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Abstract 

Introduction: The presence of peri-implant 

inflammation can lead to the loss of implant if extended 

to the bone. Therefore, it is essential to develop effective 

strategies for the prevention and treatment of diseases 

around the implant. The present study aimed to assess the 

effect of topical antibiotics on the prevention of implant 

crestal bone resorption using fractal analysis. Methods: 

A total of 30 patients with a mean age of 41.4 ±4.2 years 

and in need of dental implants were randomly assigned 

to three groups (n=10). The first and second test groups 

received 0.5% erythromycin ointment and 0.3% 

gentamicin, while the control group received no 

antibiotics. To evaluate the degree of crestal bone 

resorption around dental implants at baseline and three 

months later, a phosphor plate radiograph was taken and 

fractal analysis was then performed to determine the 

degree of resorption. Results: The comparison with the 

fractal changes between the two time intervals 

demonstrated that there were no significant differences in 

all three groups (P>0.05). There was a significant 

difference among the three groups in the fractal 

dimension (FD) index just after the implant placement 

(P=0.03). The control group was significantly different 

from the erythromycin and gentamicin groups in terms of 

FD index immediately after implant placement. 

Nonetheless, there was no significant difference between 

the erythromycin and gentamicin groups (P=0.07). There 

was no significant difference in FD among the three 

groups three months after implant placement. 

Conclusion: Using topical antibiotics did not affect bone 

resorption after three months of implant placement. 
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Introduction 

Implant placement for replacing the missing teeth turned 

out to be the best and safest treatment in numerous 

clinical situations. Nonetheless, in recent decades, there 

has been increasing evidence of inflammation around the 

implant as one of the most common side effects of 

treatment. The studies conducted on dental implants over 

several years have demonstrated that the long-term 

success of implants depends on two factors: first, the 

direct relationship between bone and implants, and 

second, the development of soft and hard tissue around 

the coronal area of the implant (1-3). Some etiological 

factors aggravate this relationship, including occlusal 

overload, peri-implantitis, as well as micro-gaps between 

the abutment and the implant (4). 

In the presence of proper plaque control, the attachment 

of soft tissue in the coronal area of the implant creates a 

suitable biological seal that prevents the penetration of 

microorganisms and bone resorption in the area adjacent 

to the implant. Therefore, preserving the crestal bone is 

of utmost importance to the establishment of this 

biological seal. If bone resorption occurs in the implant 
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crest module, the gingival margin is in a more apical 

position (5, 6). In submerged implants, crestal bone 

resorption is inevitable (7). Among the effective factors, 

the presence of micro-gaps is more prominent in crestal 

bone resorption. The prevention of bacterial infiltration 

in the abutment-implant interface aims to minimize 

inflammatory reactions and maintain the bone crest (7, 

8). Due to the micro-gaps in this site, which vary between 

1-49 microns (9), different bacterial species between 1-

10 microns (10, 11) can easily enter this area.  

Inflammation around the implant (peri-implantitis) is a 

complication affecting both the soft and hard tissue, 

leading to the loss of the inserted implant (7). Since 

bacterial infection is one of the most important causes of 

early loss of dental implants, the prevention of infection 

in the surgical field is of vital importance. Certainly, the 

presence of bacteria in the area can affect the repair 

process of a biomaterial implanted in the body, and in the 

case of bacterial contamination, it is difficult to remove, 

leading to implant failure. The hypothesis concerning the 

major role of bacteria in the etiology of mucositis and 

peri-implantitis has been widely investigated (12-17).   

Implant manufacturers are trying to minimize the 

presence of germs by reducing the size of the micro-gap 

or moving the area away from the bone-implant junction 

(18). The lack of a clinical protocol or surgery to use 

other methods, such as antimicrobials, has forced 

clinicians to use experimental methods to limit bacteria 

in the screw hole. Various products were used in this 

field, including saline solution, chlorhexidine, and 

various antibiotic ointments. Paolantonio (19) used 

chlorhexidine to decontaminate the screw hole for the 

first time and observed a significant effect in the 

reduction of the bacterial load by 30%-100%. 

These studies have been performed in the stage of 

completing the osteointegration; moreover, the bone 

crestal resorption usually begins one month after implant 

placement (20). Therefore, it is necessary to think of 

ways to reduce microbial load at this stage to prevent 

crestal resorption. It is worth noting that no study has yet 

been conducted in this field. The present study aimed to 

find a solution to reduce the microbial load in the crestal 

area in the course of implant insertion. Xu et al. 

concluded that the use of topical antibiotics (Minocycline 

Hydrochloride Ointment (MHO) and Erythromycin 

Ophthalmic Ointment (EOO) is beneficial to advancing 

the initial repair of the flapless surgical site. In addition, 

it was concluded that the topical use of antibiotics in 

combination with systemic antibiotics could reduce the 

inflammatory response to wound healing after implant 

placement (21).  

 

Today, fractal analysis is efficiently employed to study 

the complex pattern of fractal dimension (FD) of 

the trabecular bone structure is introduced as a 

quantitative result of this image processing scheme. 

Despite subtractive techniques, this method examines 

trabecular structural patterns and bone density 

independent of radiation geometry. Therefore, it is not 

necessary to iterate exact radiation geometries for serial 

radiographs (22,23). There are many methods for the 

estimation of fractal dimension; nonetheless, the box-

counting method is the most widely used and suitable for 

binary image analysis (24). 

Several studies evaluated the changes in alveolar bone 

due to periodontitis using fractal analysis (25-27). As 

evidenced by these results, FD can differentiate between 

healthy bone and those affected by severe periodontitis 

(27). Conventional radiographs were used in these 

studies. After scanning these radiographs, they were 

converted to digital formats, and the resolution of images 

was changed (28,29); accordingly, digital imaging was 

used in this study. Crestal bone resorption around dental 

implants in the first year after implantation is a known 

problem. Furthermore, since implants are loaded on 

average after three months, it seems difficult to determine 

bone changes using conventional radiographs. Fractal 

analysis can detect bone changes; therefore, in the 

present study, after using topical antibiotics with screw 

cover in implant placement surgery, the amount of crestal 

bone resorption was investigated using this technique. 

Materials and Methods 

This double-blinded paralleled arm randomized clinical 

trial aimed to determine the effect of topical antibiotics 

on the prevention of crestal bone resorption in dental 

implants. The patients were selected from among the 

individuals referred to the Implant Department of 

Mashhad Dental School between April 2019 and March 

2020. This study was approved by the Ethics Committee 

of the Mashhad University of Medical Science under the 

code of IR.MUMS.DENTISTRY.REC.1397.090 and 

clinical trial registry for IRCT Code of 

IRCT20120215009014N262.  

Inclusion criteria: 

 Patients in need of dental implants within the 

age range of 25-60 years   

 Full mouth plaque core (FMPS)  ˂ 20% 

 Periodontally and systemically healthy 

 Partially edentulous patients with at least one 

tooth adjacent to the implant area 
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 A healed edentulous area with adequate hard 

and soft tissue 

 No history of implant failure in that area 

Exclusion criteria: 

 Any contraindications for implant placement 

 Patients with a deficient immune system and 

systemic diseases affecting periodontal tissue 

such as diabetes 

 Medications affecting the surgery, such as 

bisphosphonates and anticoagulants 

  need for simultaneous soft and hard tissue 

augmentation 

 Allergy to Erythromycin and Gentamicin 

 Presence or history of periodontal disease 

 Pregnancy or lactation 

Based on similar studies (26,27), with α=0.05 and a 

power of 80%, 30 patients in need of dental implants 

within the age range of 25-60 years were included and 

randomly assigned to three groups of 10 using a 

computer-generated randomization table. The 

randomization was performed using the block method. 

Allocation concealment was obtained using sealed coded 

opaque envelopes, which are opened at the time of the 

surgery. In this single-blinded study, 0.5% Erythromycin 

antibiotic ointment (Erythrolidine®) and 0.3% 

Gentamicin antibiotic ointment (Gentex®) were applied 

for the first and second test groups, respectively. In the 

control group, no topical antibiotic was used. Oral 

hygiene was instructed to the patients, and implant 

placement was not scheduled until the patient could  

demonstrate an adequate standard of plaque control 

(FMPS ˂20%).  

All the surgeries were performed by a single surgeon. 

Full thickness flap preparation was carried out as far as  

the crest of the ridge was available. All implants (Dio UF, 

Korea) were bone level and placed at crestal level. After 

rinsing with normal saline, antibiotic ointments were 

applied to the grooved end of the cover screws until 

overflow. The control group did not receive topical 

antibiotics. Flap closure was performed with single 

interrupted Nylon 4-0 sutures. The patients were 

instructed to maintain adequate plaque control and use 

chlorhexidine 0.2% mouthwash for two weeks. The 

suture removal was after one week. To evaluate the 

amount of crestal bone resorption around the implants, 

immediately after surgery (baseline) and three months 

later, phosphor plate radiographs were taken; thereafter, 

the crestal bone was evaluated for the amount of 

resorption using fractal analysis. Finally, statistical data 

were analyzed in SPSS software (version 19) (Armonk, 

NY) using Shapiro-Wilk and ANOVA tests. 

Result 

The current study included 30 patients in need of dental 

implant insertion within the mean age of 41.4 ±4.2 years. 

Out of these 30 patients, 14 cases were male, and 16 

subjects were female. These 30 patients were randomly 

assigned to three groups: control, Gentamicin, and 

Erythromycin (Figure 1). The mean age scores of patients 

in control, Erythromycin, and Gentamicin groups were 

41.2±4.6, 42.7±5.7, and 40.5±4.4 years, respectively. 

Shapiro-Wilk test pointed to the normal distribution of 

age. Based on one-way ANOVA test, the mean age of 

patients was not significantly different between the two 

groups (P=0.08). 
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Figure1. CONSORT diagram 

There were five male and five female patients in the 

control group, five male and five female patients in the 

Erythromycin group, and four male and six female 

patients in the Gentamicin group. In Table I, we 

compared the mean fractal dimension (FD) index 

between two time periods (baseline and three months) in 

each of the three groups. Based on the Shapiro-Wilk test, 

all data in the groups had a normal distribution; therefore, 

the paired t-test was used and revealed that the mean 

crestal bone resorption did not differ significantly 

between time periods in all three groups (P>0.05). 
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Table I. Mean fractal dimension index in three groups at two time points 

Group Immediately after implant 

placement 

three months after implant 

placement 

P value 

Control 0.075±0.02 0.069±0.15 P=0.08 

Erythromycin 0.08±0.54 0.072±0.23 P=0.23 

Gentamicin 0.076±0.36 0.079±0.17 P=0.31 

 

 In Table II, we compared the mean FD index among the 

three groups in each of the two time periods using the 

one-way ANOVA test and found that the mean fractal 

values were significantly different among the three 

groups only in the time interval immediately after 

implant placement (P=0.03). 

Table II. Mean fractal dimension index among the three groups in each of the two time periods 

Time period Control Erythromycin Gentamicin p-value 

Immediately after 

implant placement 

0.075±0.02 0.08±0.54 0.076±0.36 P=0.03 

three months after 

implant placement 

0.069±0.15 0.072±0.23 0.079±0.17 P=0.68 

 

 In the pairwise comparison of groups immediately after 

implant placement, we use the Post-hoc Tukey test. It 

was revealed that the control group was significantly 

different from both Erythromycin and Gentamicin groups 

in terms of FD index immediately after implant 

placement (P=0.01, P=0.02). There was no significant 

difference between Erythromycin and Gentamicin 

groups (P=0.07). 

Discussion 

As evidenced by the results of this study, the use of 

topical antibiotics exerted no effect on bone resorption 

after three months of implant placement. Although pre- 

and postoperative antibiotics are strongly supported, their 

effects are unclear (30). It has been recently reported that 

systemic use of antibiotics in implant surgery is helpful 

in the reduction of postoperative complications and 

infections. Some studies have reported that topical 

application of antibiotics has a better effect on initial 

wound healing than systemic antibiotics (30-32).  

A pilot study by Xu et al. aimed to evaluate the effect of 

topical Minocycline Hydrochloride Ointment (MHO) 

and Erythromycin Ophthalmic Ointment (EOO) on 

wound healing after flapless dental implant surgery. In 

the stated study, 40 patients underwent flapless implant 

surgery and were randomly allocated to three groups: 1- 

MHO group (n=17), 2- EOO group (n=18), and 3- control 

group (n=5). All groups received systemic antibiotics, 

and only the control group did not use topical antibiotics. 

Three days after surgery, clinical parameters, gingival 

crevicular fluid (GCF) volume around the implant, and 

gingival lipopolysaccharide (LPS) level in all patients 

were collected, measured, and analyzed. The results of 

the mentioned study pointed out that the clinical 

outcomes in the two treatment groups were better than in 

the control group, indicating that the use of topical 

antibiotics is beneficial to the promotion of the initial 

repair of the flapless surgery site. No distinct effect was 

observed between the EOO and MHO groups in the early 

stages of recovery. In addition, there was a significant 

correlation between LPS level and all clinical parameters. 

The researchers concluded that topical use of antibiotics 

in combination with systemic antibiotics could reduce the 

inflammatory response in wound healing after implant 

placement. EOO and MHO were equally effective in 

early wound healing. Compared to MHO, EOO offers 

such advantages as cost-efficiency and convenience; 

therefore, the use of EOO as topical antibiotics in flapless 

implant surgery is recommended (21).  

A notable point in the study by Xu et al. (21) was that 

they worked on parameters used to evaluate soft tissue 

repair (clinical parameters, volume of gingival crevice 
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fluid around the implant, and level of liposuction 

lipopolysaccharides (LPS) in GCF), whereas in our 

study, a bone parameter (Bone resorption) was used for 

evaluation. This may be the reason for the discrepancies 

between the results of the present research and those of 

other studies.  

Crestal bone resorption has been observed around dental 

implants for decades. This event is described after the 

exposure and loading of the implants, regardless of the 

surgical procedure. Adell et al. first reported marginal 

bone resorption around the implant. According to the 

referred study, in the first year of loading, a higher rate 

and occurrence of resorption was observed. The amount 

of this resorption in the first year ranged from 0-3 mm 

and averaged 1.2mm (33). Concerning that the rate of 

bone resorption in the first year is about 1 mm, it seems 

that a period of three months is not enough to assess the 

rate of bone resorption.  

Numerous hypotheses have been put forward about the 

causes of crestal bone resorption, including the biological 

causes of periosteal elevation during surgery, the 

preparation of the implant osteotomy cavity, the position 

of the micro-gap between the abutment and the fixture, 

bacterial invasion, and biological width stabilization. In 

a prospective study on 125 implants, Adell (33) reported 

that 80% of the implant sulcus areas were non-

inflammatory. Lekholm (34) found that the deep gingival 

pockets around the implants had no effects on crestal 

bone resorption. However, marginal bone resorption 

beyond the first fixture thread is a common radiographic 

finding.  

The question is if bacteria cause early bone resorption, 

why does most of the bone resorption occur in the first 

year and decrease in the following years? The depth of 

the implant sulcus increases due to the initial bone 

resorption, impairing hygiene and increasing the 

likelihood of anaerobic bacteria acting as bacterial bone 

resorption. If bacteria are the cause of primary crestal 

bone resorption, what local changes occur in the 

environment that significantly reduce their effect after 

the first year? Given these points, bacterial theory cannot 

explain the phenomenon of marginal bone resorption 

(33-36). Therefore, according to this justification, the 

results of the present study are not far from the 

expectation that after three months, none of the groups 

are significantly different in terms of bone resorption.  

Conclusion 

The results of this study pointed out that topical 

antibiotics had no effect on implant crestal bone 

resorption after three months of placement; nonetheless, 

more studies with larger sample sizes and longer follow-

up periods are needed. 
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