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Is medication-related
 osteonecrosis of the jaw associated
with tumor necrosis factor-a inhibition?

Stacy A. Rosenberg, BS,a Cesar Migliorati, DDS, MS, PhD,b and Georgios E. Romanos, DDS, PhDa
Objective. This article reviews the literature and evidence of the association of medication-related osteonecrosis of the jaw with

tumor necrosis factor-a inhibition.

Methods. A systematic review was performed using electronic databases (PubMed, MEDLINE, and Embase) using the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Key terms were used in the search. No restrictions were

placed on publication status. Selection criteria comprised all levels of available evidence. Articles in the English language were

selected up to and including July 2020. Reference lists of relevant studies were searched for additional articles. Articles were

selected on the basis of inclusion and exclusion criteria. Findings from eligible studies were extracted by one reviewer and con-

firmed by a second. Disagreements were settled through discussion.

Results. The initial search of the key terms yielded 2107 articles. There were 1192 articles remaining after removal of duplicates

and addition of 6 articles that were hand-selected from among reference lists of relevant studies. There were 12 eligible articles

after screening. The full texts were read, and 5 articles were included on the basis of inclusion and exclusion criteria.

Conclusions. Further research is required to determine an association of medication-related osteonecrosis of the jaw and tumor

necrosis factor-a inhibition. (Oral Surg Oral Med Oral Pathol Oral Radiol 2021;131:422�427)
There is limited literature on medication-related osteo-

necrosis of the jaw (MRONJ) cases associated with

tumor necrosis factor (TNF)-a inhibitors; however, it has

been suggested that these medications could play a role

in MRONJ.1-6 TNF-a inhibitors are outlined in Table I.

The TNF-a inhibitors infliximab and golimumab are

administered intravenously, and etanercept, adalimumab,

and certolizumab pegol are administered subcutane-

ously.7 These medications are indicated to treat immune-

mediated inflammatory diseases, which include ankylos-

ing spondylitis, Crohn disease, rheumatoid arthritis,

ulcerative colitis, uveitis, and inflammatory bowel dis-

ease.7 The focus of this review is on determining if

MRONJ is associated with TNF-a inhibition.
METHODS
This systematic review was performed using the Pre-

ferred Reporting Items for Systematic Reviews and

Meta-Analyses guidelines (Figure 1). Electronic data-

bases (PubMed, MEDLINE, and Embase) were

searched. The following key terms were used in the

search: TNF-a inhibitors, aMRONJ, jaw osteonecrosisa,

ARONJ. Restrictions were not put on publication status.

Selection criteria comprised all levels of evidence avail-

able. Articles in the English language were selected up

to and including July 2020. Additional articles were

found through the reference lists of relevant studies.

Duplicate articles were removed. In the screening
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process, titles and abstracts that did not include adverse

oral effects, such as infection, MRONJ, and osteomyeli-

tis, associated with TNF-a inhibition therapy were

excluded. Full-text articles were then assessed, and stud-

ies with radiation to the head and neck or antiresorptive

or antiangiogenic therapy were excluded. Cases that did

not have a diagnosis of MRONJ were excluded. Inclu-

sion criteria required TNF-a inhibitor therapy and devel-

opment of MRONJ. One reviewer extracted findings

from eligible studies that were confirmed by a second

reviewer. Disagreements were settled through discussion.

We extracted into a summary table (Table II) informa-

tion on TNF-a inhibitor(s); risk factor(s); clinical, radio-

graphic, and histologic findings; and management. All of

the articles included patients who had received TNF-a

inhibitor(s) and who developed MRONJ.
RESULTS
The initial search of the key terms yielded 2107

articles. There were 1192 articles remaining after

removal of duplicates and addition of 6 articles that

were hand-selected from among the reference lists of

relevant studies. There were 12 eligible articles after

screening. The full texts were read, and 5 articles were

included on the basis of inclusion and exclusion crite-

ria. Three full-text articles were excluded for reasons

that included cases that did not specify a diagnosis of
Statement of Clinical Relevance

Physicians very often prescribe tumor necrosis fac-

tor (TNF)-a inhibitors. The present article is a

review of the current literature for the use of TNF-a

inhibitors and associated complications such as

osteonecrosis of the jaw.
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Table I. Tumor necrosis factor-a inhibitors

Generic name Trade name

infliximab Remicade

Etanercept Enbrel

Adalimumab Humira

Certolizumab pegol Cimzia

Golimumab Simponi
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MRONJ. Four full-text articles were excluded for rea-

sons that included cases with a history of bisphospho-

nates, denosumab, or both. The 5 articles that were

included consisted of case reports because research

studies on this direct topic were not found in the current

literature.

An overview of case reports investigating patients

who developed MRONJ while receiving TNF-a inhibi-

tion therapy is shown in Table II.2-6 Risk factors

included dental extractions or implant placement. The

most commonly reported TNF-a inhibitors leading to

MRONJ were infliximab and adalimumab. These case

reports examined patients who developed MRONJ

with a history of TNF-a inhibition therapy without
Fig. 1. Analysis of the literature based on Preferred Reporting It

MRONJ, medication-related osteonecrosis of the jaw.
antiresorptive, antiangiogenic, or radiation therapy.

Another systematic review of the association of osteo-

necrosis and osteomyelitis of the jaw with TNF-a

inhibitor therapy noted that the current case reports

have limitations; however, the research on pathophysi-

ologic mechanisms and evidence suggest an associa-

tion of MRONJ and TNF-a inhibition.8
DISCUSSION
The biological mechanisms of medications associated

with the development of MRONJ are of importance to

understanding the disease pathobiology.9 Based on

what is known today, the mechanisms involved in the

formation of MRONJ are multifactorial, depending on

the presence of dental disease, the type and potency of

medications, the exposure time, the mechanisms

involved in bone remodeling, and genetic polymor-

phisms, among other factors. The mechanisms of TNF-

a may provide supporting evidence for the association

between MRONJ and TNF-a inhibition; however,

there is a requirement for more research. A research

study investigated the role of TNF-a on osteocytes,
ems for Systematic Reviews and Meta-Analyses guidelines.



Table II. Case reports; drugs; clinical, radiographic, and histopathologic findings; and management

Author & year

of publication

Number

of cases

Drug Clinical findings Radiographic findings Histopathologic findings Management & results

Cassoni et al. (2016)2 1 Adalimumab Postoperative infection, pain,

loosening teeth, alveolar

bone loss, necrotic bone

after placement of 4 tita-

nium fixtures.

Stage 0 MRONJ.

Osteosclerosis, osteolysis,

subperiosteal bone deposi-

tion, persistence of extrac-

tion socket and sequestrum.

NA Curettage with local antibiot-

ics (Rifocin) for about 2-3

months, systemic antibiotic

therapy

(amoxicillin + clavulanic

acid 1 g twice daily), sys-

temic therapy with paracet-

amol and ketorolac.

Healing occurred, and

recurrence was not stated.

Favia et al. (2017)3 1 Infliximab Intra- and extraoral 3-cm

necrotic bone exposure of

the anterior mandible with

symptoms of submandibu-

lar swelling, pus discharge,

and pain after dental extrac-

tions.

Stage 3 MRONJ.

Poorly defined radiolucency

in the region of bone expo-

sure and osteolysis.

Osteonecrosis with inflamma-

tory cell infiltration and

basophilic bacterial colo-

nies, empty Haversian

canals without residual

osteocytes/osteoblasts, and

decreased Haversian blood

vessels.

Antibiotic cycles, surgical

treatment with wide bone

resection and debridement

of necrotic tissues.

Completely healed without

signs of recurrence.

Aghaloo & Tetradis (2017)4 1 Etanercept Poor wound healing and bone

spicules extruding from

extraction site. Mildly ery-

thematous gingiva and

exposed bone on buccal

aspect.

Stage 2 MRONJ.

Irregular trabeculation of the

alveolar ridge and extrac-

tion socket in the area of

the tooth.

NA Chlorhexidine rinses, antibi-

otic therapy, and debride-

ment of bony sequestrum.

Complete resolution

occurred. Recurrence was

not stated.

Cillo & Barbosa (2019)5 1 Adalimumab Dental implant surgical site

infection of 5 recently

placed dental implants in

the mandible with sponta-

neous gross purulent drain-

age, edema, fluctuant

swelling, pain, submental

and submandibular space

infections, and loosening

implants.

Soft tissue CT scan showed a

2.0 £ 2.0 £ 1.8�cm fluid

collection subjacent and

posterior to the mandibular

symphysis with extension

of a submental abscess into

the bilateral submandibular

spaces without definitive

evidence of osteomyelitis.

NA Intravenous antibiotics, surgi-

cal and medical manage-

ment, extraoral incision and

drainage in the mandibular

submental region, manual

debridement of submental

and submandibular fascial

spaces after dental implant

removal, discontinuation of

adalimumab.

Completely healed without

signs of recurrence when

patient began receiving

adalimumab again.

(continued on next page)
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which make up the majority of the bone cell popula-

tion.10 These researchers discussed the important func-

tion of osteocytes in bone resorption mediated by TNF-

a.10 The study identified that TNF-a stimulates the

nuclear factor (NF)-kB pathway in osteocytes and

directly affects osteocyte receptor activator of NF-kB

ligand (RANKL) expression both in vitro and in

vivo.10 Another study demonstrated the inhibitory

effects on TNF-a�induced osteoclastogenesis and

bone resorption both in vitro and in vivo.11 The

research group identified that TNF-a has a fundamental

role in osteoclastogenesis.11 They challenged this by

demonstrating prevention of osteoclastogenesis by

TNF-a inhibition in the absence of RANKL, which

provides evidence of the important role that TNF-a has

in bone resorption.11 Other studies have also shown

evidence that TNF-a inhibition decreases bone turn-

over, which further suggests its association with

MRONJ.6,12-16 Additionally, it has been seen through

other research studies that TNF-a can directly and indi-

rectly promote osteoclastogenesis and thus can pro-

mote bone remodeling (Figure 2). This evidence may

aid in our understanding of the underlying mechanisms

that may have led to similar radiographic findings of

TNF-a inhibitor�induced MRONJ to antiresorptive-

induced MRONJ. The current knowledge of TNF-a
inhibition and its effect on bone resorption may parallel

the effects of antiresorptive medications and therefore

may cause a similar disease process that led to compa-

rable clinical, radiographic, and histologic findings in

the current case reports. The degree to which TNF-a

inhibitors impact bone turnover is not clear. More

research on the underlying mechanisms is required to

further identify how exactly MRONJ is attributed to

TNF-a inhibition and to what severity and extent.

More research is also required to determine the risk of

MRONJ depending on the duration and dosage of

TNF-a inhibitor therapy. For the interested reader,

more articles on this topic can be found in the reference

list.8,10-24 TNF-a inhibitors can also cause reduced

immune function; thus, development of MRONJ can

be attributed to ongoing infections.1-3,9,24 Compro-

mised mucosal healing after treatment could be due to

the ability of TNF-a inhibitors to impair wound healing

that includes mucosal and bone repair of the jaw after

necrosis.1 However, another study noted that clinical

signs of infection, purulent drainage, exposed bone,

erythema, and fistulae may not represent the actual

degree of the bone disease.25 It is difficult to determine

to what extent MRONJ from TNF-a inhibition results

from decreased bone remodeling, infection, or a com-

bination of both.2 The findings discussed in the current

case reports suggest an association of TNF-a inhibitor

therapy and MRONJ. To circumvent altered clinical

findings, it is also important to consider patients who



Fig. 2. Tumor necrosis factor (TNF)-a may activate similar signaling pathways, in terms of osteoclastogenesis directly, as the

receptor activator of nuclear factor-kB (RANK) and receptor activator of NF-kB ligand (RANKL) system.6,13,14 Inhibition of

TNF-a has been identified to prevent osteoclastogenesis by decreasing expression of nuclear factor (NF)-kB, nuclear factor of

activated T cells, cytoplasmic 1 (NFATc1), through direct effects, and by decreasing levels of RANKL, RANK, and macrophage

colony-stimulating factor (M-CSF) through indirect effects.12,17,18,20
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are treated with TNF-a inhibitors in addition to other

medications related to MRONJ. Determining an associ-

ation of TNF-a inhibitor therapy and MRONJ requires

more research, given that the current evidence summa-

rized in Table II is based only on case reports and lim-

ited data. A statistical analysis will require more

research and data.

CONCLUSIONS
Due to the limited amount of literature and data on this

topic, further research is required to determine an asso-

ciation of MRONJ and TNF-a inhibition.
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