergy with clindamycin 600MG per 
day for 10 days (prescription in our department of oral surgery) and this to cover any surgical procedure. Synergetic 
effect OF sanitation combined with the supply of antibiotics reduces the variety of bacteria found in MRONJ bacterial 
but antibiotics could not modify the low bone turns over associated with MROJN (30 ) . 

Pentoxifylline and Tocopherol (PENTO protocol), is currently growing for MRONJ management with varying success 
rates, no guidelines are established for the medical prescription of Pento protocol, only the confirmation of the efficacy 
of the treatment and the few adverse effects are related by various authors (31;32). the aim of the PENTO protocol is to 
counter-act the effect of Antiresorptive and antiangiogenic drugs that cause tissue hypoxia, hypocellularity, hypo 
vascularity that were previously shown as implied in the development of MRONJ. In favoring the microcirculation and 
reducing local inflammation Pento protocol allowed us, after disruption of bisphosphonates or new emerging therapies 
associated with ONJ, to resolve some challenge as the placement of dental implants and guided bone regeneration for 
example with the following clinical case: 
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Figure 3 Patient on carbozantinib for 3 years: post-extractional alveolar ridge not healed at 4 months with 
sequestration of the alveolar bone  

 

 

Figure 4 After one month of PENTO protocol and disruption of carbozantinib removal of the sequestrum, 
debridement and complete healing of the alveolar mucosa 
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Figure 5 3 months after healing, bone decortication prior to guided bone regeneration under uninterrupted Pento 
protocol and disruption of carbozantinib 

 

 

Figure 6 Guided bone regeneration with titanium mesh and allogenic bone particles 
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Figure 7 9 months after guided bone regeneration the formation of new bone appears to be similar in grafted and 
non-grafted site: the adjunctive Pento protocol allowing easier vascularization of the defect site 

The above clinical case justifies the indication of Pento protocol as it is explained previously. Pento protocol has multiple 
actions (33) in, minimizing tissue damage, enhancing tissue survival, treating vasculo-occlusive disorders, contributing 
of healing of the oral-mucosa soft tissues (34) and in addition antioxidant and anti- inflammatory properties. 

5. Conclusion 

prevention and treatment of osteonecrosis of the maxilla have made a good forward in regard to the combined action 
of pentoxifylline and tocopherol However for safety issue, a broad spectrum knowledge of drugs is essential especially 
with patients taking bisphosphonate nitrogen who’s pharmacokinetic is difficult to manage with Pento and a 
multidisciplinary opinion is necessary to minimize the risks. 
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