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Effect of prophylactic application of doxycycline at the 
implant–abutment interface on the outcomes of implant 
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Objectives: Doxycycline hyclate is a controlled-release doxy-

cycline polymer which can locally be applied. This study aimed 

to assess the effects of the prophylactic application of doxycy-

cline hyclate at the implant–abutment interface on the short-

term outcomes of implant therapy. Method and materials: 

The present split-mouth randomized clinical trial included 

20 subjects who received two mandibular implants bilaterally 

(40 implants in total). In the test side (n = 20), doxycycline hy-

clate was injected at the implant–abutment interface at the 

time of delivery of final prosthesis. No intervention was per-

formed for the control side (n = 20). The marginal bone level on 

mesial and distal implant surfaces, bleeding on probing, pocket 

probing depth, and incidence of peri-implant mucositis were 

recorded at baseline and after 3, 6, and 12 months. Results: 

Significant differences were found between the test and con-

trol sites, all favoring the test group, for marginal bone level 

changes at mesial and distal implant surfaces as well as for 

changes in pocket probing depth after 6 and 12 months. Fur-

thermore, the numbers of implants with bleeding on probing 

and risk of developing peri-implant mucositis were signifi-

cantly greater in the control group compared to the test group 

at 3-months, 6-months, and 12-months following baseline. 

Conclusions: Within the limitations of this study, it can be con-

cluded that prophylactic application of doxycycline hyclate at 

the implant–abutment interface results in reduced crestal 

bone resorption and pocket probing depth levels. In addition, 

it reduces the risk of developing peri-implant mucositis. 	

(Quintessence Int 2022;53:​762–770; doi: 10.3290/j.qi.b3320823)
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outcome

Rehabilitation of dentition using implant-supported prostheses 

is a predictable therapeutic modality.1,2 Although successful 

osseointegration can predictably be achieved,3,4 the implant sur-

vival alone is no longer considered a success.5 The success of 

implant therapy instead depends on several factors that affect 

the stability of implant–prosthetic complexes such as the health 

of peri-implant soft and hard tissues.5

Peri-implant mucositis and peri-implantitis are biologic 

complications that affect the stability of the implant–prosthetic 

complex.6,7 Peri-implantitis is a plaque-associated pathologic 

condition affecting the tissue around dental implants.6 It is 

characterized by inflammation in the peri-implant soft tissue 

and progressive loss of peri-implant hard tissue.6 Peri-implant 

mucositis, however, is the inflammatory lesion of the peri-im-

plant soft tissue without loss of implant-supporting hard tis-

sue.7 It is currently believed that peri-implantitis is preceded by 

peri-implant mucositis.8 Hence, the management or prevention 

of peri-implant mucositis is a key preventive measure to de-

crease the incidence of peri-implantitis.8-12

Several treatment modalities have been utilized for the 

treatment of peri-implant mucositis including nonsurgical 

mechanical debridement, antimicrobial mouth rinses, and the 

use of systemic or local delivery of antibacterial agents.7,9,12 

These treatment approaches have shown a varying degree of 

success.7 However, the available evidence on the prevention of 

peri-implant mucositis is very limited, if not nonexistent.12

 IMPLANTOLOGY

Personal PDF for Authors (Specimen copy), Account ID 916717, created at 27.09.2022
Copyright 2022, Quintessenz Verlags-GmbH



QUINTESSENCE INTERNATIONAL  |  volume 53 • number 9 • October 2022 763

Arshad et al

Prophylactic local delivery of antimicrobial agents has been 

studied in the medical and dental fields.13-16 In order to reduce 

the chance of postsurgical complications of orthopedic 

implants, prophylactic local delivery of antimicrobial agents 

such as antibiotic-loaded bone fillers, collagen fleeces, and var-

ious implant coatings have been utilized.13-15 In addition, appli-

cation of antibiotic coating on the surface of dental implants 

has been proposed to reduce the infection rates.16 A more 

straightforward approach to achieve this goal can be prophy-

lactic delivery of sustained-release antimicrobial systems at the 

time of dental implant placement or at the time of loading. The 

latter might help prevent peri-implant mucositis by maintain-

ing a high of concentration sustained-released antibiotics in 

the peri-implant sulcus. 

Doxycycline hyclate is a locally delivered sustained-release 

antimicrobial agent that can be easily delivered in peri-implant 

sulcus. It has been shown that 2 hours after the application, dox-

ycycline hyclate gel can attain a concentration of 1,500 µg/mL 

in the gingival crevicular fluid. This value reaches 1,000 µg/mL 

after 18 hours and 140 µg/mL after 7 days.17 This concentration 

is higher than the minimum concentration required for inhi-

bition of periodontal pathogens.18 It has been shown that this 

high concentration of doxycycline has a sustained effect for 

up to 6 months.19

Doxycycline hyclate has been utilized for treatment of peri-

odontitis and peri-implantitis and it has shown promising out-

comes.18-20 However, to the best of the present authors’ know-

ledge, the prophylactic application of doxycycline hyclate 

around implants with the goal of prevention of peri-implant 

mucositis and crestal bone loss has not been studied. 

Therefore, the present study aimed to assess the effects of 

prophylactic application of doxycycline hyclate at the implant–

abutment interface on the short-term outcomes of implant 

therapy. The null hypothesis was that prophylactic application 

of doxycycline hyclate would have no effect on the short-term 

consequences of implant treatment. 

Method and materials

The present study was conducted and reported according to 

the CONSORT statement.21 This clinical trial was conducted 

according to the principles outlined in the Declaration of 

Helsinki of 1975, revised in 2008 in Seoul, Korea. The proto-

col of this trial was approved by the Clinical Research Ethics 

Board of Tehran University of Medical Sciences (#92-03-69-

23038). This clinical trial was also registered at www.irct.ir 

(IRCT20180222038827N2). 

Twenty patients with at least two dental implants at the site 

of the first or second premolars in a partially edentulous man-

dible were included. All implants were bone-level with a sand-

blasted, large grit, acid-etched (SLA) surface, platform switch 

design, and internal hexagon connection (Implantium, Den-

tium), 12-mm length with 3.8-mm diameter, and placed at 

crestal level. The patients were selected among those treated 

at the Dental Implant Center of School of Dentistry, Tehran Uni-

versity of Medical Sciences, according to the following inclu-

sion criteria:
■■ presence of at least two nonrestored dental implants at 

sites of mandibular first or second premolars bilaterally in 

partially edentulous mandible
■■ no bleeding on probing (BOP) at implant sites
■■ implants must be uncovered for at least 4 weeks and placed 

minimum 3 months before the inclusion in the study.

The exclusion criteria were:
■■ poor oral hygiene (Plaque Index [PI] > 20%)
■■ malpositioned implants
■■ systemic diseases affecting the bone metabolism such as 

diabetes mellitus, renal disease, and osteoporosis
■■ smoking
■■ history of periodontitis
■■ width of attached mucosa of < 2 mm.22,23

All patients were informed about the procedure prior to inclu-

sion in the study and signed informed consent forms.

Study design

This study was a split-mouth randomized controlled clinical 

trial that was conducted from 2018 to 2020. The patients were 

consecutively recruited from Dental Implant Center of School 

of Dentistry, Tehran University of Medical Sciences.

The test and control sides were determined by flipping a 

coin for each patient. The random allocation was done by a re-

searcher who was not involved in this trial. Allocation conceal-

ment was achieved by sealed nontransparent envelopes that 

were opened right before the intervention by a researcher who 

was not involved in the study. The test implants received doxy-

cycline hyclate (Atridox, 10% doxycycline hyclate; Zila, Tolmar) 

before delivery of final crown. Control sites did not receive any 

intervention. 

Clinical and radiographic examinations were done at base-

line and at 3, 6, and 12 months following the delivery of the 

final implant-supported prosthesis. The primary outcome vari-
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able was change in pocket probing depth (PPD). The secondary 

outcome variables were incidence of peri-implant mucositis 

and BOP as well as changes in mesial and distal peri-implant 

bone levels. The CONSORT flowchart is presented in Fig 1.

Intervention

After removal of the healing abutment, doxycycline hyclate 

was injected into the annulus of the implant at the implant–

abutment interface. Doxycycline hyclate is supplied in two 

syringes. Syringes A and B should be mixed 100 times prior to 

injection. Doxycycline polymer was placed in the annulus 

space at the delivery session of prosthesis before screwing and 

torquing of the abutment. Delivery of doxycycline hyclate was 

done by an experienced prosthodontist. Control sites did not 

receive doxycycline hyclate. 

All patients received porcelain-fused-to-metal (PFM) crowns. 

The abutments (Implantium, Dentium) in both groups were dis-

infected using chlorhexidine for 10 minutes. The abutment 

screw was torqued to 35 Ncm, and the PFM single crown was 

placed and cemented with temporary cement (Kerr). Then, 

periapical radiographs were obtained. Patient were seen every 

3 months for recall visits. At each visit, a clinical examination 

was done. Afterwards, oral hygiene instructions were re-

inforced, and supragingival scaling was performed.

Clinical examinations

Clinical examinations were done after delivery of the final pros-

thesis (baseline), and at 3, 6, and 12 months later. BOP was 

recorded as the presence/absence of bleeding up to 30 sec-

onds following probing at the implant sulcus. PPD was recorded 

from the gingival margin to the bottom of implant sulcus. All 

probing measurements were done at four sites around the 

implant with a Williams periodontal probe (Hu-Friedy). The 

diagnosis of mucositis was made based on presence of BOP 

and bone loss < 2 mm at 1 year following the prosthetic deliv-

ery.7 All clinical examinations were done by a calibrated exam-

iner blinded to the group allocation. Intra-examiner reliability 

was assessed by recording duplicate measurements of PPD and 

BOP from five patients at two sessions with a 48-hour interval. 

The Kappa for intra-examiner reliability was 0.90.

1
Enrollment

Assessed for eligibility (n = 25)

Randomized (n = 20)

Allocation

Follow-up

Analysis

Test group (n = 20)
• Received allocated intervention (n = 20)
• Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)

Analyzed (n = 20)
• �Excluded from analysis (n = 0)

Control group
• �Received allocated intervention (n = 20)
• �Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)

Analyzed (n = 20)
• �Excluded from analysis (n = 0)

Fig 1   Consort flowchart of the present 
study.
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Radiographic examinations

Standardized periapical radiographs were obtained at baseline, 

and at 3, 6, and 12 months later (Fig 2). All radiographs were 

taken with the parallel technique. The distance from the fixture 

shoulder to the implant apex was measured on each radio-

graph. Then, the radiographs were standardized based on the 

actual length of the implant (12 mm). The point coordinates of 

the implant shoulder and the first bone–implant contact mesi-

ally and distally were determined. Then, peri-implant bone lev-

els were determined by measuring the distance from the 

implant shoulder to the bone crest on the mesial and distal of 

each implant on each radiograph. These measurements were 

expressed in millimeters. All measurements were done using 

Photoshop software (Version 7.0; Adobe Systems). 

All radiographic measurements were performed by a cali-

brated examiner blinded to the group allocation. Intra-exam-

iner reproducibility was determined using two sets of radio-

graphic measurements performed with a 1-week interval on 

periapical radiographs of five patients (κ = 0.89).  

Statistical analysis

A power calculation was performed using Minitab software 

(Minitab). The sample size was estimated to provide 80% power 

to detect a significant difference of 1 mm in PPD between test 

and control sites. A minimum sample size of 18 patients would 

be required considering the standard deviation (SD) of 1.2624 

with a 95% confidence interval (CI) (α = .05). Twenty patients 

were enrolled with a 10% probability of dropouts.

The normal distribution of the data was evaluated using 

Kolmogorov–Smirnov test. The implant was considered as the 

statistical unit. Repeated measure ANOVA was used for with-

in-group comparison of baseline, 3-, 6-, and 12-month values 

for continuous parameters. The comparisons of changes in 

peri-implant bone levels and PPD data between the groups 

were done by paired t test at different time points. The BOP 

data was analyzed by the Wilcoxon signed-rank test, and the 

odd ratios (ORs) for risk of developing peri-implant mucositis 

were calculated. The statistical significance level was set at 

P < .05. Statistical analysis was conducted using SPSS Statistics 

software (version 22, IBM).

Figs 2a to 2d  Periapical radiographs of an 
implant in the test group during the 
12-month study period. (a) Baseline; (b) after 
3 months; (c) after 6 months; and (d) after 
12 months.

2a 2b

2c 2d
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Results

All patients completed the study period. Patients’ characteristics 

are presented in Table 1. No implant failure or technical compli-

cations were observed during the study period. No implant was 

diagnosed with peri-implantitis during the study period.

At baseline, the mean mesial and distal bone levels were 

1.19 ± 0.94 mm and 1.31± 1.04 mm for test sites and 0.81 ± 

0.84 mm and 0.65 ± 0.59 mm for control sites, respectively. The 

mean PPD at baseline was 1.98 ± 0.47 mm for test sites and 

1.70 ± 0.41 mm for control sites. 

Table 2 presents the mean values and changes in crestal 

bone levels at mesial and distal implant surfaces during the 

study period. At 3 months, test and control sites demonstrated 

mean bone losses of 0.01 ± 0.10 mm and 0.13 ± 0.14 mm at 

mesial implant surface and 0.05 ± 0.16 mm and 0.17 ± 0.17 at 

distal implant surface, respectively. The difference in crestal 

bone level between test and control sites at the 3-month fol-

low-up was statistically significant at the mesial implant surface 

(P = .014), but not at the distal implant surface (P = .060). At 

6 months, control sites showed bone loss at both mesial 

(0.48 ± 0.66 mm) and distal (0.69 ± 0.79 mm; P = .025) implant 

surfaces compared to the baseline. On the other hand, test sites 

showed bone gain of 0.28 ± 0.75 mm on the mesial implant 

surface and 0.10 ± 0.94 mm on the distal implant surface. The 

differences in bone level changes between the two groups 

were statistically significant at both mesial (P = .008) and distal 

(P = .025) implant surfaces. At 12 months, the mean amount of 

bone loss at control sites was 0.49 ± 0.73 mm at the mesial im-

plant surface and 0.71 ± 0.85 mm at the distal implant surface. 

However, at test sites, mean bone gains of 0.40 ± 0.89 mm and 

0.20 ± 1.08 mm were recorded at mesial and distal implant sur-

faces, respectively. Statistical analysis demonstrated significant 

differences between test and control sites at mesial (P = .008) 

and distal (P = .021) implant surfaces.

Table 3 presents the mean values and changes in peri-

implant probing depth. In test sites, PPD increased by 0.03 ± 

0.11 mm at 3 months but decreased by 0.10 ± 0.38 mm and 

0.08 ± 0.59 mm at 6 and 12 months compared to baseline, re-

spectively. Within-group comparison demonstrated that there 

were no significant differences in PPD values at test sites during 

the study period (all P > .05). In the control side, PPD increased by 

0.05 ± 0.15 mm, 0.28 ± 0.44 mm, and 0.43 ± 0.57 mm at 3, 6, and 

12 months, respectively. The PPD values at control sites were sig-

nificantly greater at 6 and 12 months compared to the baseline 

(P = .014 and P = .004; respectively). Comparison of changes in 

PPD between test and control sites demonstrated significant dif-

ferences between the two groups at 6 and 12 months (P = .021 

and P = .025, respectively).

Data on the frequency of sites with and without BOP during 

the study are presented in Table 4. Of all, five (25.0%) implants 

had BOP at 3, 6, and 12 months in the test group. In the control 

group, 15 implants (75.0%) showed BOP at 3 months. At 6 months 

and 12 months, 16 implants (80.0%) and 15 implants (75.0%) had 

BOP, respectively. The test group had significantly fewer implants 

with BOP compared to the control group at 3-month (P = .002), 

6-month (P = .001), and 12-month (P = .002) visits.

All implants with BOP were diagnosed with peri-implant 

mucositis. The risk of developing peri-implant mucositis re-

duced significantly in the test group compared to the control 

group at 3 months (OR 0.11; P = .003), 6 months (OR 0.08; 

P = .001), and 12 months (OR 0.11; P = .003).

Discussion

The present study assessed the effects of prophylactic applica-

tion of doxycycline hyclate at the implant–abutment interface 

on the short-term outcomes of implant therapy. It was found 

that the risk of developing peri-implant mucositis was signifi-

cantly reduced after prophylactic application of doxycycline 

hyclate. In addition, the results demonstrated that prophylactic 

application of doxycycline hyclate is beneficial in minimizing 

peri-implant bone level and peri-implant PPD changes during 

the first year following loading of the implants. Hence, the pres-

ent study supports the application of doxycycline hyclate at the 

implant–abutment interface with the goal of reducing the risk 

of developing of peri-implant mucositis.

Bone remodeling around dental implants usually occurs af-

ter loading of a dental implant.25 During this process, peri-im-

Table 1	 Characteristics of subjects included in the study

Characteristic Result

No. of patients 20

Sex Female 9

Male 11

Age (y), mean (range) 54.9 (47–63)

No. of smokers 0

No. of implants 40

Implant position Mandibular first premolar 23

Mandibular second premolar 17
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Table 4	 Number (%) of sites with and without BOP at each time point during the study for each treatment group

3 months 6 months 12 months

BOP + BOP − BOP + BOP − BOP + BOP −

Test (n = 20) 5 (25.0%) 15 (75.0%) 5 (25.0%)  15 (75.0%) 5 (25.0%) 15 (75.0%)

Control (n = 20) 15 (75.0%) 5 (25.0%) 16 (80.0%) 4 (20.0%) 15 (75.0%) 5 (25.0%)

P value .002* .001* .002*

BOP, bleeding on probing.
*Significant difference between the two groups (P < .05).

Table 2	 Mean ± SD values and changes in MBL and DBL at each time during the study for each treatment group

Baseline 3 months 3 months 6 months 12 months

MBL DBL MBL Δ MBL DBL Δ DBL MBL Δ MBL DBL Δ DBL MBL Δ MBL DBL Δ DBL

Test (n = 20) 1.19 ± 
0.94

1.31 ± 
1.04

1.20 ± 
0.88 

−0.01 ± 
0.10

1.36 ± 
0.96

−0.05 ± 
0.16

0.91 ± 
0.52†

0.28 ± 
0.75

 1.22 ± 
0.69

0.10 ± 
0.94

0.79 ± 
0.49†

0.40 ± 
0.89

1.12 ± 
0.69

0.20 ± 
1.08

Control (n = 20) 0.81 ± 
0.84

0.65 ± 
0.59

0.94 ± 
0.85

−0.13 ± 
0.14

0.82 ± 
0.55

−0.17 ± 
0.17

1.30 ± 
1.08†

−0.48 ± 
0.66

1.34 ± 
0.81†

−0.69 ± 
0.79

1.30 ± 
1.12†

−0.49 ± 
0.73

1.36 ± 
0.86†

−0.71 ± 
0.85

P value NA NA NA .014* NA .060 NA .008* NA .025* NA .008* NA .021*

Δ, change from baseline; DBL, distal bone level; MBL, mesial bone level; NA, not applicable.
*Significant difference between the two groups (P < .05).
†Significant difference within group compared to baseline.

Table 3	 Mean ± SD values and changes in PPD at each time point during the study for each treatment group

Baseline 3 months 6 months 12 months

PPD PPD Δ PPD PPD Δ PPD PPD Δ PPD

Test (n = 20) 1.98 ± 
0.47

2.00 ± 
0.46

−0.03 ± 
0.11

1.88 ± 
0.48

0.10 ± 
0.38

1.90 ± 
0.53

0.08 ± 
0.59

Control (n = 20) 1.70 ± 
0.41

1.75 ± 
0.38

−0.05 ± 
0.15

1.98 ± 
0.55†

−0.28 ± 
0.44

2.13 ± 
0.69†

−0.43 ± 
0.57

P value NA NA .577 NA .021* NA .025*

Δ, change from baseline; NA, not applicable; PPD, pocket probing depth.
*Significant difference between the two groups (P < .05).
†Significant difference within group compared to baseline.

plant level changes occur, mainly in the form of bone resorp-

tion.25 The amount of this peri-implant bone resorption depends 

on various factors including implant design and location of the 

implant–abutment interface (microcap).25-28 Bacterial coloniza-

tion has been reported in the internal cavity of two-piece dental 

implants,29-31 which triggers immune responses.27 The intensity 

of the immune responses depends on the immunologic profile 

of the patient and the type and number of periodontal patho-

gens.32-34 Clinical studies on the implant–abutment connection 

have reported different degrees of crestal bone resorption de-

pending the location of the microcap in implant systems that 

were studied.35,36 In the present study, the average amounts of 

bone resorption were 0.49 ± 0.73 mm at mesial and 0.71 ± 

0.85 mm at distal implant surfaces in the control group after 

12 months of loading. This finding is in line with the amount of 

peri-implant crestal bone loss reported in studies that used the 

same implant system.37,38 Lee et al38 assessed the outcome of the 

implant system that was used in the present study. They re-

ported 0.41± 0.48 mm and 0.58 ± 0.65 mm bone resorption at 

mesial and distal implant surfaces 1 year after loading.38
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The results of the present study demonstrated that prophy-

lactic application of doxycycline hyclate at the implant–abut-

ment interface results in significant improvements in peri-im-

plant bone level and PPD during 1-year following the loading 

of implants. These findings can be attributed to the antibacte-

rial properties of doxycycline hyclate, which can affect bacterial 

colonization at the microgap. Doxycycline is a semi-synthetic 

broad-spectrum tetracycline that inhibits protein synthesis in 

bacteria. It has significant effects on Gram-positive, Gram-neg-

ative, and anaerobic species as well as spirochetes.39 Concen-

tration of doxycycline hyclate in the gingival sulcus reaches 

1,500 µg/mL after 2 hours, 1,000 µg/mL after 18 hours, and 

140 µg/mL after 7 days. This dosage is higher than the mini-

mum inhibitory dose required for periodontal pathogens.39 

Hence, these antibacterial properties may minimize the inflam-

matory reactions that eventually result in the loss of peri-im-

plant hard and soft tissue.

In addition to the antibacterial properties of doxycycline, 

other mechanisms of action of doxycycline include increase in 

fibronectin and subsequent increase in fibroblasts, chemo-

taxis, migration, and cell adhesion, which are all necessary to 

enhance connective tissue attachment.40 Doxycycline also 

increases the adhesion of blood clots, exerts anticollageno-

lytic activity, prevents bone resorption, and stimulates bone 

metabolism and periodontal connective tissue cells.40-42 There-

fore, these functions may also have a role in improvements in 

the peri-implant bone level and PPD that are observed in the 

present study. It should be noted that although statistically 

significant improvements in PPD were found for the test 

group in the present study, the clinical magnitude of these 

improvements was less than 1 mm; hence, the clinical signifi-

cance of these improvements remains uncertain.

In this study doxycycline hyclate was used prophylacti-

cally at the implant–abutment interface with the goal of pre-

vention of peri-implant mucositis. The results demonstrated 

that BOP and the risk of developing peri-implant mucositis 

were significantly reduced when doxycycline hyclate was 

applied. To the best of present authors’ knowledge, this is the 

first study to assess the effect of prophylactic application of 

doxycycline hyclate for this purpose. However, there are stud-

ies where topical doxycycline hyclate has been used to treat 

peri-implantitis or periodontitis.20,43 Buchter et al20 reported 

50% reduction in BOP 4 months after nonsurgical manage-

ment of implants diagnosed with peri-implantitis with local 

delivery of doxycycline hyclate. In addition, in patients under-

going supportive periodontal therapy, Garrett et al43 found a 

significant improvement in BOP at sites treated with local ap-

plication of doxycycline hyclate compared to those treated 

with mechanical debridement 9 months after the treatment. 

Therefore, the present findings are in agreement with the 

available evidence that indicate the application of doxycy-

cline hyclate results in reduction in inflammation and BOP up 

to several months following the treatment.

One of the limitations of the present study is that the re-

lease profile of doxycycline hyclate over time and its concentra-

tion in peri-implant tissues was not evaluated. It has been 

shown that, when doxycycline hyclate was locally delivered in 

periodontal pockets, the concentration of doxycycline in gingi-

val crevicular fluid remained more than 100 times greater than 

minimum inhibitory concentration (MIC) for periodontal 

pathogens for at least 7 days.44 In addition, the long-term posi-

tive outcomes for local delivery of doxycycline hyclate in pa-

tients undergoing supportive periodontal therapy have been 

demonstrated for up to 9 months following the treatment.43 

However, in order to better understand the mechanism of ac-

tion of doxycycline hyclate and its effects on peri-implant soft 

and hard tissues, the release profile of doxycycline hyclate in 

peri-implant tissue at different time intervals should be as-

sessed in future studies. It should be also mentioned that only 

clinical and radiographic outcome variables were evaluated in 

this study, and no microbiologic or immunologic analyses were 

performed. Therefore, future studies are required to assess the 

microbiologic and immunologic parameters. 

Conclusion

Within the limitations of this study, it can be concluded that pro-

phylactic application of doxycycline hyclate at the implant–abut-

ment interface results in reduced marginal bone level resorption 

and PPD levels compared to the control sites during the first year 

following loading of dental implants. Furthermore, the present 

study demonstrated that the risk of developing peri-implant 

mucositis reduces after prophylactic local delivery of doxycycline 

hyclate. Therefore, the findings of this study indicate that the 

prophylactic application of doxycycline hyclate is a practical 

approach to reduce the risk of developing peri-implant mucosi-

tis during the first year following the loading of dental implants.
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