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Abstract Treatment strategies for medication-related

osteonecrosis of the jaw (MRONJ) remain controversial.

Although the AAOMS suggests a conservative approach, a

surgical management with necrosectomy is often required

when conservative management has failed. Moreover,

recent studies have shown promising results using an early

stage surgical treatment. Over the past decade, cell-based

bone regeneration utilizing bone marrow mesenchymal

stem cells (MSCs) received increased attention. MSCs are

known to promote wound healing and induce new bone

formation in compromised tissue. Accordingly, the aim of

this study was to assess the role of MSCs in the manage-

ment of MRONJ. This study included 6 patients referred to

our department with the diagnosis of MRONJ. Upon

informed consent, the patients underwent surgical resection

of necrotic bone followed by MSCs grafting. The MSCs

were separated from bone marrow cells aspirated from the

iliac crest using a bone marrow aspirate concentrate sys-

tem. The MSCs were grafted into the defect with

autologous thrombin and the defect was covered with a

collagen membrane. In all cases, bony edges were rounded

and the wound was closed using a three-layered technique.

In the follow-up from 12 to 54 months, all patients

including those who had impaired conditions, sepsis, or

pathological fracture, showed satisfactory healing with no

signs of wound infection. This pilot study indicated that

surgical management in combination with MSCs trans-

plantation seems to be a promising treatment modality in

the therapy of MRONJ.
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Introduction

Medication-related osteonecrosis of the jaws (MRONJ) is a

serious complication in patients treated with antiresorptive

medications, such as bisphosphonates (BPs) and human

monoclonal antibodies to RANKL (i.e., denosumab) [1–3].

Since the first report in 2003 [4], a large number of

MRONJ cases have been reported with a growing tendency

[5]. Although a wide range of treatment modalities has

been described, the treatment strategies of MRONJ remain

controversial. Most guidelines recommend management of

affected patients with a conservative approach including

chlorhexidine mouth wash, long-term antibiotics, periodic

minor debridement of sequesters and wound irrigation in

order to control pain, infection, and progress of exposed

bone [3]. However, in many cases, conservative treatment

has failed. Hoff et al. [6] described that only 23% of their

patients healed after conservative treatment. To address

this low success rate, several clinicians proposed a surgical
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approach with an aggressive resection of the affected bone.

Several clinical studies could show high success rates after

complete removal of the affected bone and primary wound

closure corroborating this strategy [7–10]. Furthermore,

platelet-rich plasma (PRP) transplantation [11], low-level

laser irradiation [12], the administration of parathyroid

hormone [13, 14], and bone morphogenic protein have

been used as alternative treatments [15]. The efficacy of

these approaches is unknown. Thus far, no gold standard

treatment of MRONJ has been established.

Over the course of the past decade, research on bone

marrow-derived mesenchymal stem cells has been inten-

sified. Mesenchymal stem cells (MSCs) are known to be

multipotent and exhibit the potential to differentiate into

different cell/tissue lineages, including cartilage, bone,

adipose tissue, tendon, and ligament [16]. Previous inves-

tigations could demonstrate the potential of bone marrow-

derived MSCs (BMMSCs) to promote bone healing and

recovery of local blood flow on injured and ischemic tis-

sues, such as in alveolar ridge augmentation and treatment

of long bone defects [17–19]. In vitro and in vivo studies

demonstrated the potential of MSCs to enhance osteogen-

esis and vasculogenesis in necrotic lesions. Due to this

ability to induce bone formation and angiogenesis, MSCs

have been considered as a treatment modality for osteo-

necrotic diseases [20]. To facilitate clinical application,

BMMSCs can be concentrated from bone marrow aspirate

with the BMAC system (Harvest Technologies Corp,

Lakewood, CO, USA). The BMAC system is an estab-

lished method for mononuclear cell concentration from

iliac crest bone marrow aspirate [21]. It was shown in vivo

that MSCs separated by the BMAC system had the prop-

erty of new bone formation in maxillary sinus augmenta-

tion [22].

The purpose of this study is to evaluate the treatment of

MRONJ using autologous BMMSCs to facilitate healing

after a surgical approach.

Patients and methods

Patient

Six patients who were referred to the Oral and Maxillofa-

cial Surgery, University Hospital, Freiburg, Germany with

MRONJ that did not respond to conservative or surgical

treatment were included in this study.

A MRONJ diagnosis was based on the following char-

acteristics as defined by the American Association of Oral

and Maxillofacial Surgeons (AAOMS) [3] were present:

(1) current or previous treatment with antiresorptive med-

ications, such as bisphosphonates and denosumab; (2)

exposed bone or bone that can be probed through an

intraoral or extraoral fistula in the maxillofacial region that

has persisted for longer than 8 weeks; and (3) no history of

radiation therapy to the jaw or obvious metastatic disease

to the jaws. All patients were informed about the treatment

and accepted it by written consent. This study was

approved by the local ethics committee of the University of

Freiburg (Nr. 242/09).

The dimension and characteristics of the osteonecrosis

were evaluated by clinical and radiographical examination

with panoramic X-rays and cone beam computed tomog-

raphy (CBCT) scan. To avoid transplantation of malignant

cells from the bone marrow of the iliac crest to the jaw, a

SPECT–CT of the hip was carried out in patients with bone

metastases.

Details of age, sex, underlying diseases, medication

therapy including duration and route of administration,

location of osteonecrosis, stage of MRONJ at the operation

according to AAOMS (Table 1), and other risk factors,

such as diabetes mellitus, rheumatoid arthritis, steroid

therapy, and smoking, were investigated (Table 2).

Treatment

All patients underwent surgical treatment; a periosteoplasty

was carried out with an incision made on the alveolar crest,

extending beyond both sides of the necrotic bone. The

affected bone was then removed using a bur until healthy,

bleeding bone was present and sharp bone edges were

subsequently rounded. Parallel to the resection of the

necrotic bone, a second surgeon prepared the MSCs from

the iliac crest of the patient. To obtain MSCs, bone mar-

row-derived cells were aspirated from the iliac crest and

concentrated using the chair-side BMAC system (Harvest

Technologies Corp, Lakewood, CO, USA) according to the

manufacturer’s protocol. MSCs were then transplanted into

the bone defect in combination with autologous thrombin

and a collagen membrane (Bio-Gide, Geistlich, Wolhusen,

Switzerland). In all the cases, the wounds were closed

using a modified three-layered technique, which was

introduced by Voss et al. [9]. After a deep incision of the

buccal periosteum, the basal edge of the loose periosteum

is mobilized and quilted under the lingual, respectively,

palatal mucosa with resorbable sutures. Then, the oral and

vestibular aspects are adapted by backstitches and a run-

ning suture. Representative intraoperative situation is

shown in the figure (Fig. 1a–e). Histopathological analysis

of the bone specimen was performed in every case. All

patients received prolonged perioperative intravenous

antibiotics (Penicillin 10,000,000 IU and Metronidazole

500 mg twice daily or Clindamycin 600 mg in case of

Penicillin allergy) 2 days before and 5–7 days after sur-

gery. Patients’ nutrition was ensured via a nasogastric tube

for at least 3 days after surgery. After discharged from the
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hospital, patients were instructed to maintain a soft diet and

not to wear dentures during the healing period until suture

removal after 17–21 days. Success of the surgical

procedure was based on clinical and radiographical

examination with follow-up times ranging from 12 to

54 months. Primary success was defined as complete

mucosal healing at the surgical site without any signs of

fistula or exposed bone. Radiographical examination was

based on panoramic X-rays or CBCT. Radiographical

success for the surgical treatment with MSCs transplanta-

tion was determined by cessation of the bony destructive

process or recovery of bony remodeling in the surgical

region.

Preparation of MSCs

Bone marrow cells were aspirated from the iliac crest with

a bone marrow biopsy needle (Bone Marrow Aspiration

Pack, Harvest Technologies Corp, Lakewood, CO, USA).

Table 1 Summary of the 6 patients in this study

Patient Age Sex Underlying disease BP therapy Duration of BP (Month) Location of ONJ Stage

1 68 F Osteoporosis Oral ALE Unknown 32–36 II

2 66 F Osteoporosis Oral ALE Unknown 44–47 II

3 77 F Breast cancer iv ZOL 12 36–37 II

4 54 F Osteoporosis Oral ALE 24 45–47 I

5 60 M Osteoporosis Oral ALE 60 46–48 II

6 66 F Breast cancer iv ZOL 60 45 II

F female, M male, iv intravenous, ALE Alendronate, ZOL Zoledronate

Table 2 Risk factors in 6 patients

Patient Steroid RA DM Smoking

1 – ? Type 2 –

2 ? ? – –

3 – – – –

4 – ? – –

5 – – Type 2 ?

6 – – – –

RA Rheumatoid arthritis, DM Diabetes mellitus

Fig. 1 Intraoperative view of the necrosectomy followed by MSCs

transplantation. a The periosteum was expending beyond both sides

of the necrotic bone. b Situation after removal of the affected bone

and rounding of bony edges. New vascular from the bone surface was

seen. c A bio-gide membrane was put in the defect lesion.

d Concentrated MSCs mixed with autologous thrombin were infused

in the defect lesion under the bio-gide membrane. e The primary

wound closure with three-layered technique was done
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Sixty ml of bone marrow cells were collected into the

20 ml syringes containing 0.3 ml (10,000 U/ml) of heparin

solution. They were injected into two disposable dual

chambers (BMAC, Harvest Technologies Corp., Lake-

wood, CO, USA), and centrifuged with the SmartPReP2-

centrifuge. Simultaneously, blood samples were taken from

radial vein and injected into a chamber to prepare autolo-

gous thrombin. The chamber was loaded with the cen-

trifuge machine at the other side. After centrifugation, a

portion of the supernatant plasma was removed and the

cellular elements were resuspended (Fig. 2a–e). Before

grafting into the defect lesion, the concentrated MSCs were

mixed with autologous thrombin.

Results

In this study, 6 patients, 1 male and 5 female, with a mean

age of 65.2 years (range from 54 to 77 years) were enrol-

led. Four patients diagnosed with osteoporosis were treated

with oral bisphosphonates (alendronate) for 24–60 months.

Two patients received intravenous bisphosphonate therapy

(zoledronate) for 12 and 60 months, respectively, due to

the diagnosis of breast cancer. The stage of the MRONJ at

the time of treatment was I (n = 1) and II (n = 5). All

lesions occurred in the mandible. Two patients were under

steroid treatments, three patients suffered from rheumatoid

arthritis, and two patients suffered from type II diabetes

mellitus. Three patients (cases 1, 2, and 3) had been treated

with necrosectomy, marginal bone resection, and subse-

quent wound closure; however, they had complications

such as fistulas, dehiscences, and exposed bone. Accord-

ingly, these patients received a secondary surgical treat-

ment in this study, this time with MSCs transplantation to

obtain complete mucosal coverage.

After surgical intervention, all patients showed satis-

factory healing with no signs of wound infection, dehis-

cence, or bone exposure in the surgical region with a mean

follow-up of 21 months (raging from 12 to 54). The

treatment outcome, stage alteration of MRONJ, terms of

follow-up, and events after surgery are summarized in

Table 3. However, one patient (case 2) who was immuno

Fig. 2 Preparation of MSCs

with BMAC system. a Bone

morrow aspirate was punctured

from the superior posterior iliac

crest with a bone marrow biopsy

needle. b Bone marrow aspirate

was infused into the two-

chamber container of the

BMAC system. c SmartPReP2-

centrifuge was set at the chair-

side in operation room. d The

tube for the processing of

autologous thrombin is placed

in the blue counter weight and

the two-chamber container was

set at the opposite side. e Close-

up of the smaller part of the

chamber of the container.

Mononuclear cells were isolated

on the platelet cells (inverted

triangle) (color figure online)
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suppressed by corticosteroid due to rheumatic treatment

developed sepsis following an area of exposed bone at the

contralateral side of the mandible 2 months post-opera-

tively. This patient was treated successfully with intra-

venous antibiotics and incisional drainage and cured in

6 months. Another patient (case 5) developed a patholog-

ical fracture on the contralateral side of mandibular

15 months after initial surgical treatment. The patient

underwent open reduction and internal fixation with a

common osteosynthesis plate and showed no signs of

reoccurring inflammation. All patients who developed

additional medical conditions after the surgical treatment

could eventually be cured with no influence on the MSCs

grafting site.

The postoperative radiographs showed the clear margin

of the residual bone. No sequestration or obvious bone

resorption was observed in any patient. In case 2, adequate

bone regeneration in the grafted region could be

demonstrated 54 months after MSC transplantation

(Fig. 3a, b). Case 3 was a 77-year-old female suffering

from breast cancer with a history of 6 months intravenous

zoledronate, who developed a MRONJ after the extraction

of a lower left second molar. Figure 4a, b shows a preop-

erative panoramic X-rays and a sagittal section derived

from CBCT, depicting a sequestrum in the left mandible,

including the region of the third molar into the lesion. She

underwent marginal bone resection with extraction of the

third molar followed by gingivoplasty. However, exposed

bone reoccurred in the same region 4 months after the

surgery. Panoramic X-rays and CBCT obtained 6 months

after the first surgery (Fig. 4c, d) showed an osteolucent

area corresponding to osteolysis. Consequently, the patient

was operated again with marginal bone resection followed

by MSCs transplantation and primary wound closure. In

the 12-month follow-up after surgery, complete mucosal

coverage without any signs of fistula or exposed bone was

found. Furthermore, bony remodeling was shown in the

panoramic X-rays (Fig. 4e).

In summary, all patients included in this study showed

satisfactory healing with a complete wound closure, and no

signs of recurrences after MSCs transplantation.

Histopathological analysis of the bone specimen demon-

strated no metastatic disease to the mandible in all patients.

Discussion

Even though recent publications showed promising results

of an early surgical approach in the treatment of MRONJ,

the treatment guidelines of different associations vary and

conservative treatment is still performed in many cases. On

the other hand, innovative modalities such as laser therapy

[12], hyperbaric oxygen (HBO) [23], and PRP [11] have

been successfully used. In this study, transplantation of

autologous BMMSCs into the surgical defect after necro-

sectomy was performed. All patients showed satisfactory

healing up to 54-month follow-up.

MSCs are known to be multipotent and exhibit the

potential to differentiate into different cell types, among

them osteoblasts with the remarkable property of osteo-

genesis. In vivo, large amount of concentrated bone

Table 3 The outcomes of

necrosectomy followed by

MSCs transplantation

Patient Stage Outcome Follow-up (month) Events after surgery

1 II Cured 12 –

2 II Cured 54 Expose bone, sepsis

3 II Cured 12 –

4 I Cured 12 –

5 II Cured 24 Pathological fracture

6 II Cured 12 –

Fig. 3 Panoramic presentation of case 2. a Preoperative picture. In

the right lower jaw, the socket was remaining after extraction and

necrotic disruptive bone was seen in the alveolar bone. b 54 months

postoperative picture. Good bone healing obtained in the lesion with

no bone resorption and sequestrum
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marrow stem cells or bone marrow stem cells in combi-

nation with growth factors can be used to induce osteo-

genesis at the treated site [24]. To date, bone marrow-

derived progenitor cells aspirated with either the FICOLL

system or BMAC system have been used and showed

comparable formation of new bone in sinus augmentation

[25, 26]. The FICCOL system is a conventional open cell-

concentration system, whereas the BMAC system is a

closed, chair-side method, thus directly conducted in the

operating room. Earlier studies showed that the BMAC

system is an effective and suitable ‘‘chair-side’’ method for

clinical application in hard tissue regeneration [27, 28].

Besides additional costs, a drawback of procedure is that,

to obtain autologous mesenchymal stem cells from iliac

crest, an additional surgical step is needed, that may cause

patient discomfort.

The clinical use of BMMSCs in treatment of MRONJ is

limited to only case report. Elad et al. [29] showed a

complete wound healing within a few months after local

injection of bone marrow-derived hematopoietic stem cells

in the marginal mucosa around two areas of exposed bone.

Although the present study included only patients with

stage 1 or 2 lesions, there is evidence that the presented

BMMSC-based approach also induces healing in advanced

stage cases. Cella et al. showed complete healing in a

patient with refractory MRONJ by using autologous MSCs

Fig. 4 Radiological presentation of case 3. a, b Preoperative

panoramic picture and CBCT picture. Necrotic lesion was separated

in the left lower jaw. c, d Six months after the first operation.

Panoramic picture and CBCT picture showed unclear marginal

necrotic bone resorption in the lesion. e Twelve months after the

necrosectomy with MSCs transplantation. Panoramic picture showed

good bone healing in the lesion with no disruptive bone or bone

resorption. Additionally, a slight of new bone formation was founded

in the surface of alveolar bone
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that were aspirated from the iliac crest and concentrated by

FICOLL system. BMMSCs were transplanted into the

lesion on a gelatin sponge carrier, leading to complete

remission of a stage 3 lesion and induction of novel ossi-

fication [30].

As in this present study, MSCs were concentrated with

BMAC system, some patients obtained moderate new bone

formation radiographically in the surgical region accompa-

nied by MSCs transplantation. Even though a SPECT–CT was

carried out before puncturing the iliac crest to avoid trans-

plantation of malignant cells, it is still possible that

micrometastases could be aspirated and transferred to the

jaws. This controversy might limit the indication of the

described method to patients without known bone metastases.

In the proof of concept of clinically intended cell-based

therapies to regenerate bone of the oral cavity by using

mesenchymal stem cells, regulatory restrictions of the local

governmental authority prohibit a routinely establishment

of this tissue engineering approach at this moment. There is

an ongoing strong controversy and debate regarding the

legally suspended freedom of treatment with the BMAC

system in Germany.

In osteonecrotic lesions, the osteogenic precursors and the

endothelial progenitor cells (EPCs) are suppressed; thus,

insufficient osteogenesis and vasculogenesis cause necrotic

conditions. It is essential to enhance the osteogenesis and

vasculogenesis so as to improve the poor bone healing

[31, 32]. MSCs are one of the most helpful cells to recover the

ability of bone formation because they could stimulate many

cells around the lesions to produce many kinds of growth

factors [20]. A variety of growth factors are produced by

osteogenic cells, platelets, and inflammatory cells. Bone

morphogenetic proteins (BMPs), insulin-like growth factors

(IGF) 1 and 2, transforming growth factor-b1 (TGF-b1),

platelet-derived growth factor, and fibroblast growth factor 2

are functionally involved in bone healing. [33–35]. It was

proposed to consider BMPs application as a therapeutic option

for reconstruction of localized bone defects of antiresorptive

medication-related osteonecrosis of the jaw [15]. This present

study shows good outcomes of transplantation of BMMSCs in

the necrotic lesion. It has been considered that the differenti-

ation of MSCs to bone forming cells as well as its promoting

influences for soft tissue healing could contribute to an

uneventful healing in refractory patients.

Incomplete resection of necrotic bone appears to be an

important risk factor for recurrence in terms of intraoral

exposed bone. Three of the patients included in our study

have been operated previously and showed relapse on the

same site before the treatment with MSCs. It is possible

that necrotic bone could have been left unremoved during

the first intervention. It is a challenge to distinguish

between healthy and necrotic bone as bleeding bone is not

necessarily a clear sign for health condition of the bone and

it is in the surgeon’s experience to evaluate intraoperatively

[36, 37]. The tetracycline fluorescence technique described

by Pautke et al. [38] might help eliminate this flaw and lead

to a controlled and complete removal of necrotic bone.

Additionally, cone beam computed tomography (CBCT)

scans could be effective for treatment planning [39].

However, for the patients in the present study, additional

necrosectomy and MSCs transplantation might have con-

tributed to complete mucosa coverage.

Besides necrotic bone removal and grafting of MSCs,

closure of the wound plays an important role in these cases.

We described the necessity of effective closure of the wound

to prevent dehiscence and showed successful outcome with

this effective closure technique. Accordingly, wounds were

closed using a three-layered technique in all cases, as con-

ventional wound closure might enhance the risk of a relapse.

Using the three-layered technique, the wound is covered by

a thick soft tissue scar, which not only separates the bone

from the oral flora but also enables enough vascularization

for the remaining bone [9]. Wilde et al. [40] also indicated

high success rate of a surgical technique using a bilayered

wound closure in the management of intravenous MRONJ

and Lemound et al. [41] showed soft tissue reconstruction

using a local myofascial flap. An effective wound closure

technique provides safe coverage of the bone with soft tissue

and reduces the risk of recurrent infection of the bone, and

MSCs transplantation might help to improve bone and soft

tissue healing. A limitation of the present study was that no

control group with patients treated without MSCs that would

corroborate the hypothesis that the application of MSCs is

superior to wound closure alone, was included.

With regard to the discontinuation of the drug, majority

of guidelines recommended the discontinuation of the

antiresorptive therapy before surgical intervention to

decrease the risk of development of MRONJ; however, the

optimal duration of discontinuation before dental treatment

is controversial [42, 43]. Additionally, when choosing

discontinuation, the risk of pathological fracture or a pro-

gression of the underlying disease does not legitimize a

prolonged interruption of the treatment [44]. Some authors

described that there was no benefit to prevent MRONJ in

taking a drug holiday of BPs. This might be due to their

low circulation and very strong affinity for hydroxyapatite

crystals; thus, the antiresorptive effects persist on a long-

term basis [45, 46]. Wilde et al. [47] described no signifi-

cant difference between the treatment results irrespective

of whether or not bisphosphonate treatment was continued

in the management of intravenous MRONJ. In this present

study, no drug holiday was taken into consideration and the

surgical intervention for MRONJ showed successful out-

comes without discontinuation of BPs.

From the histopathological aspect, MRONJ is char-

acterized by an avascular necrosis and it is found a lack
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of osteogenic precursor cells that derived from MSCs.

BPs inhibit bone resorption by suppressing osteoclast

activation and inducing osteoclast apoptosis [48, 49].

Furthermore, their anti-angiogenic nature interfere with

endothelial cell proliferation [50]. With grafting a sig-

nificant amount of BMMSCs direct into the osteone-

crotic lesion, impaired osteogenesis and angiogenesis

could be normalized and contribute to improve bone

remodeling and uneventful healing. In a mouse model of

MRONJ, intravenous infusions of mesenchymal stem

cells supported the healing of ONJ-like lesions after

tooth extraction. It is discussed that BMMSCs might

help to reestablish the immune balance between inhibi-

tion of T-helper-cells producing interleukin 17 (Th17)

and increase in T regulatory cells [51]. Also in a swine

model, intravenous infusions of allogeneic mesenchymal

stem cells led to healing and bony reconstitution of

MRONJ-like lesions [52]. Immunomodulatory properties

of MSCs in human should be elucidated in further

studies.

Conclusion

Although a large variety of treatment modalities for

MRONJ have been reported, there are still no consensual

treatment strategies. Surgical management is often required

for refractory cases. This present study reports the outcome

in the treatment of MRONJ with autologous BMMSCs

with promising results. Before including into the clinical

routine, further prospective studies are needed.
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