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Long-term oral bisphosphonates delay healing after tooth extraction:
a single institutional prospective study
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Abstract
Summary Tooth extraction in patients receiving bisphosphonates is thought to be a risk factor for osteonecrosis of the jaw (ONJ);
however, ONJ did not develop, even when tooth extraction was performed with continued oral bisphosphonate therapy. A drug
holiday from bisphosphonates before tooth extraction may not be necessary.
Introduction It is controversial whether bisphosphonate withdrawal is necessary prior to invasive procedures such as tooth
extraction in order to prevent bisphosphonate-related osteonecrosis of the jaw (BRONJ). This study aimed to evaluate the clinical
safety of continuing oral bisphosphonate therapy in patients undergoing tooth extraction.
Methods We prospectively enrolled 132 patients (20 men, 112 women) who were receiving oral bisphosphonates for the
prevention or treatment of osteoporosis and required tooth extraction. All patients were managed using an identical protocol,
which included preoperative antibiotic prophylaxis and did not necessarily require complete wound closure. The patients were
classified into groups according to the duration of bisphosphonate administration: < 2 years (n = 51), 2–5 years (n = 41), 5–
10 years (n = 28), and > 10 years (n = 12). The groups were compared regarding the time taken for the extraction socket to heal,
and the occurrence of BRONJ. Follow-up duration was at least 3 months.
Results A total of 274 teeth were removed. Long-term oral bisphosphonate therapy for > 5 years significantly delayed the healing
of the extraction socket in comparison with administration for < 5 years; however, BRONJ did not develop in any group. There
was no prolongation of wound healing due to systemic risk factors such as glucocorticoid administration and diabetes mellitus.
There were no adverse skeletal events such as bone fracture.
Conclusions Patients who underwent tooth extraction with continued oral bisphosphonate therapy showed delayed healing of the
extraction socket as the cumulative administration period prolonged, but BRONJ did not develop.
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Introduction

Osteoporosis is characterized by low bone mass, deterioration
of bone tissue, and resultant bone fragility [1]. In Japan, oste-
oporosis affects more than 13million people [2]. Osteoporosis
is the most common cause of fracture in older adults and leads
to an increased risk of hip fractures [3]. Hip fractures marked-
ly increase the mortality rate, reduce independence, and

impair the ability to walk and perform activities of daily liv-
ing, seriously reducing the health-related quality of life [4, 5].
Hence, it is important to prevent hip fractures, and the key
drugs used to accomplish this are bisphosphonates (BP). BP
inhibit bone resorption through induction of osteoclast apo-
ptosis and are used for the treatment of many bone diseases,
including osteoporosis, bone metastasis of malignant tumors,
and multiple myeloma [6–8].

One serious complication associated with BP administration
is osteonecrosis of the jaw (ONJ). The first case reports that
described the relationship between high-dose intravenous BP
and the incidence of ONJ in cancer patients were published in
2003 [9]. In 2004, Ruggiero et al. reported the relationship
between oral BP in osteoporotic patients and the incidence of
refractory osteomyelitis [10]. These two conditions (ONJ and
refractory osteomyelitis) were considered to be the same BP-
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associated disease, which was termed bisphosphonate-related
ONJ (BRONJ). Newer approaches to dental issues and treat-
ment of BRONJ showed reduced incidence and severity, but
BRONJ may still adversely affects quality of life and produces
substantial morbidity [11]. The incidence of BRONJ in osteo-
porotic patients reportedly ranges from 0.001–0.15% [12]. In
particular, the risk of BRONJ may be higher in Asia than in
other regions [13]. Although gradual progress has been made
toward the elucidation of the etiopathology and associated risk
factors for BRONJ, definite preventive strategies have not yet
been established.

One factor generally considered to increase the risk of
BRONJ development is dentoalveolar surgery such as tooth
extraction [14, 15]. The relative risk of BRONJ after tooth
extraction in patients with cancer who are receiving BP is
reportedly 16–50 times higher than in patients receiving BP
who have not undergone tooth extraction [14, 16, 17].
Although the incidence of BRONJ in patients receiving oral
BP following tooth extraction was reportedly only 0.5% in
2009 [18], this incidence has increased during the past 5 years;
recent studies have reported higher incidences, including
2.27% in 2013 [19], 2.5% in 2013 [20], and 3.44% in 2017
[21]. In Japan, a retrospective study published in 2017 report-
ed that the incidence of BRONJ after tooth extraction was
3.0% (35 of 1175 cases, 41 of 2458 teeth) [22].

A drug holiday before tooth extraction is often performed as a
precautionary measure to minimize the influence of BP on the
development of BRONJ [11, 23]. However, Taguchi et al. sug-
gested that discontinuation of BP therapy may not prevent
BRONJ, and may increase adverse events and lead to interrup-
tion of osteoporosis treatment [24]. When a drug holiday is
discussed, patients may refuse BP administration due to the fear
of BRONJ. If a drug holiday is not necessary, continued BP
therapy is desirable to prevent adverse skeletal events such as
bone fracture. It is also greatly beneficial to treat any dental
infection that may have occurred during the drug holiday period.

Most previous studies investigating the relationship be-
tween tooth extraction and development of BRONJ are retro-
spective [22, 25]. Mozzati et al. performed a prospective study
of tooth extraction in osteoporotic patients, but did not specify
whether BP therapy was continued at the time of tooth extrac-
tion [26]. Therefore, the present study prospectively examined
the clinical course after tooth extraction with continued BP
therapy before and after the procedure in patients receiving
oral BP. We hypothesized that BRONJ would not develop
after tooth extraction in patients receiving oral BP before
and after the procedure.

Methods

The present study was approved by the Independent Ethics
Committee of the Hyogo College of Medicine (approval

number: 1702) and was performed in accordance with the
standards of the Declaration of Helsinki. All patients provided
written informed consent before study commencement.

Between September 2014 and May 2017, 132 patients re-
ceiving oral BP were prospectively enrolled in the present
study. Inclusion criteria were men or women aged over
40 years who were currently receiving BP therapy for the
prevention or treatment of osteoporosis, oral BP therapy had
been administered for at least 1 month, dental assessment
determined that one or more teeth required extraction, consent
provided for tooth extraction with continued BP therapy, and
follow-up observation for 3 months or longer at our depart-
ment or at a local dental clinic where we could confirm the
clinical course. Exclusion criteria were cancer, intravenous BP
administration, patients previously treated with BP (including
those who were withdrawn by switching to other osteoporosis
drugs not classified as antiresorptive agents such as
teriparatide), BRONJ already developing at the time of tooth
extraction, previous head and neck radiotherapy, and obvious
metastatic disease of the jaw. The patients were divided into
four groups in accordance with the duration of oral BP admin-
istration: group I had received BP for less than 2 years (n = 51
patients), group II had received BP for more than 2 years and
less than 5 years (n = 41), group III had received BP for more
than 5 years and less than 10 years (n = 28), and group IV had
received BP for more than 10 years (n = 12).

All patients were managed using an identical protocol,
which did not include a pre-extraction drug holiday from
BP. Our protocol included (1) preoperative oral management
consisting of patient education, maintenance of good oral hy-
giene (via cooperation with dental hygienists), treatment of
caries and periodontitis, and denture adjustment if necessary;
(2) oral antibiotics (at least 250 mg amoxicillin or 200 mg
clarithromycin) administered prophylactically 60 min before
the surgical extraction in accordance with the guidelines for
the prevention of surgical site infection; (3) performance of
atraumatic tooth extraction as much as possible, even in cases
with gingival incision, alveolar bone removal, and/or tooth
splitting (without extended bone scraping in principle); (4)
tension-free wound closure without relief incision to avoid
interruption of the blood supply (i.e., complete closure was
not necessarily performed); (5) postoperative administration
of oral antibiotics for up to 2 days with the same drugs that
were used prophylactically (total daily dose was 1000 mg
amoxicillin or 400 mg clarithromycin); (6) follow-up obser-
vation and post-extraction socket irrigation in our outpatient
department at 1–2 days postoperatively, and then every week
until complete epithelialization of the socket was obtained.

The following factors were investigated in all patients: sex,
age, medical background, type of administered oral BP, total
duration of BP administration, tooth extraction site, type of
dental disease that was the reason for tooth extraction, length
of follow-up observation until wound healing, and conclusive
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surgical outcome. Wound healing was defined as epithelial
continuity obtained by granulation of the extraction socket,
with no fistulae that connected to bone; healing was assessed
by one or two dentists who specialized in oral surgery. In cases
in which the initial BP was switched to another type of BP, the
longest administered drug was regarded as the administered
oral BP. BRONJ was diagnosed in accordance with the 2014
criteria of the American Association of Oral and Maxillofacial
Surgeons [11]. Patients with systemic risk factors such as
glucocorticoid/immunosuppressant administration, diabetes
mellitus, rheumatoid arthritis, systemic lupus erythematosus,
and/or renal dialysis were regarded as having a much greater
risk of BRONJ. We investigated the healing period of the
extraction socket and the occurrence of BRONJ. The investi-
gators assessing the outcome were blinded to information
about the duration of BP administration. Statistical differences
were tested using the Mann-Whitney U test. Differences with
p values less than 5%were considered statistically significant.

Results

The patient information is summarized in Table 1. There were
20 men (15.2%) and 112 women (84.8%). The mean age was
71.9 ± 11.4 years (range 40–94 years). The reason for BP ther-
apy was primary osteoporosis or osteoporosis prevention; pri-
mary osteoporosis was caused by aging or menopause in 77
cases (58.3%), and osteoporosis prevention was required due
to long-term administration of glucocorticoids in 55 cases
(41.7%). The diseases that necessitated the glucocorticoid ad-
ministration were rheumatoid arthritis, Sjögren’s syndrome,
nephrotic syndrome, interstitial pneumonia, pemphigus, sys-
temic lupus erythematosus, subacute thyroiditis, Behçet’s dis-
ease, polymyositis/dermatomyositis, and others. Most patients
with autoimmune diseases were referred from the Division of
Rheumatology in the Department of Internal Medicine at our
institution with many patients. Administered oral BP were
alendronate in 59 patients (44.7%), risedronate in 37 patients
(28.0%), minodronate in 31 patients (23.5%), and ibandronate
in five patients (3.8%). Figure 1 shows the number of cases in
each group and the number of cases within each group that
had systemic risk factors (Fig. 1). Combined systemic risk
factors were glucocorticoid administration in 55 patients
(41.7%), diabetes mellitus in 28 patients (21.2%), rheumatoid
arthritis in 23 patients (17.4%), systemic lupus erythematosus
in four patients (3.0%), and renal dialysis in three patients
(2.3%) (overlapping distribution).

The characteristics of the teeth that were extracted are sum-
marized in Table 2. We removed 274 teeth, of which 101
(36.9%) were maxillary premolars and molars including third
molars, 76 (27.7%) were mandibular premolars and molars
including third molars, 64 (23.4%) were maxillary anterior
teeth, and 33 (12.0%) were mandibular anterior teeth. The

dental disease that was the reason for tooth extraction was
residual tooth root in 91 teeth (33.2%), chronic marginal peri-
odontitis in 86 teeth (31.4%), periapical periodontitis in 67
teeth (24.5%), root fracture in 18 teeth (6.6%), and
pericoronitis of a third molar in 12 teeth (4.3%).

The duration of healing in groups III and IV (BP adminis-
tration for > 5 years) was significantly longer than that in the

Table 1 Patient characteristics and demographics

Number of patients %

Sex

Men 20 15.2

Women 112 84.8

Age (years)

40–49 8 6.1

50–59 10 7.6

60–69 30 22.7

70–79 45 34.1

80–89 37 28.0

90+ 2 1.5

Average 71.9 (SD 11.4)

Range 40–94

Reason for BP therapy

Primary osteoporosis 77 58.3

Osteoporosis prevention 55 41.7

Oral BP administered

Alendronate 59 44.7

Risedronate 37 28.0

Minodronate 31 23.5

Ibandronate 5 3.8

Total duration of BP administration (months)

1–11 29 21.9

12–23 22 16.7

24–35 20 15.2

36–47 14 10.6

48–59 7 5.3

60–71 17 12.9

72–83 3 2.3

84–95 2 1.5

96–107 4 3.0

108–119 2 1.5

120+ 12 9.1

Average 40.4 (SD 38.0)

Range 1–162

Systemic risk factors (overlapping distribution)

Glucocorticoid administration 55 41.7

Diabetes mellitus 28 21.2

Rheumatoid arthritis 23 17.4

Systemic lupus erythematosus 4 3.0

Renal dialysis 3 2.3
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groups that had received BP administration for periods of <
5 years. There was no significant difference in the time taken
for healing to occur between group III and group IV (Fig. 2).
The duration of wound healing exceeded 8 weeks in two cases
from group III and two cases from group IV. However, epi-
thelialization was observed at 8 weeks, although it was not yet
complete. Therefore, these four cases were judged to have not
developed BRONJ and were eventually completely healed
without the development of BRONJ. There was no BRONJ
in any case, regardless of the BP administration period. In all
groups, there was no significant prolongation of wound
healing due to systemic risk factors such as glucocorticoid
administration and diabetes mellitus.

Discussion

In the present study, we removed 274 teeth in 132 patients
with continued oral BP therapy. Long-term oral BP therapy
for > 5 years significantly delayed the healing of the extraction
socket; however, BRONJ did not develop, regardless of the
administration period.

There is a strong tendency to avoid invasive dental treat-
ment such as tooth extraction in those receiving BP, as this is
considered a major risk factor for BRONJ. However, the risk
of BRONJ is lower in osteoporotic patients receiving low-
dose BP than in patients with cancer receiving high-dose BP,
and elective dentoalveolar surgery does not appear to be con-
traindicated in patients receiving low-dose BP for osteoporo-
sis [11]. Additionally, several studies reported that existing
infectious conditions, such as periodontitis/periapical lesions
and baseline osteomyelitis, were much greater risk factors for
BRONJ development than tooth extraction [27–29].
Furthermore, avoiding tooth extraction and leaving the chron-
ic inflammatory state unattended may actually cause BRONJ,
so tooth extraction may be required to remove the cause of
inflammation.

Some previous studies have investigated the effects of a
drug holiday for the prevention of BRONJ [11, 12, 30, 31],
but there is no unified consensus. The American Association
of Oral and Maxillofacial Surgeons guidelines (revised in
2014) suggest that clinicians should consider instigating a 2-
month drug-free period prior to an invasive procedure [11]. In
2011, the American Dental Association Council on Scientific
Affairs revised their prior recommendation of a drug holiday
and suggested that patients receiving lower cumulative doses
of BP (< 2 years) may continue antiresorptive therapy during
invasive dental treatment [30]. The International ONJ Task
Force recommends a drug holiday until the site has healed in
patients at greater risk of developing ONJ, including those
with greater cumulative BP exposure (> 4 years) [12]. A
2011 document published by the Food and Drug
Administration on the long-term safety of BP therapy for os-
teoporosis stated that there was Bno substantial data available
to guide decisions regarding the initiation or duration of a drug
holiday^ [31]. However, these recommendations are mostly
based on observational studies and case reports that have little
definitive evidence [24, 32]. Additionally, they are focused
solely on BRONJ, while not considering adverse skeletal
events. Considering the potential outcome of fracture caused

Table 2 Characteristics of the extracted teeth

Number of teeth %

Extraction site (n = 274)

Maxillary premolars and molars 101 36.9

Mandibular premolars and molars 76 27.7

Maxillary anteriors 64 23.4

Mandibular anteriors 33 12.0

Reason for tooth extraction (n = 274)

Residual tooth root 91 33.2

Chronic marginal periodontitis 86 31.4

Periapical periodontitis 67 24.5

Root fracture 18 6.6

Pericoronitis of a third molar 12 4.3

Fig. 1 Patient distribution by total
duration of bisphosphonate (BP)
administration and presence (+)
or absence (−) of systemic risk
factors. In most groups, more than
half of the patients had at least one
risk factor for the development of
BP-related osteonecrosis of the
jaw. Group I, those who had re-
ceived BP therapy for < 2 years
(n = 51); group II, received BP for
2–5 years (n = 41); group III, re-
ceived BP for 5–10 years (n = 28);
group IV, received BP for >
10 years (n = 12)
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by adverse skeletal events, caution is required when deciding
whether to initiate a drug holiday from BP.

Regarding strategies for the prevention of BRONJ after
tooth extraction, there are controversies about antibiotic ad-
ministration methods and the necessity of complete wound
closure. With no definite consensus on the antibiotic adminis-
tration method [33], we took into consideration the risk of
antibiotic-resistant bacteria development due to long-term an-
tibiotic administration and administered the minimum dosage
required from just before tooth extraction. Antibiotic admin-
istration for 6 days from the evening before surgery is report-
edly useful [26], but our study showed that there was no prob-
lem with using the minimum dosage in accordance with the
guidelines for prevention of surgical site infection.

Regarding closure of the extraction socket wound, good
progress can reportedly be obtained by performing complete
closure [34], but some cases result in wound dehiscence even
after complete closure at the time of tooth extraction. Healing
of the extraction socket may be hindered by invasive proce-
dures such as grinding of the alveolar bone and creating a
gingival flap relief incision, and these procedures may in-
crease the risk of BRONJ. More noninvasive tooth extraction
is preferred, as atraumatic surgery is more comfortable and
beneficial for patients [26]. Therefore, we considered it pref-
erable to close the wound only to the extent possible using
noninvasive methods rather than closing the wound forcibly,
and did not necessarily perform complete closure in all cases.

Tooth extraction via our protocol resulted in no occurrence
of BRONJ. We did not perform any special procedures, but
avoided the development of BRONJ even after tooth

extraction with continued BP therapy by performing
atraumatic procedures and strict infection control.

The reference value for B2-year periods^ of cumulative BP
exposure was based on previous evaluations by multiple or-
ganizations of the risk of BRONJ [12, 30, 35]. The higher
values (B5-year periods^ and B10-year periods^) used in the
present study were determined with reference to the recom-
mendations of a Task Force of the American Society for Bone
and Mineral Research (ASBMR) [13]. The ASBMR recom-
mends reassessment after 5 years of oral BP; lower-risk pa-
tients should then be offered a drug holiday, while BP should
be continued for up to 10 years in higher-risk patients [13].
Previous studies have reported systemic factors such as glu-
cocorticoid administration and diabetes mellitus as risk factors
for BRONJ [11, 12], but the existence of these risk factors
within the same BP administration period group did not sig-
nificantly delay healing after tooth extraction in our study.
Although the duration of healing was significantly prolonged
in groups III and IV (BP administration for > 5 years) in com-
parison with the groups who had received BP for periods of <
5 years, BRONJ did not occur. Our treatment strategy is based
on a protocol that allows tooth extraction without hesitation
even by dentists who do not specialize in oral surgery, and is
highly versatile. The present results suggest that our method is
not inferior to the treatment strategy that includes a pre-
extraction drug holiday from BP and is a viable treatment
option.

It is necessary to identify the cases that have already devel-
oped BRONJ (i.e., latent BRONJ) at the time of tooth extrac-
tion. If we had performed tooth extraction in these cases, it

Fig. 2 The relationship between
bisphosphonate (BP) administra-
tion period and duration of wound
healing after tooth extraction. The
duration of healing in groups III
and IV (BP administration for >
5 years) was significantly longer
than that in the groups that re-
ceived BP therapy for < 5 years.
There was no significant prolon-
gation of wound healing due to the
presence of systemic risk factors in
any group. Group I, those who had
received BP therapy for < 2 years;
group II, received BP for 2–
5 years; group III, received BP for
5–10 years; group IV, received BP
for > 10 years. Error bars show the
standard error of the mean; n.s.,
not significant; *p < 0.01; the plus
sign indicates patients with sys-
temic risk factors, while the minus
sign indicates those without sys-
temic risk factors
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may have been incorrectly concluded that BRONJ had devel-
oped due to tooth extraction. One such case that could have
beenmisdiagnosed as BRONJ development after tooth extrac-
tion was excluded from the present study after BRONJ was
diagnosed because of the presence of Vincent’s symptom. If
latent BRONJ is suspected, a biopsy should be taken from the
extraction socket to enable definitive diagnosis.

Care must be taken when performing tooth extraction in
patients receiving long-term oral BP therapy and in those with
a high cumulative dosage despite a low daily dose. The present
results suggest that the effect of BP administration for Bmore
than 5 years^ should be considered; this is also the time at
which reassessment of oral BP administration is recommended
by the Task Force of the ASBMR [13]. Although it is uncertain
how effective a short-term BP drug holiday would be consid-
ering bone physiology and the pharmacokinetics of BP, it may
be valuable to consider a drug holiday in high-risk patients,
such as those who have taken oral BP for more than 5 years.

The present study had some limitations. Our study was
prospective, but did not include a non-BP-treated control
group. As BRONJ is associated with various systemic and
local risk factors, we cannot make definitive conclusions
about BRONJ development from the present results alone
due to the relatively small sample size; however, there were
no occurrences of BRONJ using our treatment strategy.
Furthermore, the occurrence of ONJ is not related solely to
BP administration and has been reported in patients receiving
denosumab, leading to the recent introduction of the terms
Bmedication-related osteonecrosis of the jaw^ and
Bantiresorptive agent-related osteonecrosis of the jaw^ [11,
12, 30, 36]. We plan to conduct a similar study on tooth ex-
traction with continuous administration of denosumab.

Conclusion

In patients who underwent tooth extraction with continued
oral BP therapy, the healing of the extraction socket was de-
layed as the cumulative administration period prolonged, but
BRONJ did not develop.
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