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ABSTRACT
Introduction Periodontal disease is a chronic oral
infectious disease affecting adults worldwide as well
as a lifestyle-related disease related to diabetes.
Bisphosphonate is a drug often taken by patients with
osteoporosis; however, it reportedly can cause jawbone
necrosis. Due to its mechanism of action on bone tissue,
bisphosphonate has been used topically on periodontal
tissue to treat periodontal disease. However, the long-term
systemic effects of bisphosphonates on periodontal tissues
are unclear. This paper describes a protocol evaluating
the effects of systemic bisphosphonate administration
to prevent periodontal tissue destruction in patients with
periodontal disease. No systematic review has attempted
to summarise the evidence for systemic bisphosphonates
in periodontal therapy. The results of the proposed
systematic review will inform the practice and design of
future clinical trials.
Methods and analysis This paper describes a protocol
for a systematic review of the relevant published analytic
research using an aggregative thematic approach
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols guidelines. Two
authors will perform a comprehensive search for studies
on Medline/PubMed, Scopus, Embase, LILACS and the
Cochrane Central Register of Controlled Trials databases.
Abstract screening, full-text screening and data extraction
will be performed independently by two authors. A meta-
analysis will be conducted as appropriate.
Ethics and dissemination The protocol of this systematic
review will be provided in a peer-reviewed journal. Formal
ethics approval is not necessary because researchers will
not identify individuals in the report.
PROSPERO registration number CRD42020212698
(http://www.crd.york.ac.uk/PROSPERO/).

INTRODUCTION
Description of the condition
Periodontal disease is a chronic inflammatory
disease caused by anaerobic periodontopathic
bacteria, resulting in infection of the periodontal tissues and progressive resorption of
the alveolar bone. Most children worldwide
have symptoms of gingivitis, and many adults
have an early stage of periodontal disease. In
addition, 13.1% of adults aged 35–44 years

Strengths and limitations of this study
► This systematic review protocol complies with the

Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Protocols (PRISMA-P) Checklist.
► This study will be conducted in strict accordance with the recommendations of the Cochrane
Handbook for a systematic review.
► In the preparation of this protocol, our study is registered with the international prospective register of
systematic reviews (PROSPERO).
► It is not possible to provide a comprehensive analysis of all research outputs, including unpublished
papers, such as Grey literature and conference
abstracts.

have a community periodontal index of 4,
which indicates severe periodontitis that can
lead to tooth loss. Aggressive periodontitis in
young people affects 2% of the population
and affects adolescents with early tooth loss.1
Osteoporosis is a skeletal disease characterised by decreased bone strength and an
increased risk of fracture. The decrease in
oestrogen due to menopause promotes bone
resorption and is one of the causes of osteoporosis. Furthermore, it has been reported
that there is a relationship between bone
fragility and metabolic syndromes, such as
diabetes, hypertension, dyslipidaemia and
obesity. The bone fracture risk is reportedly
increased even though bone density is maintained, especially in type 2 diabetes.2 Chronic
obstructive pulmonary disease and chronic
kidney disease can potentially increase the
risk of fracture. In these ageing-
associated
systemic metabolic disorders, it is possible
that weakening of the bone matrix due to
abnormal collagen metabolism, as well as the
decrease in bone mineral, is the aetiology
of osteoporosis. Osteoporosis and associated fractures are a major cause of disease,
disability and death in older people and a
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Description of the intervention
Currently, therapeutic agents for osteoporosis include
bone resorption inhibitors such as bisphosphonates,
anti-
RANKL antibodies, SERM, calcium drugs, female
hormone drugs, active vitamin D preparations and
vitamin K. Bisphosphonates are often used in postmenopausal women as therapeutic agents for osteoporosis.
As an adjunct to conventional periodontal therapy, host
modulatory therapy has been performed experimentally
for several years. In host modulatory therapy, bisphosphonates are administered directly into the periodontal
pocket between the tooth and the gingiva, or as part of
periodontal tissue regeneration therapy, a method of
administering bisphosphonate directly to bone defects
in the jaw during surgery.11 12 However, the effects of
bisphosphonate as a host modulatory therapy in periodontal treatment have not been previously reported.
The present study will focus on the alveolar bone effects
in patients who received systemic bisphosphonates to
treat various diseases such as osteoporosis.
How these drugs might work
Bisphosphonates are the first-
choice drug in treating
osteoporosis and are often used to treat hypercalcaemia,
bone metastasis of malignant tumours, and Paget’s
disease of bone (osteitis deformans). Bisphosphonates
have a high affinity for calcium phosphate and are known
to inhibit osteoclast activity. Bisphosphonates are also
thought to inhibit the activity of matrix metalloproteinases by a mechanism involving the chelation of cations.13
The adjunctive effect of bisphosphonates in the control
of alveolar bone destruction has been demonstrated in
both spontaneous and experimental models in vivo.14 15
However, many cases of bisphosphonate-related osteonecrosis of the jaw have been reported.
Why is this review important?
As noted above, there are many patients with osteoporosis
who are taking bisphosphonates as well as patients with
the periodontal disease worldwide. Previous systematic
2

reviews have examined the effectiveness of bisphosphonates in periodontal treatment.16 17 However, more
recent systematic reviews reported that the older systematic reviews did not consider differences in the route of
bisphosphonate administration, such as systemic administration, intraperiodontal pocket administration and
administration into bone defects during periodontal
surgery. Therefore, past systematic reviews could not
clarify the effectiveness of long-term systemic administration of bisphosphonates for periodontal disease. A few
systematic reviews of bisphosphonates for patients with
periodontal disease have been published; however, no
meta-analysis limited to the effect of systemic bisphosphonate administration in patients with periodontal disease
has been published.

OBJECTIVES
This systematic review and meta-
analysis will examine
the effects of systemic bisphosphonate administration to
prevent the breakdown of periodontal tissue in patients
with periodontal disease.

METHODS AND ANALYSIS
Methods
This protocol is compliant with the standards of the
Preferred Reporting Items for Systematic Review
and Meta-
Analysis Protocols (PRISMA-
P) statement18
and is registered with the International Prospective
Register of Systematic Reviews (PROSPERO) database
(#CRD42020212698; first version: 4 November 2020,
second version: 6 September 2021).19 This study will be
conducted starting in February 2022, with an intended
completion date in September 2022.
Criteria for considering studies for this review
Types of studies
We decided to include randomised, placebo-controlled
trials and individual and cluster randomised controlled
trials (RCTs) with a minimum follow-up of 6 months. We
will exclude non-randomised studies, quasi-RCTs, in vitro
studies, animal studies, extended abstracts and observational studies. The details of the study’s inclusion and
exclusion criteria are shown in online supplemental additional file 1.
Types of participants
We will include adults (≥18 years of age) diagnosed with
periodontal disease. Furthermore, the subjects will be
periodontal patients who are currently taking bisphosphonates for the following illnesses: osteoporosis,
multiple myeloma, Paget’s disease, malignant hypercalcemia, osteogenesis imperfecta, suppression of progressive ectopic ossification after traumatic nerve injury,
severe neuropathy and hip arthroplasty. There were no
restrictions on the choice of patients, depending on their
general condition.
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global problem requiring huge healthcare costs. The
annual number of hip fractures worldwide is estimated
to increase from 1.7 million in 1990 to approximately
6.3 million by 2050. The lifetime risk of osteoporotic fractures in women is approximately 40%. In contrast, the
risk is only 13% in men.3 Globally, however, the incidence
of proximal femur fractures has increased since the 2000
survey in European countries, the USA, Canada, Oceanian countries and Japan.4
Recent advances in drug therapy have made it possible
to reduce the risk of osteoporotic fractures, and it is clear
that bone resorption inhibitors such as bisphosphonates,
antireceptor activators of the NF-kappa B ligand (RANKL)
antibody, and selective oestrogen receptor modulators
(SERMs) lower the increased risk of bone fractures.5 6
Because of its cost-effectiveness, bisphosphonate is widely
used as a therapeutic drug for osteoporosis.7–10

Open access

Types of outcome measures
We will create a table of summary findings on the following
primary and secondary outcomes.
1. Primary outcome
Reduction in probing depth compared with pretreatment (baseline) and post-treatment follow-up. The time
of measurement during follow-up will be recorded.
2. Secondary outcomes
We will also examine the following outcomes at the
same measurement time as the primary outcomes:
► the gain in clinical attachment level,
► changes in bleeding on probing,
► changes in radiographic bone defect fill,
► numbers of missing teeth,
► changes in plaque indices,
► and patient-
reported outcomes including adverse
events.
Search methods for identification of studies
To identify studies for inclusion in this review, the
following electronic databases will be searched for relevant articles published up to November 2021: Medline/
PubMed, Scopus, Embase, LILACS and the Cochrane
Central Register of Controlled Trials. There will not be
any language or publication period limitations on our
searches. Non-
English publications will be translated
by accessing translation services available from Showa
University or staff or doctoral/postdoctoral research
students who are native speakers at Showa University
or St. Luke’s International University. A search strategy
was designed using the advice of a librarian with experience in systematic reviews. Key search terms (MeSH and
keyword terms) will include the following: periodontal
disease, periodontitis, diphosphonates, bisphosphonate
and RCTs. We will perform this search (online supplemental additional file 2) electronically.
Data collection
Selection of studies
We will use Endnote software (EndNoteX9; Thomson
Reuters) to collect citations and remove any duplicate articles. Two authors (YKo and YKa) will independently screen
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titles and abstracts (when available) for all reports obtained
by electronic and manual searches which have been stored in
the software programme. Studies that do not meet the inclusion criteria will be discarded (online supplemental additional file 1), and the reasons for exclusion will be described in
a table. After the initial phase, the authors (YKo and YKa) will
independently review the full-text articles of the remaining
studies for inclusion and exclusion in the final analysis. Any
disagreements will be resolved by discussion and referral to
a third author (TH). The process of study selection will be
demonstrated in the PRISMA flow chart.
Data extraction and management
The two authors will independently perform data
extraction on the following outcomes:
► Study information
– Authors
– Country
– Publication year
– Journal titles
– Other (eg, pharmaceutical sponsorship data)
► Trial period
► Study settings (eg, hospital or clinic, multicentric
study, or single-centre study)
► Study methods
– Study design
– Randomisation method
► Definition of periodontal disease
► Participants:
– Numbers of participants
– Numbers of participants who dropped out
– Eligibility and exclusion criteria
– Age and sex
– Diagnosis of periodontal disease at first examination
– Smoking status (current smoker, past smoker and
never smoker)
– Information of periodontal treatment
– Systemic general condition
► Interventions
– Drug name used (dosage)
– Route of administration
– Administration period
► Control details
► Outcomes
– Primary outcome
– Secondary outcomes
► Analytical methods
► Results
The two authors (YKo and YKa) will resolve disagreements
by discussion and consultation with a third author (TH), if
necessary.
Assessment of risk of bias in included studies
Risk of bias evaluation of all included papers will be
performed by two authors (YKo and YKa) individually using
tools as described in Chapter 8 of the Cochrane Handbook
for Systematic Reviews of Interventions Version 6.2 (updated
February 2021).20 The third author (TH) will resolve any
3
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Types of interventions
We will include studies on the systemic use of administered bisphosphonates in combination with periodontal
therapy. Some patients may not be taking bisphosphonates
systemically for fear of adverse effects. We will include a
control group, that is, patients receiving periodontal
therapy combined with a placebo. The control group will
also include those who received only periodontal therapy
without taking placebo tablets, such as an open trial.
Patients taking vitamin D instead of bisphosphonates
will also be included in the control group. In this study,
periodontal therapy will be defined as non-surgical initial
therapy with some level of subgingival debridement and/
or root plaining and periodontal surgery. The same
protocol will be applied to both test and control groups.
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Strategy for data synthesis
We will perform a meta-
analysis to assess the included
studies’ clinical and methodological diversity and statistical
heterogeneity. We will also use a DerSimonian-
Laird-
type
random-effects model to estimate the pooled effects by meta-
analysis, and account for statistical heterogeneity between the
included studies. For continuous outcomes, we will use the
mean difference or standardised mean difference as appropriate. In addition, for dichotomous outcomes, we will adopt
the risk difference or risk ratio as appropriate. Where quantitative integration is not possible, the results will be analysed
and described. If we can statistically pool the results, we will
provide forest plots to summarise the results of individual
studies. For data synthesis, we use Review Manager (RevMan)
software, V.5.4 (Cochrane Collaboration, Oxford, UK).
Measurement of treatment effect
The mean difference or standardised mean difference and
95% CIs for the difference between the intervention and
comparison groups for continuous outcomes will be calculated as appropriate. In addition, for dichotomous outcomes,
the risk difference or risk ratio and 95% CI will be calculated
as appropriate.
Dealing with missing data
In the case of missing data, we will perform a sensitivity analysis to confirm the impact of including studies with substantial levels (>20%) of missing data in all assessments of the
intervention effect.
Assessment of heterogeneity
Laird-
type random-
effect
We will apply the DerSimonian-
model for synthesis analyses to address heterogeneity
between studies. Statistical heterogeneity among the trials will
be evaluated using the heterogeneity variance τ2, Higgins’ I2
statistic and the Q-statistic (Cochrane’s test). Further, we will
conduct graphical analyses for the forest plots that assess
overlaps of the confidence intervals for individual studies to
find possible heterogeneity. To assess clinical heterogeneity
by potential effect modifiers, we will conduct subgroup analyses or metaregression analyses for five variables indicated in
the Subgroup analysis section. We will consider heterogeneity
significant if p<0.1. We will also consider the following categories of I2 statistics:<25%, 25%–50% and 50%–75%. In the case
of I2 >50, we will examine the heterogeneity using subgroup
regression or metaregression. If we identify the reasons for
heterogeneity, we will report accordingly. If heterogeneity is
not resolved, we will pool the results for I2 between 50% and
75%, and include the note on the heterogeneity. If I2 >75%,
the results will not be pooled. We will pool the outcome data
4

using a random-effect model. We will also use the Distiller
SR and RevMan for data extraction and meta-analysis. We
will show the forest plots to assess statistical heterogeneity,
describing the direction and magnitude of the effect and the
overlap of CIs.
Assessment of reporting biases
We will present the results of a funnel plot to assess publication bias when a meta-analysis is performed in a sufficient
number of studies (more than 10).
Subgroup analysis
If we identify substantial heterogeneity, subsets or
subgroups will be analysed as follows:
► different pathology-
administered bisphosphonates
(osteoporosis, multiple myeloma, Paget’s disease,
malignant hypercalcemia, osteogenesis imperfecta,
suppression of progressive ectopic ossification after
traumatic nerve injury, severe neuropathy and hip
arthroplasty),
21
► duration of the intervention (3 months
vs 6
21–23
24
25 26
27
months,
1 year, 2 years,
and 3 years ),
► different drug/dosages (alendronate vs neridronic
acid, zoledronic acid, and risedronate; alendronate at
10 mg/day23 24 vs 70 mg once per week,22 25 neridronic
acid at 12.5 mg once per week,21 zoledronic acid at
5 mg once per year26 27 vs 5 mg/day and risedronate
at 5 mg/day24),
► difference in periodontal therapy (no treatment (only
oral hygiene instruction)25–27 vs non-
surgical initial
therapy,21–24 periodontal surgery),
23 24 26 27
► study design (double blind
vs open label21).
Sensitivity analysis
We will perform a sensitivity analysis to check the risk for
primary outcomes, excluding studies with a high risk of bias
(allocation concealment and incomplete outcome data).
Summary of findings and assessment of the certainty of the
evidence
We will create a table of summary findings on primary and
secondary outcomes according to the procedure described
in the Cochrane Handbook for Systematic Reviews of Interventions.
We will assess the quality of evidence involved in the primary
outcomes using the Grading of Recommendations Assessment, Development and Evaluation approach.
Patient and public involvement
The protocol of this systematic review will not involve patients
and the public. This study has no plans to involve patients
or the public in the design, implementation, reporting or
dissemination planning.

ETHICS AND DISSEMINATION
The protocol of this systematic review will be
published in a peer-reviewed journal and presented
at relevant national and international conferences.
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disparities between the primary reviewers. Differences in
the assessment of the risk of bias will be resolved by a fourth
reviewer (EO). We will assess the following domains of the risk
of bias: (1) sequence generation, (2) allocation concealment,
(3) blinding of participants and personnel, (4) blinding of
outcome assessment, (5) incomplete outcome data, (6) selective outcome reporting and (7) other biases such as baseline
imbalance.
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