
ABSTRACT

Purpose: Alendronate has been proposed as a local and systemic drug treatment used as 
an adjunct to scaling and root planing (SRP) for the treatment of periodontitis. However, 
its effectiveness has yet to be conclusively established. The purpose of the present meta-
analysis was to assess the effectiveness of SRP with alendronate on periodontitis compared 
to SRP alone.
Methods: Five electronic databases were used by 2 independent reviewers to identify relevant 
articles from the earliest records up to September 2016. Randomized controlled trials (RCTs) 
comparing SRP with alendronate to SRP with placebo in the treatment of periodontitis were 
included. The outcome measures were changes in bone defect fill, probing depth (PD), and 
clinical attachment level (CAL) from baseline to 6 months. A fixed-effect or random-effect 
model was used to pool the extracted data, as appropriate. Mean differences (MDs) with 95% 
confidence intervals (CIs) were calculated. Heterogeneity was assessed using the Cochrane χ2 
and I2 tests.
Results: After the selection process, 8 articles were included in the meta-analysis. Compared 
with SRP alone, the adjunctive mean benefits of locally delivered alendronate were 38.25% 
for bone defect fill increase (95% CI=33.05%–43.45%; P<0.001; I2=94.0%), 2.29 mm for 
PD reduction (95% CI=2.07–2.52 mm; P<0.001; I2=0.0%) and 1.92 mm for CAL gain (95% 
CI=1.55–2.30 mm; P<0.001; I2=66.0%). In addition, systemically administered alendronate 
with SRP significantly reduced PD by 0.36 mm (95% CI=0.18–0.55 mm; P<0.001; I2=0.0%) 
and increased CAL by 0.39 mm (95% CI=0.11–0.68 mm; P=0.006; I2=6.0%).
Conclusions: The collective evidence regarding the adjunctive use of alendronate locally and 
systemically with SRP indicates that the combined treatment can improve the efficacy of 
non-surgical periodontal therapy on increasing CAL and bone defect fill and reducing PD. 
However, precautions must be exercised in interpreting these results, and multicenter studies 
evaluating this specific application should be carried out.
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INTRODUCTION

Periodontitis is a multifactorial disease that is primarily caused by subgingival communities 
of bacteria such as Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, and Bacterium 
forsythus [1]. These periodontal pathogenic microorganisms can cause direct damage to the 
periodontium or indirectly trigger host immune inflammatory responses leading to the 
loss of connective tissue attachment and alveolar bone and eventual tooth loss [2]. Classic 
research studies demonstrated that scaling and root planing (SRP), which is an anti-infective 
procedure, can reduce bacteria supra-gingivally and sub-gingivally and is effective for the 
treatment of periodontitis [3-5]. However, the limitations of local anatomical factors [3-5] 
and poor host resistance [6,7] can restrict the effectiveness of periodontal repair following 
SRP. Even if inflammation is controlled and the progressive bone loss is effectively stopped, 
the complete regeneration of functional periodontal tissue is still limited.

Most of the destruction of the extracellular matrix of the gingiva and bone in periodontitis 
is caused by the direct action of host-derived cytokines, enzymes, and some other mediators 
[7]. The host response is believed to play an essential role in the breakdown of connective 
tissue and alveolar bone loss, which are key features of the disease process [8]. Therefore, 
the use of anti-resorptive drugs to control and modulate the host response may provide 
an effective adjuvant therapy to stimulate the regeneration of lost periodontal tissue [9]. 
Bisphosphonates are structurally similar to pyrophosphate, which is a component of human 
metabolism and they are known to inhibit osteoclastic bone resorption [10]. These molecules 
exhibit highly specific binding to the Ca2+ ions of hydroxyapatite crystals which prevents 
them from being dissolved by interfering with osteoclast function [11]. This property has led 
to their use in the treatment of various diseases associated with increased bone resorption, 
such as osteoporosis, Paget disease, and hypercalcemia caused by malignancies or estrogen 
deficiency [12-15]. Alendronate is a novel bisphosphonate that contains a terminal amino 
group and is classified as an aminobisphosphonate [16]. Due to its ability to influence 
osteoblasts, osteoclasts, its anti-inflammatory [13], and antimicrobial properties [17], several 
animal and clinical studies have been performed to investigate whether alendronate has a 
beneficial influence on tissue reparation in periodontitis. However, the quality of these trials 
varied tremendously, the sample sizes were small, and the results were also inconsistent. Its 
effectiveness still remains to be established, and to date, no relevant systematic quantitative 
evaluations using a meta-analysis approach have been performed.

Therefore, the objective of our study was to conduct a meta-analysis to evaluate the 
effectiveness of adjunctive alendronate for the treatment of periodontitis compared with SRP 
alone in terms of clinical and radiographic parameters.

MATERIALS AND METHODS

Search strategy
Searches were conducted in the electronic databases PubMed, EMBASE, the Cochrane 
Central Register of Controlled Trials, the Cochrane Database of Systematic Reviews, Web of 
Science, and Science Direct, including results published as of September 26, 2016. For the 
PubMed library, combinations of controlled terms (MeSH and EMTREE) and keywords were 
used whenever possible. To minimize potential reviewer bias, 2 reviewers (Jin Chen and Qian 
Chen) designed and assessed the proposal for the present project to ensure that the Preferred 
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Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18,19] 
were followed during the screening process. PubMed was searched using the following 
search format with Boolean operators and an asterisk (*) as a truncation: (“Periodontitis” 
[Mesh] OR “Periodontal Diseases” [Mesh] OR “Periodontal Pocket” [Mesh] OR “Periodontal 
Attachment Loss” [Mesh] OR periodontitis OR periodontal disease* OR periodontal osseous 
defects OR periodontal pocket* OR pocket depth OR attachment loss OR clinical attachment 
level OR alveolar bone loss OR bone defect fill OR bone defect depth OR periodontal non-
surgical treatment OR periodontal non-surgical therapy OR scaling root planing OR dental 
scaling OR periodontal treatment OR periodontal therapy OR calculus remov* OR calculus 
debridement OR dental debridement OR periodontal debridement OR “Dental Scaling” 
[Mesh] OR “Root Planing” [Mesh] OR “Dental Prophylaxis” [Mesh]) AND (Alendronate 
[Mesh] OR Alendronate OR ALN). The retrieval methods for the other databases were 
adjusted appropriately based on the above terms.

Inclusion and exclusion criteria
Studies were included if they were randomized controlled trials (RCTs) conducted in 
humans who were diagnosed with periodontitis that compared SRP with alendronate to SRP 
alone and included a follow-up period of at least 6 months. Studies were excluded if they 
incorporated surgical periodontal treatment and/or the use of alendronate in combination 
with an additional regenerative bone graft material.

Data extraction and quality assessment
Data were extracted by 2 independent reviewers (Jin Chen and Qian Chen). Disagreements 
were resolved through discussion to reach a consensus. The data from the papers that met 
the selection criteria were extracted and processed for analysis. The following data were 
extracted from the included studies: study design; periodontal disease type; health status; 
study population; number, gender, and age of participants; type of intervention; adverse 
events; important outcomes; and length of follow-up.

Quality assessment of the studies was performed by focusing on the methodological topics 
highlighted by Higgins and Green [20] in the Cochrane Collaboration tool for assessing 
the risk of bias. Using this approach, we assessed the following 7 issues in RCTs: random 
sequence generation, allocation concealment, blinding of participants and personnel, 
blinding of outcome assessors, handling of incomplete outcome data, selective outcome 
reporting, and other sources of bias. A low risk of bias was assigned if all criteria were met, a 
moderate risk of bias was assigned if 1 of these 7 criteria was not satisfied, and a high risk of 
bias was assigned if 2 or more of these criteria were not satisfied.

Statistical analysis
A meta-analysis was performed using the Review Manager 5.3 software (RevMan Version 
5.3 for Windows, the Nordic Cochrane Centre, the Cochrane Collaboration, Copenhagen, 
Denmark) by 2 authors (Jin Chen and Qian Chen). The results were estimated and reported 
as mean differences (MDs) with 95% confidence intervals (CIs). Either a fixed-effect or a 
random-effect model (in the presence of heterogeneity) was used to calculate the overall 
effect size. The level of significance was set at P<0.05. Heterogeneity between the studies was 
tested and evaluated with the Q and I2 tests with significance set at P<0.1. However, due to 
the moderate insensitivity of the Q statistic, only an I2 value lower than 50% was considered 
a reliable indicator of the absence of heterogeneity [20]. If heterogeneity existed, subgroup 
analyses were performed according to variance in health status (health or diabetes mellitus) 
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and disease patterns (chronic periodontitis, aggressive periodontitis, or furcation defects). 
We also conducted a sensitivity analysis using STATA (Version 12.0, Stata Corp., College 
Station, TX, USA) to explore the stability of our results. Publication bias was not assessed 
by a funnel plot in our meta-analysis due to the small number of studies. It was likewise not 
possible to use the Begg test and Egger test for publication bias due to insufficient statistical 
power resulting from the inclusion of fewer than 10 studies [20].

RESULTS

Study selection
Initially, 483 non-overlapping titles were identified in the electronic search. After the 
exclusion of duplicates, 293 articles were selected. Titles and abstracts were screened by 2 
reviewers and the full text of the remaining 14 articles was then obtained. Based on a careful 
reading of the full-text articles, 6 articles were excluded. The full text of the remaining 8 
articles [21-28] was analyzed for methodological quality and the availability of data for the 
meta-analysis. Finally, these 8 studies were identified as meeting the criteria for inclusion 
in this meta-analysis. The main characteristics of the 8 included studies are summarized in 
Table 1. A flowchart for the study selection process is given in Figure 1.
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Table 1. Characteristics of the included studies (n=8)
Reference Study design, 

blinding
Location Subjects' 

health status
Participants 

(sites)
Gender/age 

(yr)
Smokers Intervention Adverse 

events
Outcomes and 

follow-up
Pradeep et al. 
[25]

RCT, parallel, 
double-blind

India Chronic 
periodontitis, 
healthy

104 
(104)

53 M, 51 F/
30–50

No
smokers

Test 1: SRP+L1 No adverse 
events

PD, CAL (0, 3, 6, and 
9 months); 
DDR% (6 and 9 
months)

Test 2: SRP+L2
Control: 
SRP+placebo

Pradeep et al. 
[21]

RCT, parallel, 
double-blind

India Class II furcation 
defects, healthy

69 
(69)

37 M, 32 F/
30–50

No
smokers

Test: SRP+L1 No adverse 
events

PD, CAL (3, 6, and 12 
months); 
bone defect fill (6 
and 12 months)

Control: 
SRP+placebo

Sharma and 
Pradeep 
[22]

RCT, parallel, 
double-blind

India Chronic 
periodontitis, 
healthy

73 
(73)

39 M, 34 F/
30–50

No
smokers

Test: SRP+L1 No adverse 
events

PD, CAL (0, 2, and 6 
months); 
bone defect fill (0 
and 6 months)

Control: 
SRP+placebo

Sharma and 
Pradeep 
[23]

RCT, parallel, 
double-blind

India Aggressive 
periodontitis, 
healthy

20 
(62)

12 M, 8 F/
20–35

No
smokers

Test: SRP+L1 No adverse 
events

PD, CAL (0, 2, and 6 
months); 
bone defect fill (0 
and 6 months)

Control: 
SRP+placebo

Pradeep et al. 
[24]

RCT, parallel, 
double-blind

India Chronic 
periodontitis, 
type 2 diabetes 
mellitus

43 
(78)

23 M, 20 F/
30–50

No
smokers

Test: SRP+L1 No adverse 
events

PD, CAL (0, 2, and 6 
months); 
bone defect fill (0 
and 6 months)

Control: 
SRP+placebo

Lane et al. 
[26]

RCT, parallel, 
double-blind

USA Chronic 
periodontitis, 
healthy

66
 (9,774)

37 M, 29 F/
Mean age: 
Test: 48.2±12.8, 
Control: 46.8±11.5

80.3% 
smokers

Test: SRP+S1 Test: 87% PD, CAL (0, 6, and 
12 months)Control: 

SRP+placebo
Control: 68%

Rocha et al. 
[28]

RCT, parallel, 
double-blind

Mexico Chronic 
periodontitis, 
at least 1 year 
postmenopausal

40 
(unknown)

40 F/
55–65

No
smokers

Test: SRP+S2 No statistical 
analysis

PD, CAL (0 and 6 
months)Control: 

SRP+placebo

Rocha et al. 
[27]

RCT, parallel, 
double-blind

Mexico Chronic 
periodontitis, 
type 2 diabetes 
mellitus

40 
(unknown)

20 M, 20 F/
50–60

No
smokers

Test: SRP+S2 No statistical 
analysis

PD, CAL (0 and 6 
months)Control: 

SRP+placebo

RCT, randomized controlled trial; SRP, scaling and root planing; L1, local delivery of 1% alendronate gel; L2, local delivery of 1.2% atorvastatin gel; S1, systemic 
administration of alendronate (10 mg/day) or risedronate (5 mg/day); S2, systemic administration of alendronate (10 mg/day); PD, probing depth; CAL, clinical 
attachment level; DDR%, defect depth reduction.
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Characteristics and quality assessment of the included studies
The 8 RCTs included in the study compared SRP with alendronate to SRP with placebo for 
the treatment of patients with periodontitis. All studies used parallel, double-blinded, and 
placebo-controlled designs. A follow-up period of 6 months was included in all articles. All 
studies reported measures of probing depth (PD) reduction and clinical attachment level 
(CAL) gain, and 5 studies also reported bone defect fill gain in response to local drug delivery.

The quality assessment values are presented in Figure 2. Allocation concealment was 
adequate in 4 articles [21,25,27,28] and was not mentioned in the other 4 included articles. 
Detection bias was also not mentioned in 1 study [26]. The rest of the quality assessment 
values were considered adequate in all included trials. Based on a summary of these criteria, 
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Duplicates
removed (n=190)

Excluded by title
and abstract (n=279)

Articles excluded 
after full reading (n=6)

After duplicates removed (n=293)

Electronic retrieval (n=483)

Full-text screen (n=14)

Articles included (n=8)

Figure 1. Search and selection results.

Lane et al. [26]

Pradeep et al. [24]

Pradeep et al. [21]

Pradeep et al. [25]

Rocha et al. [27]

Rocha et al. [28]

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Sharma and Pradeep [22]

Sharma and Pradeep [23]

−
−

−
−

+ + + + +
+ + + + + +
+ + + + + + +
+ + + + + + +
+ + + + + + +
+ + + + + + +
+ + + + + +
+ + + + + +

?

Figure 2. Risk of bias graph: the review authors' judgements about each risk of bias item for each included study. 
Green, yellow and red refer to low risk of bias, unclear risk of bias and high risk of bias, respectively.
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the estimated potential risk of bias was low in 4 studies [21,25,27,28] whereas the other 3 [22-
24] showed a moderate risk of bias and 1 showed a high risk of bias [26].

Meta-analysis

Bone defect fill
The results of the meta-analysis revealed that patients who received SRP with local 
alendronate showed significantly greater improvements in bone defect fill from baseline to 6 
months of follow-up than patients who received SRP with placebo. The MD of the bone defect 
fill improvement was 38.25% (95% CI=33.05%–43.45%; P<0.001; Figure 3) and substantial 
heterogeneity was observed (P<0.001; I2=94.0%).

In our subgroup analysis, the overall effects of local alendronate according to different health 
statuses (bone defect fill, I2=79.1%; Figure 4) and the disease types (bone defect fill, I2=97.1%; 
Figure 5) showed high degrees of heterogeneity between studies.

Probing depth
Significant differences were found for PD reduction in locally and systemically administrated 
alendronate. The MD of PD reduction was 2.29 mm locally (95% CI=2.07–2.52 mm; P<0.001; 
Figure 6) and 0.36 mm systemically (95% CI=0.18–0.55 mm; P<0.001; Figure 7). The 
presented data did not show a significant level of heterogeneity in the changes in PD locally 
(P=0.930; I2=0.0%) or systemically (P=0.450; I2=0.0%).

Clinical attachment level
Significant differences were found in CAL gain between locally and systemically administered 
alendronate. The MD of CAL gain was 1.92 mm locally (95% CI=1.55–2.30 mm; P<0.001; 
Figure 8) and 0.39 mm systemically (95% CI=0.11–0.68 mm; P<0.001; Figure 9). Substantial 
heterogeneity was found in the changes in CAL after local administration (P<0.001; 
I2=66.0%), but not after systemic administration (P=0.340; I2= 6.0%). The overall effects of 
local alendronate in all of the subgroup analyses showed a low degree of heterogeneity (CAL, 
I2=0.0%; Figures 10 and 11) among the studies.

Sensitivity analysis
Substantial heterogeneity can be seen in Figures 3 and 8 (I2=94.0% and I2= 66.0%, 
respectively). To explore the stability of the results across studies, we performed a sensitivity 
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-50 -25 0 25 50
Favors [experimental] Favors [control]

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Pradeep et al. [24] 44.20 11.78 34 2.80 1.61 36 19.2% 41.40 (37.41, 45.39)

Pradeep et al. [21] 32.11 6.18 30 2.71 0.61 30 20.8% 29.40 (27.18, 31.62)

Pradeep et al. [25] 40.87 2.73 30 1.86 3.56 30 21.2% 39.01 (37.40, 40.62)

Sharma and Pradeep [22] 40.40 11.71 33 2.50 1.02 33 19.2% 37.90 (33.89, 41.91)

Sharma and Pradeep [23] 46.10 9.48 26 2.00 1.20 26 19.5% 44.10 (40.43, 47.77)

Total (95% CI) 153 155 100.0% 38.25 (33.05, 43.45)

Heterogeneity: Tau2=32.47; χ2=70.12, df=4 (P<0.001); I2=94.0%

Test for overall effect: Z=14.42 (P<0.001)

Figure 3. Forest plot from random effects of meta-analysis evaluating the difference in percentage of bone defect fill 6 months after SRP treatment with local 
alendronate.
SRP, scaling and root planing; SD, standard deviation; CI, confidence interval; IV, inverse variance method.
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-50 -25 0 25 50
Favors [experimental] Favors [control]

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

1.6.1 Health

Pradeep et al. [21] 32.11 6.18 30 2.71 0.61 30 25.6% 29.40 (27.18, 31.62)

Pradeep et al. [25] 40.87 2.73 30 1.86 3.56 30 49.1% 39.01 (37.40, 40.62)

Sharma and Pradeep [22] 40.40 11.71 33 2.50 1.02 33 7.9% 37.90 (33.89, 41.91)

Sharma and Pradeep [23] 46.10 9.48 26 2.00 1.20 26 9.4% 44.10 (40.43, 47.77)

Subtotal (95% CI) 119 119 92.1% 36.76 (35.58, 37.93)

Heterogeneity: χ2=65.34, df=3 (P<0.001); I2=95.0%

Test for overall effect: Z=61.42 (P<0.001)

1.6.2 Diabetes mellitus

Pradeep et al. [24] 44.20 11.78 34 2.80 1.61 36 7.9% 41.40 (37.41, 45.39)

Subtotal (95% CI) 34 36 7.9% 41.40 (37.41, 45.39)

Heterogeneity: Not applicable

Text for overall effect: Z=20.31 (P<0.001)

Total (95% CI) 153 155 100.0% 37.13 (36.00, 38.25)

Heterogeneity: χ2=70.12, df=4 (P<0.001); I2=94.0%

Test for overall effect: Z=64.65 (P<0.001)

Test for subgroup differences: χ2=4.78, df=1 (P=0.030); I2=79.1%

Figure 4. Forest plot from random effects of subgroup meta-analysis for the comparison of bone defect fill gain among selected studies in patients with and 
without systemic disease.
SD, standard deviation; CI, confidence interval; IV, inverse variance method.

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.8.1 Chronic periodontitis

Pradeep et al. [24] 44.20 11.78 34 2.80 1.61 36 19.2% 41.40 (37.41, 45.39)

Pradeep et al. [25] 40.87 2.73 30 1.86 3.56 30 21.2% 39.01 (37.40, 40.62)

Sharma and Pradeep [22] 40.40 11.71 33 2.50 1.02 33 19.2% 37.90 (33.89, 41.91)

Subtotal (95% CI) 97 99 59.6% 39.17 (37.77, 40.56)

Heterogeneity: Tau2=0.00; χ2=1.62, df=2 (P=0.440); I2=0.0%

Test for overall effect: Z=54.98 (P<0.001)

1.8.2 Aggressive periodontitis

Sharma and Pradeep [23] 46.10 9.48 26 2.00 1.20 26 19.5% 44.10 (40.43, 47.77)

Subtotal (95% CI) 26 26 19.5% 44.10 (40.43, 47.77)

Heterogeneity: Not applicable

Text for overall effect: Z=23.53 (P<0.001)

1.8.3 Class II furcation defects

Pradeep et al. [21] 32.11 6.18 30 2.71 0.61 30 20.8% 29.40 (27.18, 31.62)

Subtotal (95% CI) 30 30 20.8% 29.40 (27.18, 31.62)

Heterogeneity: Not applicable 

Text for overall effect: Z=25.93 (P<0.001)

Total (95% CI) 153 155 100.0% 38.25 (33.05, 43.45)

Heterogeneity: Tau2=32.47; χ2=70.12, df=4 (P<0.001); I2=94.0%

Test for overall effect: Z=14.42 (P<0.001)

Test for subgroup differences: χ2=68.49, df=2 (P<0.001); I2=97.1%

-50 -25 0 25 50
Favors [experimental] Favors [control]

Figure 5. Forest plot from random effects of subgroup meta-analysis for the comparison of bone defect fill gain among selected studies for different disease types.
SD, standard deviation; CI, confidence interval; IV, inverse variance method.
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Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Lane et al. [26] 0.47 1.15 41 0.44 1.07 25 11.3% 0.03 (−0.52, 0.58)

Rocha et al. [27] 1.29 0.69 20 0.87 0.71 20 18.0% 0.42 (−0.01, 0.85)

Rocha et al. [28] 0.80 0.30 20 0.40 0.40 20 70.7% 0.40 (0.18, 0.62)

Total (95% CI) 81 65 100.0% 0.36 (0.18, 0.55)

Heterogeneity: χ2=1.60, df=2 (P=0.450); I2=0.0%

Test for overall effect: Z=3.85 (P<0.001)
-2 -1 0 1 2

Favors [experimental] Favors [control]

Figure 7. Forest plot from the fixed-effect meta-analysis evaluating the difference in PD reduction 6 months after SRP treatment with systemic alendronate.
PD, probing depth; SRP, scaling and root planing; SD, standard deviation; CI, confidence interval; IV, inverse variance method.

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Sharma and Pradeep [23] 3.88 1.39 26 1.65 1.35 26 9.5% 2.23 (1.49, 2.97)

Pradeep et al. [24] 4.56 1.73 34 2.36 0.59 36 14.1% 2.20 (1.59, 2.81)

Sharma and Pradeep [22] 4.48 1.27 33 2.15 1.12 33 15.8% 2.33 (1.75, 2.91)

Pradeep et al. [25] 3.56 1.13 30 1.06 0.90 30 19.7% 2.50 (1.98, 3.02)

Pradeep et al. [21] 3.83 0.70 30 1.60 0.72 30 40.9% 2.23 (1.87, 2.59)

Total (95% CI) 153 155 100.0% 2.29 (2.07, 2.52)

Heterogeneity: χ2=0.87, df=4 (P=0.930); I2=0.0%

Test for overall effect: Z=19.58 (P<0.001)
-4 -2 0 2 4

Favors [experimental] Favors [control]

Figure 6. Forest plot from the fixed-effect meta-analysis evaluating the difference in PD reduction 6 months after SRP treatment with local alendronate.
PD, probing depth; SRP, scaling and root planing; SD, standard deviation; CI, confidence interval; IV, inverse variance method.

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Sharma and Pradeep [23] 3.27 1.11 26 1.42 1.70 26 13.2% 1.85 (1.07, 2.63)

Pradeep et al. [25] 2.33 1.34 30 1.16 0.94 30 17.7% 1.17 (0.58, 1.76)

Pradeep et al. [24] 3.59 1.21 34 1.61 0.69 36 21.1% 1.98 (1.52, 2.44)

Sharma and Pradeep [22] 4.03 0.84 33 1.61 0.86 33 22.8% 2.42 (2.01, 2.83)

Pradeep et al. [21] 3.23 0.63 30 1.23 0.68 30 25.2% 2.00 (1.67, 2.33)

Total (95% CI) 153 155 100.0% 1.92 (1.55, 2.30)

Heterogeneity: Tau2=0.11; χ2=11.88, df=4 (P=0.020); I2=66.0%

Test for overall effect: Z=10.15 (P<0.001)
-2 -1 0 1 2

Favors [experimental] Favors [control]

Figure 8. Forest plot from the random-effect meta-analysis evaluating the difference in CAL gain 6 months after SRP treatment with local alendronate.
CAL, clinical attachment level; SRP, scaling and root planing; SD, standard deviation; CI, confidence interval; IV, inverse variance method.

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Lane et al. [26] 0.47 1.26 41 0.47 1.18 25 22.2% 0.00 (−0.60, 0.60)

Rocha et al. [27] 1.31 0.64 20 0.79 0.72 20 45.1% 0.52 (0.10, 0.94)

Rocha et al. [28] 0.99 0.80 20 0.50 0.80 20 32.7% 0.49 (−0.01, 0.99)

Total (95% CI) 81 65 100.0% 0.39 (0.11, 0.68)

Heterogeneity: χ2=2.13, df=2 (P=0.340); I2=6.0%

Test for overall effect: Z=2.73 (P=0.006)
-4 -2 0 2 4

Favors [experimental] Favors [control]

Figure 9. Forest plot from the random-effect meta-analysis evaluating the difference in CAL gain 6 months after SRP treatment with systemic alendronate.
CAL, clinical attachment level; SRP, scaling and root planing; SD, standard deviation; CI, confidence interval; IV, inverse variance method.
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Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.13.1 Health

Pradeep et al. [21] 3.23 0.63 30 1.23 0.68 30 25.2% 2.00 (1.67, 2.33)

Pradeep et al. [25] 2.33 1.34 30 1.16 0.94 30 17.7% 1.17 (0.58, 1.76)

Sharma and Pradeep [23] 3.27 1.11 26 1.42 1.70 26 13.2% 1.85 (1.07, 2.63)

Sharma and Pradeep [22] 4.03 0.84 33 1.61 0.86 33 22.8% 2.42 (2.01, 2.83)

Subtotal (95% CI) 119 119 78.9% 1.90 (1.41, 2.39)

Heterogeneity: Tau2=0.18; χ2=11.88, df=3 (P=0.008); I2=75.0%

Test for overall effect: Z=7.60 (P<0.001)

1.13.2 Diabetes mellitus

Pradeep et al. [24] 3.59 1.21 34 1.61 0.69 36 21.1% 1.98 (1.52, 2.44)

Subtotal (95% CI) 34 36 21.1% 1.98 (1.52, 2.44)

Heterogeneity: Not applicable

Text for overall effect: Z=8.35 (P<0.001)

Total (95% CI) 153 155 100.0% 1.92 (1.55, 2.30)

Heterogeneity: Tau2=0.11; χ2=11.88, df=4 (P=0.020); I2=66.0%

Test for overall effect: Z=10.15 (P<0.001)

Test for subgroup differences: χ2=0.06, df=1 (P=0.810); I2=0.0%

-4 -2 0 2 4
Favors [experimental] Favors [control]

Figure 10. Forest plot from the fixed-effect subgroup meta-analysis for the comparison of CAL gain among selected studies of patients with and without 
systemic disease.
CAL, clinical attachment level; SD, standard deviation; CI, confidence interval; IV, inverse variance method.

Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.14.1 Chronic periodontitis

Pradeep et al. [24] 3.59 1.21 34 1.61 0.69 36 21.1% 1.98 (1.52, 2.44)

Pradeep et al. [25] 2.33 1.34 30 1.16 0.94 30 17.7% 1.17 (0.58, 1.76)

Sharma and Pradeep [22] 4.03 0.84 33 1.61 0.86 33 22.8% 2.42 (2.01, 2.83)

Subtotal (95% CI) 97 99 61.6% 1.88 (1.21, 2.56)

Heterogeneity: Tau2=0.29; χ2=11.75, df=2 (P=0.003); I2=83.0%

Test for overall effect: Z=5.47 (P<0.001)

1.14.2 Agressive periodontitis

Sharma and Pradeep [23] 3.27 1.11 26 1.42 1.70 26 13.2% 1.85 (1.07, 2.63)

Subtotal (95% CI) 26 26 13.2% 1.85 (1.07, 2.63)

Heterogeneity: Not applicable

Text for overall effect: Z=4.65 (P<0.001)

1.14.3 Class II furcation defects

Pradeep et al. [21] 3.23 0.63 30 1.23 0.68 30 25.2% 2.00 (1.67, 2.33)

Subtotal (95% CI) 30 30 25.2% 2.00 (1.67, 2.33)

Heterogeneity: Not applicable

Text for overall effect: Z=11.82 (P<0.001)

Total (95% CI) 153 155 100.0% 1.92 (1.55, 2.30)

Heterogeneity: Tau2=0.11; χ2=11.88, df=4 (P=0.020); I2=66.0%

Test for overall effect: Z=10.15 (P<0.001)

Test for subgroup differences: χ2=0.18, df=2 (P=0.910); I2=0.0%

-4 -2 0 2 4
Favors [experimental] Favors [control]

Figure 11. Forest plot from the fixed-effect subgroup meta-analysis for the comparison of CAL gain among selected studies for different disease types.
CAL, clinical attachment level; SD, standard deviation; CI, confidence interval; IV, inverse variance method.
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analysis. The overall effect size of the results did not change significantly after repeatedly 
excluding a single trial in turn from the analysis, which suggested that the results were 
statistically stable and reliable (Figures 12 and 13).

DISCUSSION

Due to its ability to modulate the host response and inhibit the action of osteoclasts, 
alendronate has been well received by periodontal practitioners as a promising adjunctive 
technique with SRP for the treatment of periodontitis. It has been shown that locally delivered 
alendronate with SRP was more effective in the treatment of periodontitis than SRP alone. 
However, some previous publications have presented inconsistencies in the effectiveness of 
systemic alendronate as an adjunct to non-surgical treatment; some showed that systemic 
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Pradeep et al. [25]

Pradeep et al. [21]

Pradeep et al. [24]

Meta-analysis estimates, given named study is omitted
Estimate Upper CI limitLower CI limit

6.986.285.755.214.83

Sharma and Pradeep [22]

Sharma and Pradeep [23]

Figure 12. Sensitivity analysis for the percentage of bone defect fill 6 months after SRP treatment with local 
alendronate. 
SRP, scaling and root planing; CI, confidence interval.

Pradeep et al. [25]

Pradeep et al. [21]

Sharma and Pradeep [22]

Sharma and Pradeep [23]

Pradeep et al. [24]

Meta-analysis estimates, given named study is omitted
Estimate Upper CI limitLower CI limit

2.502.151.871.601.38

Figure 13. Sensitivity analysis for CAL gain 6 months after SRP treatment with local alendronate.
CAL, clinical attachment level; SRP, scaling and root planing; CI, confidence interval.
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alendronate as an adjunctive treatment improved clinical outcomes, while others did not [26-
28]. Therefore, a systemic assessment of the literature on this subject is needed.

Our meta-analysis showed that locally delivered alendronate with SRP, compared with SRP 
alone, significantly increased bone defect fill increase by 38.25% (95% CI=33.05%–43.45%), 
reduced PD by 2.29 mm (95% CI=2.07–2.52 mm) and increased CAL by 1.92 mm (95% 
CI=1.55–2.30 mm). In addition, systemically administered alendronate with SRP, compared 
with SRP alone, significantly reduced PD by 0.36 mm (95% CI=0.18–0.55 mm) and increased 
CAL by 0.39 mm (95% CI=0.11–0.68 mm). These findings show that both the local and 
systemic utilization of alendronate could improve the efficacy of SRP in patients with 
periodontitis. However, it should be emphasized that although alendronate has a good safety 
record, recent reports indicate that systemic alendronate may have some side effects, such 
as osteonecrosis of the jaws [29]. Thus, when considering the use of systemic alendronate 
therapy, its potential dangers should also be kept in mind.

Over the years, studies on the mechanisms of action of alendronate have characterized its 
modulation of periodontal hard and soft tissue healing. In hard tissue healing, it primarily 
inhibits the receptor activator of nuclear factor kappa B (RANK) signaling pathway and 
macrophage colony-stimulating factor (M-CSF) expression, leading to reduced osteoclast 
formation and bone resorptive capacity [30]. In soft tissue healing, it acts as a wound-
healing enhancer with anti-inflammatory and antimicrobial biological properties. On one 
hand, the reduction of neutrophil infiltration in the inflamed gingivae and the release of 
proinflammatory cytokines such as interleukin-6 and matrix metalloproteinase may reduce 
the soft tissue lesions [31]. On the other hand, the reduction of the periodontal pocket and 
direct antibacterial activity may also contribute to the antibacterial activity of alendronate [17, 
31]. This biological mechanism provides plausible evidence for the effect of alendronate on 
wound healing in periodontal defects.

The risk of bias and heterogeneity are of utmost importance when conducting a meta-analysis 
of the literature. Four of the studies we included were considered to have a low risk of bias 
[21,25,27,28]. The other 3 studies had a moderate risk of bias based on the descriptions of 
patient allocations to each group and 1 showed a high risk of bias [22-24,26]. Formal testing for 
publication bias could not be performed due to the limited number of articles. The small size of 
the included trials may underpower this type of analysis; therefore, the risk of publication bias 
remains possible in this field of research [20]. The substantial level of heterogeneity (I2=94.0% 
for bone defect fill and I2=66.0% for CAL) in locally delivered alendronate made it prudent 
to use part of the data as a demonstration of the extent of the differences between therapies. 
The observed heterogeneity in bone defect fill and CAL among local trials could be attributed 
to differences in diagnostic criteria, severity of disease, health status, gender ratio, and the 
number of sites examined in each subject. The subgroup meta-analysis suggested that health 
status and disease types were not associated with a significant degree of heterogeneity among 
studies for CAL, but these factors did show a significant degree of heterogeneity for bone 
defect fill, which may have been responsible for the high heterogeneity among trials. Due to the 
paucity of studies that were included, we were not able to consider some of these factors further 
for a subgroup analysis or meta-regression. In the sensitivity analysis, the overall effect size of 
the results did not change significantly when the meta-analysis estimates were computed by 
omitting one study in each round, which confirmed the stability of the results. Since all of the 
results of the included articles were in favor of the conclusion, we were still able to conclude 
that local alendronate led to additional significant effects on bone defect fill and CAL.
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Some limitations of the present study should be recognized. First, only 8 studies were eligible 
for inclusion in the meta-analysis, and all 5 of the studies on locally delivered alendronate 
were from the same organization, which limits the generalizability of the results. Second, 
the original papers did not differentiate between aggressive and chronic periodontitis. 
Since furcation defects are typically derived from the progression of chronic or aggressive 
periodontitis and have characteristics that are similar to periodontitis, this disease was 
also included in our review. Hence, discrepancies in the diagnostic criteria and severity of 
disease among studies might have influenced the results. Finally, the power of formal tests 
was limited in this meta-analysis due to the small number of studies, meaning that potential 
publication bias might have influenced our findings.

In conclusion, the results of this meta-analysis of RCTs provide evidence that both the 
local and systemic utilization of alendronate as an adjunct therapy to SRP can significantly 
enhance the therapeutic effectiveness of SRP in treating periodontitis. However, given the 
limitations of our study, precautions must be exercised when interpreting the results. More 
definitive multicenter RCTs are needed to assess the effectiveness of alendronate application 
in periodontitis and to obtain stronger conclusions in this regard.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge Professor Qin Liu from the School of Public Health and 
Management, Chongqing Medical University for making helpful suggestions about this paper.

REFERENCES

	 1.	 Periodontal diseases: pathogenesis and microbial factors. J Am Dent Assoc 1998;129 Suppl:58S-62S. 
PUBMED | CROSSREF

	 2.	 Armitage GC, Robertson PB. The biology, prevention, diagnosis and treatment of periodontal diseases: 
scientific advances in the United States. J Am Dent Assoc 2009;140 Suppl 1:36S-43S. 
PUBMED | CROSSREF

	 3.	 Lindhe J, Nyman S. The effect of plaque control and surgical pocket elimination on the establishment 
and maintenance of periodontal health. A longitudinal study of periodontal therapy in cases of advanced 
disease. J Clin Periodontol 1975;2:67-79. 
PUBMED | CROSSREF

	 4.	 Hill RW, Ramfjord SP, Morrison EC, Appleberry EA, Caffesse RG, Kerry GJ, et al. Four types of periodontal 
treatment compared over two years. J Periodontol 1981;52:655-62. 
PUBMED | CROSSREF

	 5.	 Ramfjord SP, Caffesse RG, Morrison EC, Hill RW, Kerry GJ, Appleberry EA, et al. Four modalities of 
periodontal treatment compared over five years. J Periodontal Res 1987;22:222-3. 
PUBMED | CROSSREF

	 6.	 Salvi GE, Lang NP. Host response modulation in the management of periodontal diseases. J Clin 
Periodontol 2005;32 Suppl 6:108-29. 
PUBMED | CROSSREF

	 7.	 Offenbacher S. Periodontal diseases: pathogenesis. Ann Periodontol 1996;1:821-78. 
PUBMED | CROSSREF

	 8.	 Graves D. Cytokines that promote periodontal tissue destruction. J Periodontol 2008;79:1585-91. 
PUBMED | CROSSREF

	 9.	 Ciancio SG. Systemic medications: clinical significance in periodontics. J Clin Periodontol 2002;29 Suppl 
2:17-21. 
PUBMED | CROSSREF

https://doi.org/10.5051/jpis.2016.46.6.382

Effectiveness of alendronate for scaling and root planing

393https://jpis.org

http://www.ncbi.nlm.nih.gov/pubmed/9766126
https://doi.org/10.1016/S0002-8177(15)30088-X
http://www.ncbi.nlm.nih.gov/pubmed/19723929
https://doi.org/10.14219/jada.archive.2009.0356
http://www.ncbi.nlm.nih.gov/pubmed/1055729
https://doi.org/10.1111/j.1600-051X.1975.tb01727.x
http://www.ncbi.nlm.nih.gov/pubmed/7028941
https://doi.org/10.1902/jop.1981.52.11.655
http://www.ncbi.nlm.nih.gov/pubmed/2955103
https://doi.org/10.1111/j.1600-0765.1987.tb01573.x
http://www.ncbi.nlm.nih.gov/pubmed/16128833
https://doi.org/10.1111/j.1600-051X.2005.00785.x
http://www.ncbi.nlm.nih.gov/pubmed/9118282
https://doi.org/10.1902/annals.1996.1.1.821
http://www.ncbi.nlm.nih.gov/pubmed/18673014
https://doi.org/10.1902/jop.2008.080183
http://www.ncbi.nlm.nih.gov/pubmed/12087965
https://doi.org/10.1034/j.1600-051X.29.s2.3.x
https://jpis.org


	10.	 Reszka AA, Rodan GA. Bisphosphonate mechanism of action. Curr Rheumatol Rep 2003;5:65-74. 
PUBMED | CROSSREF

	11.	 Rogers MJ, Gordon S, Benford HL, Coxon FP, Luckman SP, Monkkonen J, et al. Cellular and molecular 
mechanisms of action of bisphosphonates. Cancer 2000;88:2961-78. 
PUBMED | CROSSREF

	12.	 Binderman I, Adut M, Yaffe A. Effectiveness of local delivery of alendronate in reducing alveolar bone loss 
following periodontal surgery in rats. J Periodontol 2000;71:1236-40. 
PUBMED | CROSSREF

	13.	 Tenenbaum HC, Shelemay A, Girard B, Zohar R, Fritz PC. Bisphosphonates and periodontics: potential 
applications for regulation of bone mass in the periodontium and other therapeutic/diagnostic uses. J 
Periodontol 2002;73:813-22. 
PUBMED | CROSSREF

	14.	 Weinreb M, Quartuccio H, Seedor JG, Aufdemorte TB, Brunsvold M, Chaves E, et al. 
Histomorphometrical analysis of the effects of the bisphosphonate alendronate on bone loss caused by 
experimental periodontitis in monkeys. J Periodontal Res 1994;29:35-40. 
PUBMED | CROSSREF

	15.	 Hu JH, Ding M, Søballe K, Bechtold JE, Danielsen CC, Day JS, et al. Effects of short-term alendronate 
treatment on the three-dimensional microstructural, physical, and mechanical properties of dog 
trabecular bone. Bone 2002;31:591-7. 
PUBMED | CROSSREF

	16.	 Veena HR, Prasad D. Evaluation of an aminobisphosphonate (alendronate) in the management of 
periodontal osseous defects. J Indian Soc Periodontol 2010;14:40-5. 
PUBMED | CROSSREF

	17.	 Kruszewska H, Zareba T, Tyski S. Search of antimicrobial activity of selected non-antibiotic drugs. Acta 
Pol Pharm 2002;59:436-9.
PUBMED

	18.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The PRISMA statement 
for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: 
explanation and elaboration. J Clin Epidemiol 2009;62:e1-34. 
PUBMED | CROSSREF

	19.	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol 2009;62:1006-12. 
PUBMED | CROSSREF

	20.	 Higgins JP, Green S. Cochrane handbook for systematic reviews of interventions version 5.1.0. Oxford: 
The Cochrane Collaboration; 2011.

	21.	 Pradeep AR, Kumari M, Rao NS, Naik SB. 1% alendronate gel as local drug delivery in the treatment of 
Class II furcation defects: a randomized controlled clinical trial. J Periodontol 2013;84:307-15. 
PUBMED | CROSSREF

	22.	 Sharma A, Pradeep AR. Clinical efficacy of 1% alendronate gel as a local drug delivery system in the 
treatment of chronic periodontitis: a randomized, controlled clinical trial. J Periodontol 2012;83:11-8. 
PUBMED | CROSSREF

	23.	 Sharma A, Pradeep AR. Clinical efficacy of 1% alendronate gel in adjunct to mechanotherapy in the 
treatment of aggressive periodontitis: a randomized controlled clinical trial. J Periodontol 2012;83:19-26. 
PUBMED | CROSSREF

	24.	 Pradeep AR, Sharma A, Rao NS, Bajaj P, Naik SB, Kumari M. Local drug delivery of alendronate gel for 
the treatment of patients with chronic periodontitis with diabetes mellitus: a double-masked controlled 
clinical trial. J Periodontol 2012;83:1322-8. 
PUBMED | CROSSREF

	25.	 Pradeep AR, Kanoriya D, Singhal S, Garg V, Manohar B, Chatterjee A. Comparative evaluation of 
subgingivally delivered 1% alendronate versus 1.2% atorvastatin gel in treatment of chronic periodontitis: 
a randomized placebo-controlled clinical trial. J Investig Clin Dent. Forthcoming 2016.
PUBMED

	26.	 Lane N, Armitage GC, Loomer P, Hsieh S, Majumdar S, Wang HY, et al. Bisphosphonate therapy improves 
the outcome of conventional periodontal treatment: results of a 12-month, randomized, placebo-
controlled study. J Periodontol 2005;76:1113-22. 
PUBMED | CROSSREF

	27.	 Rocha M, Nava LE, Vázquez de la Torre C, Sánchez-Márin F, Garay-Sevilla ME, Malacara JM. Clinical and 
radiological improvement of periodontal disease in patients with type 2 diabetes mellitus treated with 
alendronate: a randomized, placebo-controlled trial. J Periodontol 2001;72:204-9. 
PUBMED | CROSSREF

https://doi.org/10.5051/jpis.2016.46.6.382

Effectiveness of alendronate for scaling and root planing

394https://jpis.org

http://www.ncbi.nlm.nih.gov/pubmed/12590887
https://doi.org/10.1007/s11926-003-0085-6
http://www.ncbi.nlm.nih.gov/pubmed/10898340
https://doi.org/10.1002/1097-0142(20000615)88:12+((2961::AID-CNCR12))3.0.CO;2-L
http://www.ncbi.nlm.nih.gov/pubmed/10972639
https://doi.org/10.1902/jop.2000.71.8.1236
http://www.ncbi.nlm.nih.gov/pubmed/12146541
https://doi.org/10.1902/jop.2002.73.7.813
http://www.ncbi.nlm.nih.gov/pubmed/8113951
https://doi.org/10.1111/j.1600-0765.1994.tb01088.x
http://www.ncbi.nlm.nih.gov/pubmed/12477573
https://doi.org/10.1016/S8756-3282(02)00870-0
http://www.ncbi.nlm.nih.gov/pubmed/20922078
https://doi.org/10.4103/0972-124X.65438
http://www.ncbi.nlm.nih.gov/pubmed/12669766
http://www.ncbi.nlm.nih.gov/pubmed/19631507
https://doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19631508
https://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/22554293
https://doi.org/10.1902/jop.2012.110729
http://www.ncbi.nlm.nih.gov/pubmed/21542734
https://doi.org/10.1902/jop.2011.110091
http://www.ncbi.nlm.nih.gov/pubmed/21609254
https://doi.org/10.1902/jop.2011.110206
http://www.ncbi.nlm.nih.gov/pubmed/22264208
https://doi.org/10.1902/jop.2012.110292
http://www.ncbi.nlm.nih.gov/pubmed/27091596
http://www.ncbi.nlm.nih.gov/pubmed/16018754
https://doi.org/10.1902/jop.2005.76.7.1113
http://www.ncbi.nlm.nih.gov/pubmed/11288794
https://doi.org/10.1902/jop.2001.72.2.204
https://jpis.org


	28.	 Rocha ML, Malacara JM, Sánchez-Marin FJ, Vazquez de la Torre CJ, Fajardo ME. Effect of alendronate on 
periodontal disease in postmenopausal women: a randomized placebo-controlled trial. J Periodontol 
2004;75:1579-85. 
PUBMED | CROSSREF

	29.	 Durie BG, Katz M, Crowley J. Osteonecrosis of the jaw and bisphosphonates. N Engl J Med 2005;353:99-
102. 
PUBMED | CROSSREF

	30.	 De Almeida J, Ervolino E, Bonfietti LH, Novaes VC, Theodoro LH, Fernandes LA, et al. Adjuvant 
therapy with sodium alendronate for the treatment of experimental periodontitis in rats. J Periodontol 
2015;86:1166-75. 
PUBMED | CROSSREF

	31.	 Menezes AM, Rocha FA, Chaves HV, Carvalho CB, Ribeiro RA, Brito GA. Effect of sodium alendronate on 
alveolar bone resorption in experimental periodontitis in rats. J Periodontol 2005;76:1901-9. 
PUBMED | CROSSREF

https://doi.org/10.5051/jpis.2016.46.6.382

Effectiveness of alendronate for scaling and root planing

395https://jpis.org

http://www.ncbi.nlm.nih.gov/pubmed/15732857
https://doi.org/10.1902/jop.2004.75.12.1579
http://www.ncbi.nlm.nih.gov/pubmed/16000365
https://doi.org/10.1056/NEJM200507073530120
http://www.ncbi.nlm.nih.gov/pubmed/26062841
https://doi.org/10.1902/jop.2015.150166
http://www.ncbi.nlm.nih.gov/pubmed/16274309
https://doi.org/10.1902/jop.2005.76.11.1901
https://jpis.org

