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Abstract
Objective: Bisphosphonates are the leading class of drugs to prevent and treat osteoporosis. Numerous cases
of bisphosphonates related to bone necrosis and bone fractures have been reported. In this study the risks of
impaired healing and osteomyelitis associated with bisphosphonates were assessed using case reports submitted
to the US Food and Drug Administration (FDA) Adverse Event Reporting System (FAERS).
Methods: Using FAERS the adverse events reports from the first quarter of 2004 to the second quarter of 2012
associated with bisphosphonates and non-bisphosphonates anti-osteoporosis drugs were generated and evaluated.
Standardized pharmacovigilance tools were applied to detect the signal of impaired healing and osteoporosis.
Results: Among 14493 total reported events of impaired healing in FAERS, 49% of the cases were associated
with use of bisphophonates. Substantial and pharmacovigilantly significant signals of impaired healing (PRR=13.39)
and osteomyelitis (PRR=7.06) were detected. There was less risk of impaired healing (PRR=4.8) and osteomyelitis
(PRR=1.61) associated with ibandronate (PRR=4.80) compared to other bisphosphonates. Interestingly weak but
significant signals of impaired healing (PRR=3.40) and osteomyelitis (PRR=2.38) were also detected for denosumab.
There were no significant risks of impaired healing (PRR=1.85) and osteomyelitis (PRR=0.25) associated with
teriparatide.
Conclusion: This study for the first time signals an increasing risk of impaired healing and osteomyelitis
associated with bisphosphonates using FAERS. It has significant implication for patient safety in pharmacy practice.
Considering the limitation of FAERS, such as under reporting, reporting bias and Weber-effect, this study provides
goal for future large pharmacoepidemiologic studies.

Keywords: Bisphosphonates; Impaired healing; Osteomyelitis; FDA
adverse event reporting system
Introduction
The Food and Drug Administration Adverse Event Reporting
System (FAERS) represents one of the most successful public health
information databases sponsored by the United States government to
assure the safety, efficacy, and security of post market medications.
The FAERS is a public media platform for consumers and clinicians
to address their concerns of drug safety by reporting the adverse drug
events to the Food and Drug Administration (FDA). The FAERS
creates new information ecology by providing an open communication
channel between consumers, clinicians and the FDA. It also has the
potential to serve as a pharmacovigilance tool to identify the important
issues of drug safety [1-4].
Along with environmental and genetic risk factors, drugs also play
an important role in delayed wound healing. Every year thousands of
drug related impaired healing events are communicated by health care
consumers to their health care providers, and most of these adverse
events are reported to the FDA through FAERS. Identifying risk of
impaired healing associated with specific drugs is essential for wound
care and also offers an essential solution for control and prevention
of delayed wound healing. Van Beusekom and colleagues reported
delayed healing associated with paclitaxel and sirolimus eluting stents
[5]. Colombres et al. recently reported that delayed epithelial healing
after intravitreal bevacizumab, a monoclonal blocking antibody for
vascular endothelial growth factor (VEGF). The FDA recommends
discontinuing bevacizumab in patients with wound dehiscence, and
discontinuing bevacizumab at least 28 days prior to elective surgery [6].
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In addition, FDA recommends not initiating bevacizumab for at least
28 days after surgery and until the surgical wound is fully healed [6].
However, the risks of impaired healing associated with bisphosphonates
are controversial and poorly defined.
Bisphosphonates are synthetic potent inhibitors of osteoclastmediated bone resorption, and they are mainly used for the treatment
and prevention of osteoporosis in both men and women. Alendronate
was the first bisphosphonate approved by the Food and Drug
Administration (FDA) in 1995 for the treatment and prevention
of osteoporosis, and indicated for the treatment of symptomatic
Paget’s disease of bone. Risedronate, pamidronate, zoledronic acid,
ibandronate, tiludronate and etidronate are other bisphosphonates
currently approved in the US market. Etidronate and tiludronate are
non-nitrogen containing bisphosphonates indicated for the treatment
of symptomatic Paget’s disease of bone. Etidronate was also approved
for the prevention and treatment of heterotopic ossification following
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Methods
Data resources
Using the public version of FDA Adverse Events Reporting System
(FAERS) database, all the adverse events reported to FDA (15,515,692
cases) from the first quarter of 2004 to the second quarter of 2012 were
obtained and evaluated. Data were obtained from the FAERS which
contains spontaneous adverse event case reports filed from 2004 to
2012 by the consumers, health care providers and pharmaceutical
manufacturers regarding identifiable, but anonymous, patients. The
new cases of suspected adverse events are released to the public every
quarter and the reports include seven data sets: patient demographic
and administrative information; drug information; adverse events;
patient outcomes; report sources; drug therapy start and end dates; and
indications for use.

Drugs selected for analysis
All the FDA approved bisphosphonates on the USA market were
selected for this study. The drugs selected were alendronate, risedronate,
pamidronate, ibandronate, zoledronic acid, tiludronate and etidronate.
When the database reports were generated, the drug name variant
for each drug, such as brand names, generic name, chemical names,
misspelling names and names with dosage descriptions, were used
to consolidate the reports into one form under generic name. For
control purpose, some other drugs indicated for bone disorders were
also selected for this study. The controls of non-bisphosphonate antiosteoporosis drugs were denosumab and teriparatide.

Data processing
Relational databases were first created from the ASCII files in
the FAERS using Microsoft Office Access and Oracle. Then the data
were sorted and analyzed with Microsoft Excel and Oracle analytic
tools. The predefined events of interest were impaired healing, and
osteomyelitis. Using the FAERS public database, the ADRs associated
with bisphosphonates and control drugs were generated and evaluated.
The adverse events involving combination drugs were not combined
with monotherapy adverse events.
J Pharmacovigilance
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Spontaneous adverse events reports associated with
bisphosphonates treatment were acquired from the FAERS database
using standard pharmacovigilance algorithms. To detect risk signals
with alarming reporting frequencies, the proportional reporting ratio
(PRR) and the reporting odds ratio (ROR) were calculated on the basis
of all adverse events associated with all drugs reported in the FAERS
from the first quarter of 2004 to the second quarter of 2012. Two by
two contingency tables for impaired healing events associated with or
without the presence of bisphosphonates were created to calculate PRR
and ROR including a two sided 95% confidence interval (95% CI). A
signal for alarm was considered for a PRR >2 or ROR >2, and if the
lower bound of 95%CI for ROR was greater than 1 [12-16]. Since age
and sex are associated with osteomyelitis and impaired healing and
are unevenly distributed among exposed and unexposed subjects,
confounding and effect modification were tested. Effect modification
was tested by the Breslow–Day test for homogeneity between odds
ratios after stratified analyses. Confounding was evaluated by Mantel–
Haenszel common odds ratios analyses.

Results
Increasing trend of impaired healing cases reported in the
FAERS
From 2004 to 2011, the trend of impaired healing adverse events
associated with pharmacotherapy has been steadily climbing (Figure
1). In 2004, only 572 cases of impaired healing were reported to FAERS,
and they only counted as 0.0519% of the total reported adverse events
cases. Surprisingly after seven years, the total cases increased more
than 5 times to 2960 cases, in 2011, and the ratio of impaired healing
cases over total adverse events was almost doubled compared to 2004.
Table 1 calculated the total cases of impaired healing reported to the
FAERS from the first quarter of 2004 to the second quarter of 2012 with
details for each quarter (Table 1). It strongly suggested that the cases of
impaired healing associated with drug treatments have been steadily
increasing over the previous decade.

Signals of impaired healing associated with bisphosphonates
The impaired healing adverse events were commonly reported by
patients who were treated by bisphosphonates, such as alendronate,
pamidronate, risedronate, zoledronic acid, ibandronate, tiludronate
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Bisphosphonates are relative safe and effective, however recent
uncommon adverse effects associated with the use of bisphosphonates
have been emerging. Atrial fibrillation, risk of esophageal cancer,
and development of atypical fractures are some other potential
serious post-marketing new adverse effects reported to be associated
with pharmacotherapy of biosphosphonates [8,9]. The risks of
impaired healing and osteomyelitis associated with bisphosphonates
pharmacotherapy are currently under debate. One of the major
challenges in orthopedics is the osteoporotic fracture management. Stein
and colleagues demonstrate in a meta-analysis that bisphosphonates
and vitamin D treatment during the first year after solid organ transplant
reduce the risk of fracture and vertebral fractures [10]. In contrast,
using FAERS database Edwards and colleagues detected significant
risks of nonhealing femoral fractures associated with bisphosphonates
[11]. The present study was performed to assess the risks of impaired
healing and osteomyelitis associated with bisphosphonates and nonbisphosphonates anti-osteoporosis drugs based on millions of case
reports of adverse events submitted to FAERS.

Statistical analysis

Annual Cases of Impaired Healing

total hip replacement or due to spinal cord injury. Intravenous
zoledronic acid and pamidronate are also used to manage bone
symptoms for metastatic cancer patients [7].

0

Figure 1: Increasing trend of impaired healing reported to the FAERS from
2004 to 2011. The data were obtained from the FAERS from 2004 to 2011.
The total annual cases of impaired healing reported to the FAERS and the
ratio of impaired healing cases over total adverse events reported to the
AERS were calculated.
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Total Adverse Drug Events
(Impaired Healing )
Year

Quarter 1

Quarter 2

Quarter 3

Quarter 4

2004

264,771 (127)

254,444 (162)

291,222 (133)

292,139 (150)

2005

313,984 (152)

337,454 (365)

336,320 (289)

360,036 (271)

2006

409,360 (248)

389,707 (290)

286,316 (250)

306,109 (264)

2007

301,385 (214)

298,589 (207)

315,283 (238)

365,659 (313)

2008

366,706 (329)

404,433 (269)

402,637 (324)

408,726 (382)

2009

379,450 (321)

414,777 (398)

454,509 (436)

510,140 (633)

2010

507,210 (661)

550,274 (710)

736,612 (751)

653,301 (853)

2011

661,345 (691)

751,821(747)

742,706 (665)

774,170 (857)

2012

838,707 (925)

83,5390 (868)

No data

No data

Table 1: Impaired Healing Cases and Total Adverse Events Cases Reported in FAERS (First 2004-Quarter to Second 2012-Quarter).

and etidronate. The algorithm of pharmacovigilance was used for
data mining from the FAERS to assess the signals of impaired healing
adverse events associated with bisphosphonates. Alendronate was the
first bisphosphonate approved by the FDA. From the first quarter of
2004 to the second quarter of 2012, there were 242,019 total cases of
adverse events reported to the FAERS, and 2,316 of these reported
cases (0.96%) were adverse events of impaired healing. Impaired
healing is one of the top 10 major adverse events reported to the
FAERS along with femur fracture, osteonecrosis, fall, low turnover
osteopathy, osteomyelitis, anxiety, arthralgia, depression and tooth
disorder. The signal of impaired healing associated with alendronate
was substantial and statistically significant (PRR=12.00, ROR=12.109;
95% CI: 11.581-12.662) (Table 2). The control was all impaired healing
cases associated with all drugs in the FERS excluding alendronate.
There was no significant change for risk of impaired healing associated
with alendronate plus vitamin D combination compared to that of
alendronate monotherapy (ROR 12.109 vs. 12.157) (Table 2). Similar
substantial and statistically significant pharmacovigilance signal was
detected for zolendronate (PRR=8.79, ROR=8.849, 95%CI: 8.4799.235), pamidronate (PRR=7.02, ROR=7.057, 95% CI: 6.608-7.536).
Interestingly, ibandronate has the lowest signal of impaired healing
(PRR=4.80, ROR=4.816, 95%CI: 4.207-5.514). The signal of impaired
healing associated with eidronate was also substantial and statistically
significant (PRR=10.09, and ROR=10.173, 95%CI: 5.456-18.967)
(Table 2). No data was available for tiludronate. All the adverse
events associated with each bisphosphonate, such as alendronate,
risedronate, ibandronate, zoledronic acid, tiludronate and etidronate,
were combined to assess the risks of impaired healing associated with
the drug class of bisphosphonates. Figure 2 compared the signals of
impaired healing associated with bisphosphonates and other antiosteoporosis drugs, such as denosumab and teriparatide. Less signal of
impaired healing was detected for denosumab (PRR=3.40, ROR=3.405;
95%CI: 2.618-4.429), compared to that of bisphosphonates. In contrast,
teriparatide the signal of impaired healing associated with teriparatide
was not substantial, and the signal was not pharmacovigilantly
significant (PRR=1.85, ROR= 1.85, 95%CI: 1.677-2.041).

Signals of osteomyelitis associated with bisphosphonates and
other anti-osteoporosis drugs
The signal of osteomyelitis associated with alendronate was
substantial and statistically significant (PRR=5.57, ROR=5.615; 95%
CI: 11.635-12.678). The control was all osteomyelitis cases associated
with all drugs in the FERS excluding alendronate. Similar substantial
and statistically significant pharmacovigilance signal of osteomyelitis
was detected for zolendronate (PRR=6.21, ROR=6.303; 95%CI: 8.4769.233), pamidronate (PRR=6.012, ROR= 6.066; 95%CI: 5.768-6.379,).
J Pharmacovigilance
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Interestingly, ibandronate has the lowest signal of impaired healing
(PRR=1.61, ROR=1.61; 95%CI: 1.363-1.896). The signal of osteomyelitis
associated with etidronate was also substantial and statistically
significant (PRR=2.57, ROR=2.565; 95%CI: 1.065-6.176). No data was
available for tiludronate. Figure 3 compared the signals of osteomyelitis
associated with bisphosphonates and other anti-osteoporosis drugs,
such as denosumab and teriparatide. Alendronate plus vitamin D did
not reduce the signal of osteomyelitis associated with alendronate
(P=0.287). Weak, but significant signal of osteomyelitis was detected for
denosumab (PRR=2.38, ROR=2.372; 95%CI: 2.372-2.968,), compared
to that of bisphosphonates (PRR=7.06, ROR=7.118; 95% CI: 6.9387.303).The signal of osteomyelitis associated with teriparatide was
not substantial, and the signal was not pharmacovigilantly significant
(PRR=0.25, ROR= 0.25; 95%CI: 0.205-0.298).

Stratifying analysis for risk of impairing healing and
osteomyelitis by age, sex and time
Bisphosphonates are commonly prescribed for female patients with
postmenopausal osteoporosis and patients over 60 year-old generally
have higher risk of impaired healing and osteomyelitis even without
treatment with bisphosphonates. We stratified the ROR by sex and age
for impaired healing and osteomyelitis associated with alendronate
which has the largest market share of bisphosphonates and has the long
term data. Effect modification was tested by the Breslow–Day test for
homogeneity between odds ratios after stratified analyses. Confounding
was assessed by Mantel–Haenszel (M-H) common odds ratios (Table
3). The ROR for impaired healing and osteomyelitis associated with
alendronate were unevenly distributed among patients 60 year-old
or above and patients less than 60 year-old. The signal of impaired
healing and osteomyelitis associated with alendronate after M-H
age adjustification was significant (Age Adjusted ROR for impaired
healing:2.63; for osteomyelitis:2.38). Similarly, the signal of impaired
healing and osteomyelitis associated with alendronate after M-H sex
adjustification was also significant (Sex Adjusted ROR for impaired
healing:2.49; for osteomyelitis:2.42). Furthermore, we stratified the ROR
of impaired healing and osteomyelitis associated with alendronate over
time from 2004 to 2012. Although the total adverse events reported for
alendronate has been increasing significantly since 2007(Figure 4A),
the annual ROR of impaired healing and osteomyelitis are declining
since 2009 (Figure 4B).

Discussion
For decades bisphosphonate has been the leading class of
pharmacotherapy to prevent and treat osteoclast mediated bone
loss in osteoporosis, Paget disease, multiple myeloma, and bone
complications of metastatic cancers [17]. Accumulating evidence
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Agent

ROR (95% CI)

P -value

PRR

Alendronate

12.109 (11.581-12.662)

<0.0005

12.00

Etidronate

10.173 (5.456-18.967)

<0.0005

10.9

Ibandronate

4.810 (4.207-5.514)

<0.0005

4.80

Pamidronate

7.057 (6.608-7.536)

<0.0005

7.02

Risedronate

8.092 (7.095-9.231)

<0.0005

8.04

Zolendronic Acid

8.849 (8.479-9.235)

<0.0005

8.79

ROR= Reporting odds ratio, PRR= Proportional reporting ratio.
Table 2: Signals of Impaired Healing Associated with Bisphosphonates (First
2004-Quarter to Second 2012-Quarter).

Figure 2: Differential risk of impaired healing associated with bisphosphonates
and non-bisphosphonates. The data were obtained from the FAERS from the
first quarter of 2004 to second quarter of 2012. Risk of bisphosphonates class
was calculated by combining the adverse events of alendronate, risedronate,
ibandronate, zoledronic acid, tiludronate and etidronate.

Figure 3: Differential risk of osteomyelitis associated with bisphosphonates
and non-bisphosphonates. The data were obtained from the FAERS from the
first quarter of 2004 to second quarter of 2012. Risk of bisphosphonates class
was calculated by combining the adverse events of alendronate, risedronate,
ibandronate, zoledronic acid, tiludronate and etidronate. Bisphosphonates,
except ibandronates, demonstrated higher risk of osteomyelitis compared to
non-bisphosphonates.

indicates that substantial and significant risks of bone fractures
and bone necrosis, particularly osteonecrosis of the jaws (ONJ) are
associated with bisphosphonates treatment [18-21]. Assessing the FDA
Adverse Event Reporting System (FAERS) public database from the
first quarter of 2004 to the second quarter of 2012, for the first time we
demonstrated here that there was a significant risk of impaired healing
and osteomylitis associated with the use of bisphosphonates.
All the FDA approved bisphosphonates, such as alendronate,
pamidronate, risedronate, and etidronate, are associated with significant
risk of impaired healing. There are no data available for tilutdronate.
Bisphosphonates preferably bind and accumulate in skeletal sites with
J Pharmacovigilance
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active turnover remodeling, such as the maxillary and mandibular
bones. In physiological condition, sequential activation of osteoclasts
and osteoblasts will heal the open bone wounds during the dental
procedures quickly and without infection. In contrast, for patients
treated with bisphosphonates, especially with large intravenous dose in
cancer patients, the accumulating bisphosphonates will be released after
tooth extraction and sequentially induce apoptosis of osteoclast and
inhibit osteoclast mediated bone resorption in the open bone wound.
Thus accumulating bisphosphonates increase risk of open bone wound
healing and lead to osteomylitis and necrosis of the skeletal sites [22].
All bisphosphonates have different profile of bone mineral binding
capacity and inhibitory effects on osteoclast, which might explain their
differences in efficacy and profile of adverse events.
Angiogenesis plays an essential role in wound healing and
inhibiting angiogenesis impairs wound healing [23]. Numerous in
vitro evidences indicate that bisphosphonates, including ibandronate,
have potential inhibitory effect on angiogenesis [24]. Ibandronate has
less anti-angiogenic effect compared to pamidronate and zolendronate
[25]. This is consistent with our results that ibandronate was associated
with the least risk of impaired healing (PRR=4.80) compared to
higher risks associated with alendronate (PRR=12.00), zoledronic acid
(PRR=8.79), pamidronate (PRR=7.02), and risedronate (PRR=8.04).
Although the mechanisms of impaired healing associated with
bisphosphonates are not well understood, it is well known that delayed
open bone wound healing increases risk of osteomylitis. For the first
time we demonstrated that there was a substantial and statistically
significant risk of osteomylitis associated with pharmacotherapy of
bisphosphonates (except ibandronate) based on the assessment of
adverse events reported to FAERS. Ibandronate had minimal associated
risk of osteomytitis (PRR=1.61), compared to those of alendronate
(PRR=5.57), zoledronic acid (PRR=6.21), pamidronate (PRR=6.01),
and risedronate (PRR=4.48). This result was consistent with the finding
that ibandronate was associated with less risk of impaired healing in
comparison with other bisphosphonates. Furthermore, our data also
indicated that very weak signal of osteomyelitis was associated with
denosumab (PRR=2.38), and no significant risk of osteomyelitis were
detected for teriparatide (PRR=0.25). The mechanism is still unknown.
FAERS provides an important tool for postmarketing surveillance
of less common adverse events associated with pharmacotherapy. The
major limitation of the FAERS is underreporting. There is an urgent
need to develop social media or mobile tools to encourage consumers
and health care professionals to file adverse event report to the FAERS.
In addition, the information in the FAERS can be incomprehensible
and unsearchable for most consumers and health care providers,
since it does not filter, correct, or make any analysis of the quality
or potential bias of inputted data. Because the case reporting for the
FAERS is spontaneous, there are potential limitations of reporting
biases, incomplete reporting, under reporting, and Weber-effect.
Furthermore, significant portion of the adverse events were reported
with incomplete information, such as drug dose, which make the
stratified analysis very difficult [3].
Bisphosphonates are mainly prescribed for female patients with
postmenopausal osteoporosis. In addition, chronic wounds and
associated infection are more frequent in the elderly. Thus, sex and
age are two potential confounding factors that might be associated
with bisphosphonates, impaired healing and osteomyelitis. In this
study the risk analysis was stratified by age (less than 60 year-old vs.
60 year-old and above) and sex for impaired healing and osteomyelitis
associated with alendronate which has the largest market share of
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Factor

Impaired healing
ROR

Osteomyelitis

95% CI

ROR

95% CI

Age
<60

4.16

3.88-4.47

4.18

3.89-4.48

≥60

2.04

1.926-2.18

1.86

1.76-1.97

M-H Age-adjusted analysis*

2.63

2.51-2.75

2.38

2.28-2.49

Female

2.50

2.37-2.62

1.76

1.67-1.85

Male

2.43

2.11-2.80

8.93

8.25-9.66

M-H Sex-adjusted analysis*

2.49

2.37-2.61

2.42

2.32-2.53

Sex

ROR=Reporting odds ratio, *Mantel–Haenszel common odds ratio.
Table 3: Risk of Impaired Healing and Osteomyelitis Associated with Alendronate
Stratified by Age and Sex.

clinicians are more cautious to use bisphosphonates for patients with
risk of chronic wound, especially for long term use.

Conclusion
Since the case reporting for the FAERS is spontaneous, there are
potential limitations of reporting biases, incomplete reporting, under
reporting, and Webb-effect. Although randomized, controlled clinical
trials remain the gold standard to assess pre-market and post-market
drug safety; pharmacovigilance systems like the FAERS plays a critical
role to raise the clinical and public awareness of the potential risks of
impaired healing and osteomylitis associated with biosphosphonates,
especially for long term use and high dose treatment with
bisphosphonates. This study also provided goal for future large scale
pharmacoepidemiologic studies and provided directions for clinical
trials with better control of confounding factors.
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