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Running title: Root coverage and NCCL  

Clinical Relevance  

Scientific rationale for the study  

The treatment of single recession with previously restored NCCL is poorly investigated in RCT.  

 

Principal findings

between gingival thickness at baseline with amount of recession reduction and 

final RES was reported.  

 

Practical implications 

 

 

 

 



SIdP Sessione Premio H.M. Goldman 2019 – SIdP H.M. Goldman Award 2019 Session 
19th International Congress 

 

 

Abstract  

Introduzione: In questo studio è stata valutata l’efficacia clinica del lembo spostato coronalmente (CAF) 

associato o meno a innesto di tessuto connettivo (CTG) per il trattamento di recessioni single mascellari con 

abrasioni cervicali non cariose. Materiali e Metodi: Trenta pazienti con recessione mascellare singola e 

giunzione amelo-cementizia ricostruita sono stati randomizzati in uno dei due gruppi. Un misuratore, in cieco 

rispetto al trattamento, ha rilevato: copertura radicolare completa (CRC), quantità di riduzione della recessione 

(RecRed), tessuto cheratinizzato (KT), spessore gengivale (GT), soddisfazione del paziente e il Root coverage 

Esthetic Score (RES).  Risultati: A 12 mesi non ci sono state differenze statisticamente significative per il CRC 

mentre il gruppo CAF+CTG ha mostrato maggiore guadagno di KT (p<0.0001) ed aumento di GT (p<0.0001). 

Il tipo di trattamento e il GT hanno mostrato un’interazione statisticamente significativa. In particolare per GT 

iniziale ≤ 0.84mm il gruppo CAF+CTG ha mostrato maggiore RecRed mentre per GT >0.84 mm i risultati 

erano migliori nel gruppo CAF. Inoltre il gruppo CAF ha raggiunto migliore valore di RES quando il GT 

iniziale era >0.82mm.Conclusioni: Entrambe le procedure sono efficaci per la copertura di recessioni single 

con abrasioni dello smalto ricostruite. L’utilizzo dell’innesto di connettivo associato al lembo spostato 

coronalmente dovrebbe essere limitato al solo caso di fenotipo sottile. 

 

Abstract  

Background: The aim of this study was to assess the clinical efficacy of coronally advanced flap 

(CAF) with or without connective tissue graft (CTG) for the treatment of single maxillary gingival 

recession with restored non-carious cervical lesion  

Material and Methods: Thirty patients with single gingival recessions and previously restored non-

carious cervical lesions were randomly allocated to the two groups. A blind examiner evaluated 

complete root coverage (CRC), recession reduction (RecRed), keratinized tissue (KT) gain, increase in 

gingival thickness (GT), patient satisfaction and root coverage esthetic score (RES).  

Results: No significant difference in term of CRC was reported after 12 months.  CAF+CTG was 

associated with greater KT gain (p<0.0001) and GT increase (p<0.0001) than CAF alone. An 

interaction between treatment and baseline GT and type of treatment was reported suggesting that when 

baseline GT was ≤ 0.84 mm adding CTG led to higher RecRed, while for values >0.84 mm the use of 

CAF alone was associated with better outcomes. Similarly, CAF alone provided better final RES score 

for baseline GT >0.82mm.   

Conclusion: Both procedures were similarly effective for root coverage at single recession with 

previously restored CEJ. Adding a CTG under CAF should be scheduled only when recession with thin 

periodontal phenotype is treated.  

 

Introduction 

Successful outcome of a root-coverage procedure is a stable gingival margin (GM) coronal to the 

cemento–enamel junction (CEJ) and soft tissue integration with adjacent tissue (Cairo et al., 2009). 

Very often root coverage procedures may be complicated by the presence of non-carious cervical lesion 

(NCCL) involving the CEJ area (Pini-Prato et al., 2010), leading to difficult soft tissue management 

during surgery or poor clinical and esthetic outcomes after healing (Cairo et al., 2009) 

Some clinical proposals to manage NCCL have been suggested, combining possible partial (Cairo and 

Pini Prato, 2010; Zucchelli et al., 2014) or complete restoration (Santamaria et al., 2009) of the defect 

area in association with coronally advanced flap (CAF) with or without connective tissue graft (CTG). 

Furthermore, some clinical features as interdental papilla height (Zucchelli et al., 2006) and CEJ levels 

at adjacent and/or homologues teeth (Cairo & Pini Prato 2010) have been considered proper references 

to reconstruct the CEJ area. A recent Randomized Clinical Trial (RCT) showed also that restoration of 

NCCL in conjunction with root coverage was associated with better esthetic outcomes and dentin 
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hypersensitivity reduction than surgery alone (Santamaria et al. 2018) 

The aim of this RCT is to compare CAF with or without CTG for the treatment of single maxillary 

gingival recession with previously restored NCCL. 

 

Material and Methods 
 

Participants  

The present study is a parallel, randomized single-center clinical trial on the treatment of single 

recession at maxillary arch associated with non-carious cervical lesion (NCCL), according to the 

CONSORT statement (http://www.consort-statement.org/). Two different treatment modalities were 

compared: the Coronally Advanced Flap (CAF) plus Connective Tissue Graft (CAF+CTG, test group) 

and the CAF alone (CAF, control group). The flowchart of the study is presented in figure 1.  

 

The study protocol was approved by the University Ethical Board (Ref. 981/14b). Informed consent 

was obtained from all the subjects included in the study. The study was conducted according to the 

principles outlined in the Declaration of Helsinki on experimentation involving human subjects, as 

revised in 2000. 

 

Participants satisfying the following entry criteria were recruited: 

 Age ≥18 years 

 No systemic diseases or pregnancy.  

 Self-reported smoking ≤ 10 cigarettes/day.  

 Full-mouth plaque score (FMPS) and full-mouth bleeding score (FMBS) ≤ 10% (measured at 

four sites per tooth). 

 Presence of single RT1 (Cairo et al. 2011) buccal gingival recessions ≥ 2 mm of depth located 

in the anterior area of the upper jaw (central and lateral incisors, canine, first and second pre-

molars, first molar) and associated with aesthetic complains and or dental sensitivity. 

 Presence of NCCL associated with recession 

 No history of mucogingival or periodontal surgery at experimental sites. 

 

 

Exclusion criteria were: 

 Prosthetic crown at experimental teeth 

 Gingival recessions presenting minimal amount (< 1mm) of apico-coronal keratinized tissue 

(KT) extension apical to recession area.   

 

 

All NCCL at experimental teeth were previously treated with a composite filling to reconstruct the CEJ 

area before surgery. Anatomic landmarks at adjacent or contra-lateral teeth were used to identify the 

correct CEJ position in cases with abrasion; care was taken to limit the extension of the restorative 

material within 1mm apical to the ideal CEJ level (Cairo and Pini Prato, 2010). Each patient 

(experimental unit) contributed with a single recession.  
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Interventions/Operator/Investigators 

All surgical procedures were performed by a single expert clinician (F.C.) with more than 15 years of 

experience in periodontal plastic surgery. A blinded examiner assessed all the clinical and aesthetic 

outcomes of treatments and attended a preliminary calibration session reporting intra-class correlation 

coefficient of 0.87 (CI 95% 0.82; 0.91).  

 

 

Clinical measurements  

The following measurements were taken at baseline for each treated tooth before restorative procedure 

using a periodontal probe (PCP UNC 15, Hu-Friedy) 

 

Before restoration of CEJ, the following parameter was collected 

 GM-NCCLc: the distance between the gingival margin and the most coronal level of NCCL  

 

After NCCL restoration, the following measurements were also collected  

 Rec 0: Recession depth at the mid buccal site measured from restored CEJ level to the gingival 

margin 

 PD 0: Probing depth at the mid buccal site  

 CAL 0: Clinical Attachment Level was calculated as Rec 0+PD 0 

 IM-CEJr 0: Distance from incisal margin (IM) to the restored CEJ level. 

 IM-GM 0: Distance from gingival margin (GM) to incisal margin (IM).  

 IM-GMJ 0: Distance from incisal margin to mucogingival junction (MGJ)  

 KT 0: Keratinized Tissue measured from the gingival margin to the MGJ at the mid buccal 

point. 

 GT 0: Gingival thickness at baseline was measured 1.5 mm apical to the gingival margin using 

an injection needle, perpendicular to the tissue surface, and a silicon stop over the gingival 

surface (Cairo et al., 2016a). The silicon disk stop was placed in tight contact with the soft 

tissue surface and fixed with a drop of cyanoacrylic adhesive. After needle removal, the 

distance between needle tip and the silicon stop was estimated using a digital caliper with 

0.01mm of accuracy.   

 Sens 0: experimental tooth for which the patient reported dental hypersensitivity 

 Sens VAS: Dental hypersensitivity tested using the air spray and quantified by the patients on a 

visual analogic scale (VAS) 0-100.  

 

All variations of the position of the gingival margin were monitored at 3-month, 6-month and 1-year 

follow-ups. 

 

Intra-operatory measurements 

The following measurements were taken during the surgical procedure at each experimental 

tooth.  

 CEJr-BC: distance between restored cement enamel junction and bone crest after flap elevation 

 IM-GM1: distance between incisal margin and gingival margin after suture 

 

In addition, chair-time of the surgical procedure was measured from the end of local anesthesia 

until the completion of the sutures. 
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Clinical measurements to monitor early healing (day 10 and day 14)  

At suture removal (10 days after surgery) and at the 2-week visit, the following measures were 

evaluated: Rec, IM-GM, IM-GMJ and KT. In addition, data on possible soft tissue complications 

(necrosis, edema, bleeding), general discomfort and pain (VAS) were also collected.  

 

Demographic data and patient questionnaires (Baseline, end of surgery, day 10, day 14, 1 year) 

At baseline, age, gender, smoking habits, number of cigarettes/day and presence root sensitivity (VAS 

from 0 to 100) were registered. After 10 and 14 days, data on post-operative pain and possible side 

effects or complications were registered. Patient discomfort was measured by VAS.  

At the 1-year follow-up, patient reports on aesthetic satisfaction (VAS) and dental hypersensitivity 

(VAS) were collected. In case of drop out, the reason related was registered.  

 

Pre-treatment procedures  

Patients received oral hygiene instructions (roll technique) with a soft-bristled toothbrush to correct 

wrong habits related to the etiology of the recession at least 2 months before surgery.  

 

Treatment procedures 

The test group received CAF+CTG (Fig. 2) while the control group was treated with CAF alone (Fig. 

3).  After local anesthesia, two oblique, divergent releasing incisions extending beyond the 

mucogingival junction (MGJ) were performed. An intra-sulcular incision was performed at the buccal 

aspect of the involved tooth. Care was taken to raise split-thickness surgical papillae. A full-thickness 

flap until the exposure of 2-3 mm of buccal bone crest was then elevated using a small periosteal 

elevator. Subsequently, a partial-thickness flap was raised beyond the MGJ, eliminating any residual 

tension to achieve a passive coronal displacement of the flap. The papillae adjacent to the involved 

tooth were then de-epithelialized. A gentle root debridement was performed using a sharp curette up to 

1 mm from the bone crest. The randomization sealed and opaque envelope was opened at this time and 

the operator was instructed whether or not to apply a CTG under the flap. In the test group only a 1mm-

thick CTG was harvested and stabilized with periosteal sutures in the dehiscence area with the coronal 

border immediately apical to the restored CEJ level. The flap was then coronally displaced 1–2 mm 

above the CEJ in both test and control groups.  

 

Post-surgical instructions  

Patients were instructed to avoid mechanical trauma and tooth brushing for 2 weeks and to 

intermittently apply an ice bag for the first 4-5 hours. Patients received ibuprofen 600 mg at the end of 

the surgical procedure and were instructed to take another compulsory tablet 6 hours later. Additional 

doses were suggested in cases of need. Chlorhexidine mouth-risings (0.12%) were recommended twice 

daily for 1min. Smokers were reminded to quit smoking in the first 2 weeks after surgery.  Ten days 

after surgery, sutures were removed and prophylaxis dental paste was applied using a rubber cup at 

teeth in the surgical area. Two weeks after surgery, patients were instructed to resume mechanical 

tooth-cleaning using a soft post-surgical toothbrush. Patients were recalled at 1, 2, 3, 6, 9 and 12 

months after surgery for professional oral hygiene procedures and for collection clinical measurements 

when scheduled. The use of soft toothbrush was maintained until the 3-month follow-up, when a 

medium-bristle toothbrush was recommended.  

 

Sample size  
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Randomization/Allocation concealment/Masking of examiners  

Each experimental subject was randomly assigned to one of the two treatment regimens (CAF+CTG 

and CAF). The treatment assignment was noted in a specific form kept by the study registrar (M.N., 

statistician). Allocation concealment was performed by opaque sealed envelopes, sequentially 

numbered. The statistician generated the allocation sequence by means of a computer-generated 

random list and instructed a different subject to assign a sealed envelope containing the treatments. The 

opaque envelope was opened after flap elevation and treatment assignment communicated to the 

operator. Blinding of examiner was maintained throughout all experimental procedures. 

 

Statistical analysis  

Statistical analysis was performed using JMP 13.0 SAS Institute Inc. Descriptive statistics were 

performed using mean ± standard deviation for quantitative variables and frequency and percentage for 

qualitative variables. The primary outcomes variables were the presence of CRC and RecRed, 

Secondary variables included RES values, KT, surgical-time, intake of anti-inflammatory tablets, post-

operative discomfort (VAS) and final aesthetic satisfaction (VAS).  

Linear models in order to investigate factors influencing some outcomes variables (RecRed, KT gain, 

esthetic VAS and RES) were performed. The explicative variables were treatment (T), the value at 

baseline (for RecRed and KT gain), gingival thickness at baseline and the interaction between 

treatment and baseline thickness. The interaction was maintained in the model only when significant. 

For CRC, the Fisher Exact test was performed. All the analyses were defined a priori. 

 

Results 

 

Experimental population, patients and defects characteristics at baseline   

An original sample of 38 patients showing single gingival recession associated with NCCL at upper 

arch and satisfying the entry criteria were identified; 8 of 38 declined to follow the experimental 

procedures. A total of 30 patients were enrolled: 14 patients were treated in the test group (CAF+CTG) 

and 16 in the control group (CAF).  

In the CAF+CTG group, 10 out of 14 were females (71%), and the mean age was 37.7 ±9.4 years 

[Minimum: 27; Maximum: 63]; 4 patients were smokers. Six treated teeth were canines (43%), 7 

premolars (50%) and 1 first molar (7%). The baseline buccal recession (Rec 0) was 3.4±0.6 mm [2; 4]. 

In the CAF group, twelve out of 16 were females (75%), and the mean age was 40.5±10.3 years 

[Minimum: 26; Maximum: 53]. Two patients were smokers. One treated tooth was incisor (6%), 7 

canines (44%) and 8 premolars (50%). The baseline buccal recession (Rec 0) was 3.2±0.5mm [2; 4]. 

Details of baseline data are presented in table 1. There was no clinical difference at baseline between 

the two groups. 

 

Evaluation of the surgical procedure and post-operative period  

The mean duration of the surgical procedure was 55.4 ± 5.3 minutes for the test group and 38.4 ± 3.3 

minutes for the control group (p<0.0001). After 10 days, patients from the CAF group reported an 

intake of 2.6±0.9 anti-inflammatory tablets and 4.0 ± 0.8 for the CAF+CTG group (difference 1.4; 

95%CI from 0.7 to 2.0; p=0.0001). There was no significant difference in term of post-surgical 

discomfort VAS values between the two groups (29.4 ± 12.2 for CAF+CTG vs 24.5 ±11.1 for CAF, 

difference 4.9; 95%CI from -3.8 to 13.6; p=0.2561). Furthermore, patients allocated in the test group 
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reported greater number of days with post-surgical discomfort (2.6 ± 0.5 for CAF+CTG vs 1.4 ±0.6 for 

CAF, difference 1.2 days; 95%CI from 0.8 to 1.6; p<0.0001). At the 2-week evaluation no significant 

side effect was detected apart from 6 cases of swelling (3 cases for each group).   

 

Clinical outcomes  

All patients attended all follow-up visits and no significant complication was reported. All NCCL 

restorations were stable at the last follow-up. At the final visit all patients were satisfied, with 90.9 

±10.7  mean VAS value in the test group 95.4 ± 6.0 and in the control group. The difference was not 

significant (-4.6; 95% CI from -11.0 to 1.8; P=0.1531).  

Details of the clinical outcomes at 3, 6 and 12 months are presented in table 1. At the final follow-up, 

10 out of 14 sites (71%) in the test group and 8 out of 16 in the control group (50%) showed CRC with 

no significant difference between treatments (RR= 1.43 [ from 0.79 to 2.58]; p=0.2839).  Furthermore, 

the additional use of CTG yielded to greater final GT (difference between treatments 0.52 mm [95%CI 

from 0.41 to 0.63] p<0.0001) than CAF alone. 

 

Linear models to investigate factors influencing the outcomes variables (RecRed, KT gain RES nd 

esthetic VAS) were also performed. For the outcome variable RecRed (table 2), an interaction between 

the treatment and baseline gingival thickness was reported (p=0.0014), suggesting that for values of GT 

≤ 0.84 mm add of CTG was associated with higher final RecRed, while for values >0.84 mm the use of 

CAF alone was associated with better outcomes. A similar model was also performed for KTgain For 

this outcome variable the interaction term was not significant. The treatment modality (CAF+CTG) 

was associated with higher benefit in term of KT gain (difference between treatments 1.4 mm [95%CI 

from 1.0 to 1.8] p<0.0001). Considering final RES score, linear model demonstrated an interaction 

between the treatment and GT0: for GT value ≤ 0.82 mm add of CTG was associated with higher RES 

scores, while for values >0.82 mm the use of CAF alone was associated with better aesthetic outcomes 

rated by the blind examiner (table 3). Considering the Esthetic VAS linear model demonstrated an 

interaction between the treatment and GT0: for GT value ≤ 0.76 mm add of CTG was associated with 

higher esthetic VAS scores, while for values >0.82 mm the use of CAF alone was associated with 

better aesthetic outcomes.  

 

Discussion 

 

Partial or total CEJ destruction and associated enamel/root discrepancy may lead to surgical difficulties 

in proper flap/graft management with possible unsuccessful clinical and aesthetic outcomes of root 

coverage procedures (Cairo, 2017). An epidemiological study on 1,010 gingival recessions retrieved 

from 353 patients showed that 39% of gingival recession were associated with dental surface defects at 

CEJ level (Pini-Prato et al., 2010). Combined restorative and muco-gingival procedures have been 

suggested as a proper treatment modality for Rec associated with NCCL, leading to high patient 

satisfaction and optimal esthetic outcomes (Cairo

 

The present RCT was aimed to compare the use of CAF with or without CTG for the treatment of 

single Rec at the upper jaw with previously restored CEJ level. After 12 months, both procedures were 

similarly effective to obtain complete root coverage with no significant difference between test and 

control groups. Linear models to investigate factors influencing final amount of RedRed demonstrated 

an interesting interaction between baseline GT and type of treatment, suggesting that for Rec with GT 

≤ 0.84 mm the use of CTG under CAF yielded to higher RecRed, while for GT>0.84 the flap alone was 
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associated with better outcomes. Even if a large body of evidence suggests that the bilaminar procedure 

should be considered the gold standard for root coverage (Cairo et al., 2008; Cortellini et al., 2009; 

Cairo et al., 2014), the present finding seems to indicate the use CTG only at REC with thin periodontal 

phenotype (Jepsen et al., 2018; Cortellini and Bissada, 2018). In addition, outcomes of the present 

study support the conclusions of previous clinical trials about the importance of baseline GT when 

performing CAF at both single (Baldi et al., 1999; Hwang and Wang, 2006) and multiple recession 

defects (Cairo et al., 2016b).     

In this study, a significant interaction between the type of treatment and final aesthetic outcomes in 

term of RES score was also detected, showing that for baseline GT value ≤ 0.82 mm CAF+CTG 

provided higher RES scores, while for values >0.82 mm the use of CAF alone was associated with 

better aesthetic outcomes. This finding seems to suggest caution in promotin an excessive thickening of 

well-represented baseline KT, since impairments of soft tissue texture, unpleasant changes in color and 

alteration in gingival margin/muco-gingival junction positions may occur, hindering the original soft 

tissue characteristics and the final aesthetic evaluation (Cairo et al., 2016b).  On the other hand, when 

gingival recessions are associated with very thin KT the addition of a CTG improves both clinical and 

aesthetic outcomes compared with CAF alone.  

The present investigation showed that the addition of a CTG under CAF was associated with a 

significant increase in both apico-coronal KT (mean difference 1.4 mm, p<0.0001) and 1-year GT 

(mean difference 0.52 mm, p<0.0001) also at gingival recessions with restored CEJ. This observation 

supports the hypothesis that adding soft tissue graft is a predictable method to change the gingival 

phenotype (Cortellini and Bissada, 2018) supporting a more predictable stability of the gingival margin 

in the long term (Pini-Prato et al., 2010; Cairo et al., 2015). The present study also confirmed that CAF 

alone does not seem to be able in promoting significant KT changes compared with baseline 

conditions.   

A significant heterogeneity exists in literature regarding the possible restorative management of NCCL 

in conjunction with root coverage procedures, including the elimination of the enamel defect by 

planning the residual CEJ (Holbrook T and Ochsenbein, 1983) and the use of resin-modified glass-

ionomer restoration to completely restore the root defect under the graft/flap (Santamaria et al., 2009). 

In the present trial, a well-defined procedure to restore the CEJ and the coronal portion of the clinical 

crown of the tooth with resin-composite material was applied, assessing reference points at adjacent 

and/or homologues teeth and limiting the apical extension of the restoration ~0.5-1mm below the level 

of ideal CEJ. Any root abrasion apical to this level was left unrestored. At the 1-year follow-up, all 

restorations were retained and well preserved; the associated gingival tissues presented with minimal 

probing depths and no BoP, thus showing that a composite reconstruction of NCCL limited to an area 

around the ideal allocation of the CEJ is compatible with periodontal health (Cairo & Pini-Prato, 2010).  

 

This study confirmed that use of CTG was associated with longer surgical time (~ 17 minutes,  

p<0.0001) and higher morbidity with greater anti-inflammatory tablets consumption (p=0.0001) and 

greater number of days with post-surgical discomfort (~1.2 day, p=0.0001) than CAF alone (Cortellini 

et al., 2009; Cairo et al., 2012). Conversely, there was no significant difference in term of VAS values 

for post-surgical discomfort between groups at the time of suture removal (day 10). This finding seems 

to differ to that described in RCTs evaluating the treatment of multiple recessions defects (Cairo et al., 

2016a; Tonetti et al., 2018): a possible reason could be related with graft dimension that may be 

significant higher when harvesting for multiple defects. Finally, this study confirmed that periodontal 

plastic surgery is well-

between test and control groups.  

Within the limit of this study, the following conclusions can be drawn:  

 Both procedures were associated with similar probability to obtain CRC at single Rec with 
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restored NCCL 

 Higher post-operative morbidity was reported for CAF+CTG group  

 CAF + CTG overall is more effective than CAF alone in recessions with thin periodontal 

phenotype (<0.8 mm) and use of CTG might be selectively limited to these cases  

 The use of CAF alone provided better aesthetic outcomes rated by RES score in recessions with 

well represented KT (>0.8 mm), thus suggesting caution in an excessive thickening of baseline 

KT. 
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Table 1: Baseline data and mean clinical outcomes at 6 and 12 months. 

 

 
Variable CAF 

(baseline) 

N=16 

CAF+CTG 

 (baseline) 

N=14 

CAF  

(6 months) 

N=16 

CAF+CTG 

(6months) 

N=14 

CAF  

(12 months) 

N=16 

CAF+CTG  

(12 months) 

N=14 

p-value   

Rec (mm) 3.2 ± 0.5 3.4 ± 0.6 0.3 ±0.5 0.1 ± 0.3 0.5 ± 0.5 0.3 ± 0.5 - 

RecRed 

(mm) 

- - - - 2.7 ± 0.6 3.1 ± 0.7 - 

IM-MGJ 

(mm) 

15.6 ±1.7  15.9 ±1.9 13.5 ±0.8 14.5 ± 1.0 10.3 ± 0.8 10.2 ± 1.1 - 

CRC (n/%) - - - - 8 (50%) 10 (71%) 0.2839 

PD (mm) 1.1  ± 0.3 1.1 ± 0.3 1.1  ± 0.3 1.2 ±0.4 1.2 ±0.4 1.1 ±0.3 - 

KT (mm) 3.1 ± 0.5 2.9 ± 1.1 3.3 ± 0.5 4.6 ± 0.6 3.3 ± 0.7 4.6 ± 0.5 - 

KT Gain 

(mm) 

- -   0.2 ± 0.7 1.7 ± 0.7 <0.0001* 

GT (mm) 0.80 ± 0.09 0.78 ± 0.12 - - 0.86 ± 0.16  1.38 ± 0.09  <0.0001* 

Sens (n /%) 9 (56%) 9 (64%) 1 (6%) 0 (0%) 4 (25%) 2 (14%) 0.6567 

Sens VAS 

(0-100) 

24.9 ± 28.7 29.1 ± 29.6 1.4 ±5.5 0.0 ±0.0 3.6 ±7.3 1.9 ± 4.9 0.4505 

RES (0-10) - - - - 7.7 ±1.8 8.3 ±1.8 0.3652 

 

Legend: 

 

CAF= Coronally Advanced Flap; CAF+CTG= Coronally Advanced Flap plus Connective Tissue Graft; Rec Red= 

Recession Reduction; CRC= Complete Root Coverage; IM-MGJ= Distance from muco-gingival junction (MGJ) to incisal 

margin; PD = probing depth; KT = width of keratinized tissue; KT Gain =  Gain in width of keratinized tissue; GT = 

Gingival Thickness; Sens= Number of patient/tooth with hypersensitivity; Sens VAS= tooth hypersensitivity measured by 

Visual Analouge Scale; RES= Root coverage Esthetic Score.   
 
 

Table 2: Linear model to investigate factors influencing RecRed at 12 months  

 Term Estimate Std. Error P-value 

Intercept -2.82 1.07  

Treatment (CAF+CTG vs CAF) 4.72 1.25 0.0009 

Rec 0  0.83 0.14 <0.0001 

GT 0 3.61 1.25 0.0078 

Interaction (Treatment x GT 0) -5.66 1.57 0.0014 
 

Legend: 

Rec 0= Buccal Recession at the baseline; GT 0= Gingival Thickness Baseline; CTG= Coronally Advanced Flap plus 

Connective Tissue Graft; CAF= Coronally Advanced Flap; Interaction (Treatment x GT 0)= interaction between treatment 

and gingival thickness at baseline. 
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Table 3: Linear model to investigate factors influencing RES score at 12 months. 

Term Estimate Std. Error P-value 

Intercept -3.05 3.49  

Treatment (CAF+CTG vs CAF) 18.21 4.37 0.0003 

GT 0 13.50 4.37 0.0047 

Interaction (Treatment x GT 0) -22.29 5.49 0.0004 
 

Legend:  

GT 0= Gingival Thickness Baseline; CAF+CTG= Coronally Advanced Flap plus Connective Tissue Graft; Interaction 

(Rand x GT 0)= interaction between treatment and gingival thickness at baseline. 
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axis of abscissas is the GT 0 value in mm while ordinate axis is the final amount of recession reduction 

(RecRed)  in mm. 
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THE EFFECT OF A SINGLE EXPOSURE TO A LOW DOSE BISPHOSPHONATE ON 

HUMAN MESENCHYMAL STEM CELLS ON A TITANIUM SURFACE (AN IN VITRO 

STUDY) 
Mehta A, Owji N, Morden N, Alqhtani N, Buti J, D’Aiuto F, Knowles J. 

University College London, Eastman Dental Institute, London. Great Britain  

 

Abstract 

Bisphosphonates have been shown to improve osseointegration however the effect of a 
single exposure versus a prolonged exposure to the drug remains unclear. This project 
aimed to investigate the effect of a single exposure to alendronate on the morphology 
and ultrastructure of human mesenchymal stem cells (hMSCs) compared to cells that had a 
continuous exposure for seven days. 
Titanium discs with hMSCs were exposed to alendronate. The first group were exposed for 
seven days. The second group were exposed for 24-hours only, following which, the 
bisphosphonate-containing media was replaced with plain growth media. Morphological 
and ultrastructural changes were observed after 24-hours, three days and seven days 
using fluorescence imaging and scanning electron micrographs. 
Following 24-hours’ exposure to alendronate, cells demonstrated increased 
morphological and ultrastructural changes compared to control cells. Over the seven- day 
period, these cells exhibited similar or even more morphological changes compared to 
cells that were exposed to the drug for up to seven days. 
A single exposure to alendronate may have similar, if not enhanced effects on the 
morphological and ultrastructural changes of hMSCs on a titanium surface compared to 
cells that have been exposed to the drug for up seven continuous days. 
 
 
Introduction 

 

The global prevalence of tooth loss in 2010 was 2.3% representing 158 million people 
worldwide (Kassebaum et al., 2014). In the United Kingdom, the proportion of adults with 
twenty or less teeth were 13% in 2009 with the mean number of missing teeth found to 
be three (excluding third molars) (Steele et al., 2000, Bernabe and Sheiham, 2014). Tooth 
loss has been shown to affect patients’ quality of life (Nuttall et al., 2001) with negative 
effects on daily activities including patients’ ability to carry out basic functions such as 
eating and smiling (Adulyanon et al.,1997). 
The challenge of restoring these spaces, improve masticatory function and aesthetic 
requirements whilst providing a prosthesis with long-term successful outcomes can be 
resolved by dental implants. Implant therapy relies on successful osseointegration, that is, 
“a direct structural and functional connection between ordered, living bone and the 
surface of a load-carrying implant” (Branemark 1959, Branemark, 1983). This process 
involves a series of cellular and extracellular biologic events which can be separated into 
three distinct stages; Osteogenesis, osteoconduction and osteoasaptation (Davies, 1998). 
Many factors have been identified to enhance or inhibit osseointegration which are 
outlined in table 1 (Goutam et al., 2013). 
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Enhancement of osseointegration Inhibition of osseointegration 

Implant design, shape and diameter Excessive implant mobility and 

micromotion 

Titanium coating on Co-Cr metal 

implant 

Nonsteroidal  anti-inflammatory  drugs 

especially selective COX-2 inhibitors 

Laser treatment of Implant Surface Warfarin  and  low  molecular  weight 

heparins 

Human parathormone (1-34) Inappropriate  porosity  of  the  porous 

coating of the implant 

 

Table 1: Factors affecting osseointegration of dental implants. 
 

Extensive research has been conducted to enhance osseointegration and emerging 
evidence has begun to assess the use of bisphosphonates and mesenchymal stem cells to 
improve and accelerate the process. Mesenchymal stem cells are essential due to their 
ability to differentiate into cells that aid in regeneration (Hass et al., 2011, Kobolak et al., 
2016). The quantity of mesenchymal stem cells is critical as it directly effects the number 
that can differentiate into osteoblasts for bone formation. Bisphosphonates have 
extensively been used to treat osteoporosis to reduce bone resorption, an essential aspect 
for bone healing (Drake et al., 2008b). Studies have shown significantly more bone 
formation around implants coated with bisphosphonates. Kajiwara and co-workers 
found a significant amount of new bone had formed around the bisphosphonate coated 
implants compared to the calcium coated and pure titanium implants in a rat model. Abtahi 
and co-workers investigated the effect of bisphosphonate coated titanium implants in a 
split-mouth study in sixteen patients (Abtahi et al., 2012). One implant was coated with a 
thin layer of two bisphosphonates (60% pamidronate and 40% ibandronate) and the 
other implant served as a control. A resonance frequency analyser measured implant 
stability to assess fixation. The results showed that bisphosphonate-coated implants had a 
larger increase in implant stability quotient (ISQ) values from baseline to six months 
compared to their paired controls, indicating that this local administration of 
bisphosphonates may improve the osseointegration process.The effect of low dose 
bisphosphonates on human mesenchymal stem cells and their osteogenic response to a 

Bone source augment to socket Osteoporosis, rheumatoid arthritis 

Mechanical stability and loading 

conditions applied on the implant 

Radiation therapy, smoking, advanced age, 

nutritional deficiency and renal insufficiency 

Pharmacological agents such as 

simvastatin and bisphosphonates 

Pharmacological agents such as 

cyclosporin A, methotrexate 
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titanium surface has been investigated by Alqhtani and co- workers. In an in-vitro 
model, continuous systemic application of low dose bisphosphonates (alendronate and 
pamidronate, 100nM and 10nM), for up to 14 days, improved the activity and 
differentiation of human mesenchymal stem cells (Alqhtani et al., 2017). The data showed 
that bisphosphonates exerted a stimulatory effect on human mesenchymal stem cell 
osteogenic differentiation. The authors suggested that this increased osteogenic activity 
may enhance wound healing and accelerate the osseointegration process (Alqhtani et al., 
2017). The study concluded that the application of low dose bisphosphonates, 1000 times 
less than a clinical dose, had a beneficial effect on hMSC proliferation and osteogenic 
differentiation on titanium surfaces. 
The current literature shows that the systemic administration of low dose 
bisphosphonates has demonstrated an enhancement of hMSC activity, however, it is 
unclear if a single exposure to the drug will result in the same effect as a continuous 
exposure over a number of days. It is also unknown how long the effects can last for when the 
cells receive a single exposure to the drug for 24 hours only. 
Therefore, the aim of this study was to determine the effect of a systemically administered 
low dose bisphosphonate, alendronate, on the morphology and ultrastructure of 
mesenchymal stems cells on titanium discs when cells are exposed to alendronate for 24 
hours only compared to a continuous exposure for up to seven days. 

 

Materials and Methods 
 
This study observed the activity of human mesenchymal stem cells (hMSCs) on a titanium 
surface following the administration of different concentrations of a low dose 
bisphosphonate (alendronate) and comprised three variables: time, drug concentration 
and length of exposure to the drug. Observations were recorded at three intervals: 
• One day (24 hours), which served as the baseline measurement 
• Three days 
• Seven days 
Two different concentrations of alendronate (Sigma-Aldrich, Dorset, UK) were used: 
100nM (T1) and 10nM (T2). 
These were run in two parallel groups: 

 Group 1: hMSCs exposed to the drug continuously for up to seven days 
 Group 2: hMSCs exposed to the drug for the first 24 hours only. 

After this, the alendronate containing media was replaced with plain growth media 
 For each experimental condition there was also a control (C) 

Samples stained for fluorescence imaging (using phalloidin or anti-vinculin antibody) were 
run in triplicate to preclude experimental bias and allow for sample failure. The hMSCs 
were tested for cell proliferation and examined with a fluorescence and scanning electron 
microscope. 

 

Cell culture: 
This study used hMSCs obtained from the Institute for Regenerative Medicine at the 
Texas A&M Health Science Centre College of Medicine, Texas, USA. The cells were 
isolated from the bone marrow (iliac crest) of a 22-year-old male donor. The hMSCs were 
isolated using density centrifugation, plated and then harvested at 60%-80% confluence. 
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Flow cytometry analysis demonstrated the cells ability to grow and differentiate into 
osteoblasts, adipocytes and chondrocytes. Cells as passage one (P1) were purchased and 
on arrival at the UCL Eastman Dental institute, London, UK, the cells were expanded and 
harvested as passage four (P4) for the use of this study. 
 
Titanium disc preparation: 
75 titanium discs (Strauman LTD, Switzerland), 15mm in diameter and 1mm in thickness 
were first polished to remove surface irregularities and roughness. This was followed by a 
sterilisation process which involved sonification in isopropanol, immersion in 0.1-N Nitric 
acid and exposure to ultra-violet light. 

 
Cell sample preparation: 
Cells were seeded onto the titanium discs in 24-well plates with the addition of either plain 
growth media (control), media containing 100nM alendronate (T1) or media containing 
10nM alendronate (T2). The cells were placed in the incubator and observations were 
recorded after 24 hours, three and seven days. During the seven-day period, the media 
was replaced twice following several PBS washes. Group one received new media 
containing the appropriate concentration of alendronate and group two received plain 
media only. Summaries of the experimental protocol are explained in figures 1 and 2. 

 
 
 
 
 

 
 

Figure 1: Set up of a well plate at the start of the experiment. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Samples stained for 
fluorescence 
imaging with either 
phalloidin or anti- 
vinculin antibody 
(n=3) 

Samples  Samples for 

for SEM Alamar blue assay 

Disc 1    Disc 2 Disc 3 SEM   Alamar Blue 

Control (C) 

T1 (100nM) 

T2 (10nM) 
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Well plate 1 

 
 

 
 

 
 

Well plate 2 

Group 1 (7-day exposure): 
This well plate was 

observed after 3 days of 
exposure to alendronate 

 
 

 
 

Well plate 3 

 
 

 
 

 
 

Well plate 4 

Group 1 (7-day 
exposure): 

This well plate was 
observed after 7 days of 
exposure to alendronate 

 
 

Group 1 and 2: 
This well plate 
was observed 

after 24 hours of 
exposure to 
alendronate 

 
 

Group 2 (24-hour 
exposure): 

This well plate was 
observed at day 3 after 24 

hours of exposure to 
alendronate followed by 2 

days exposure to plain 
growth media 

 
 

 
 

 
 

Well plate 5 

Group 2 (24-hour 
exposure): 

This well plate was 
observed at day 7 
after 24 hours of 

exposure to 
alendronate followed 6 
days exposure to plain 

growth media 

  

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Illustration of experimental protocol. 
 
This experimental protocol was repeated twice; samples in ‘run one’ were stained with 
phalloidin and samples in ‘run two’ were stained with anti-vinculin antibody. 
Phalloidin, with a fluorescent marker, binds directly to the cytoskeleton allowing 
visualisation using fluorescence microscopy and staining with anti-vinculin antibody 
allowed visualisation of the adhesin vinculin. This assessed adhesion and attachment of 
the cells to the titanium surface. 

 
Nuclear staining was performed using 4’, 6- diamidino-2-phenylindole (DAPI) (Thermo 
Fisher, Hertfordshire, UK), a fluorescent stain that binds strongly to the DNA of the cells. All 
samples labelled for F-actin and vinculin were stained with DAPI. 
The cell proliferation assay, Alamar blue, was used to measure proliferation of the hMSCs 
indicating cell viability. One sample in each group of the second run were assessed using the 
alamar blue protocol. 

 
 

DAY 7  
 

DAY 3 

 
 

DAY 1 
(24hours) 
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Imaging: 
All discs were assessed using an inverted fluorescence microscope at 10 x magnification and 
20 x magnification (Leica DM IRB Fluorescence Time Lapse Facility, Milton Keynes, UK). 
Image analysis was performed using ImageJ. Nuclei counts were performed on the 
fluorescence images, using Image-Pro Premium 9.2 (Media Cybernetics, Marlow, 
Buckinghamshire, UK). A stage micrometre of 0.1mm divisions was used to calibrate and 
calculate the area of each image. The nuclei were isolated from the background using the 
automated software. Where the software missed a nucleus, it was added manually and 
where two nuclei were counted as one, they were split manually. This provided a count of 
the number of cells per image. As this technique could be considered subjective, inter- and 
intra- examiner assessment were carried out on 10% of samples. There was 
consistent agreement between all the measurements taken for this assessment. 
Cell morphology was analyzed using scanning electron microscopy (SEM) and examined 
using an SEM FEI XL30 FEG Scanning Electron Microscope (FEI, Eindhoven, 
Netherlands). 

 
Statistical analysis: 
Descriptive statistics were expressed as scatter graphs to display the nuclei counts for 
each image. The area of each image was 1.20mm (1.27mm x 0.95mm). Bar graphs 
were used to show the fluorescence intensity levels detected for the alamar blue assay. 
Inferential analysis was conducted using a factorial experimental model to determine the 
impact of different factors on the percentage change in nuclei count over time compared to 
counts present at 24 hours (baseline). These factors included time, drug concentration and 
length of exposure to the drug. Possible interactions among terms were also explored. 
Factorial experiment analysis was performed using R Software. 
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Results 
 
Cell morphology was assessed using two different staining methods and the nuclei were 
visualized with a fluorescent nuclear stain. SEM images were taken to further evaluate 
morphology and topography of the cells. 

 
Day 1: 
 
Control samples: 
At 24 hours, fluorescence imaging showed cells had attached to the titanium surface and 
were beginning to spread with some evidence of elongation and alignment. The SEM 
samples also showed separate cells which were starting to elongate and align. The cell 
processes observed were extending from the cell body to the surface and were usually 
single and straight. 
 
Test samples: 
Cells exposed to 100nM alendronate in the growth medium (T1) and 10nM alendronate in 
the growth medium (T2) appeared more numerous on many of the discs compared to 
control discs. Samples stained with phalloidin showed multi-layers of cells, both 
disorganised and organised. The SEM images of the T1 and T2 samples shows 
ultrastructural differences when compared to the control. These cells showed an increase in 
cell processes in both test groups, in both runs. Numerous long cell processes that were 
notably undulating could be observed (figure 3). 
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Figure 3: Fluorescence images show cells in the test group to be more numerous with 
evidence of elongation and alignment. The SEM images show cells in the test group to 
have an increase in cell processes that are notably undulating. 

 
Day 3: 
 
Control samples: 
The cells of the controls could be seen to be more aligned in regions where they were 
numerous. No differences were observed in the images between group one and group 
two for both experimental runs within the control discs. The SEM assessment of control 
cells showed an increase in quantity of cells present on the titanium surface. 
Morphological features were similar to those observed on the control discs at 24 hours 
including cell processes appearing mostly straight. 
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Test samples: 
All test samples stained with phalloidin demonstrated clear alignment with multi layers. 
Few differences could be observed between cells that were exposed to alendronate for 24 
hours (group two) compared to cells that had been exposed to alendronate for three days 
(group one). Images from both groups displayed similar characteristics; elongation, 
alignment and spreading. SEM inspection of the test discs confirmed there were large 
areas of multi-layered, elongated and aligned cells. Multiple branching cell processes 
were also observed along the advancing front of many cells in both T1 and T2 groups. 
Cells exposed to the drug for 24 hours only were wider with more cell processes and 
more layers occupying the titanium surface (figure 4). 

 
 

 
 

 
Figure 4: Results at Day 3. SEM images show cells exposed to the drug for 24 hours to be 
wider with more cell processes. More layers of cells are occupying the titanium surface. 

 
Day 7: 
 
Control samples: 
By day 7 there was an increase in cells in all groups compared to their day one baseline 
images. Cells appeared greater in quantity, represented by higher numbers of blue 
stained nuclei and the arrangement and morphology of the cells were consistently aligned 
and elongated. These images were similar to the appearance of test samples that had 
been achieved by 24 hours and day three. The scanning electron micrograph supported 
these findings with evidence of multi-layer, aligned cells and a clear increase in cell 
processes. 

 
Test samples: 
For all treatments, the fluorescence images showed that the cells were numerous, 
confluent, elongated and aligned. Little differences could be observed between images 
from day seven cells that had been exposed to alendronate for only 24 hours (group two) 
and cells that had been exposed to alendronate for all seven days (group one). SEM 
images support the fluorescence images demonstrating multi-layered, elongated cells 
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with numerous cell processes. SEM images show the control samples to now have similar 
features to test samples (figure 5). 

 

 
 

 

 
 
 

Figure 5: Results at Day 7. SEM and fluorescence images show control and test cells 
exhibiting similar morphological and ultrastructural features. All cells appear confluent, 
elongated and aligned. Cells exposed to alendronate for 24 hours show similar features to 
those exposed for seven days. 
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Results of the quantitative analysis: 
All experimental models did not find a significant association between control or either 
test groups (T1 or T2) on the percentage change in number of nuclei compared to 
baseline counts. 

 
Alamar blue assay: 
The alamar blue assay was performed on one disc in group one and group two of the 
cells stained with anti-vinculin antibody (run two). Fluorescence intensities were recorded 
at 24 hours, at day three and at day seven. For cells that were exposed to the 
bisphosphonate for 24 hours only, fluorescence intensity decreased as the number of 
days increased. For cells that were exposed for seven continuous days, there was an 
initial reduction in fluorescence intensity between day one and day three. Following this, 
the fluorescence intensity increased by day seven. 
 
Conclusions 

 

Results from this study demonstrated positive morphological and ultrastructural changes 
on the hMSCs following exposure to alendronate. This was consistent with current 
evidence as described by Alqhtani and co-workers (Alqhtani et al., 2017). 
At day three, the control samples increased in number and there was evidence of 
morphological changes within the cells, similar to those observed in test samples that had 
been established at 24 hours. These changes included multi-layering of cells, cell 
elongation and an extension of cell processes. The SEM images appeared to be similar, 
however cells which received 24 hour exposure, were greater in width and more 
extensively spread over the disc. The cells also exhibited more cell processes. 
At day seven, similar observations were seen in the fluorescence images and scanning 
electron micrographs; there were no differences in morphological features from group one 
or group two experiments and if a difference was observed, it was in favour of cells 
exposed to alendronate for 24 hours only (group two). These results provide new 
information on how long structural changes can be observed following exposure to low 
doses of alendronate for up to seven days. 
Nuclei counts varied over the seven days however there was an overall increase in cell 
count. By day seven, there were more cells compared to day one, and group two (cells 
exposed to alendronate for 24 hours only) had more cells than group one (cells exposed to 
alendronate for up to seven days). This data supports the morphological changes 
observed in the fluorescence and SEM images. The alamar blue proliferation assay 
indicated that as the number of days increased, cell viability decreased for most samples. 
In this study, the beneficial effect of alendronate was predominantly observed during the 
first three days following exposure to the drug. This is an important finding which has 
advantageous clinical applications with regards to bone healing and osseointegration. 
Studies show that new bone formation can start as early as one week following implant 
placement (Berglundh et al., 2003a) and the most important time period in the process of 
osseointegration for hMSCs is approximately day four (Salvi et al., 2015a). Therefore, if 
activity of hMSCs can be enhanced or promoted during this crucial time period, it could 
lead to an acceleration in osseointegration. The findings of this research add to the limited 
knowledge base on bisphosphonates and osseointegration but highlight the benefit for 
their potential use. 
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Limitations: 
Due to clustering of the cells on the disc, it was not possible to standardize selection of the 
area to be imaged per disc. Instead, the most densely populated area of the disc was 
selected. In order to reduce future bias, computer generated random co-ordinates could be 
formulated and these areas assessed with the use of a grid overlying the sample. 
Multiple co- ordinates can be selected to get a better representation of the disc which 
could improve the validity of the existing methodology for assessing cell morphology as 
well as nuclei counts. 

 
Although assessment of morphologic features gives an indication of cell behaviour, 
imaging alone does not give information regarding changes in cell metabolic activity. The 
main limitation of the data collected regarding the Alamar blue proliferation assays was 
the limited sample size and hence no conclusions can be drawn. Future studies should 
assess cell viability, proliferation and ability to differentiate. The alamar blue assay should be 
used with a larger sample size, or alternative assays could be employed such as 
adenosine triphosphate (ATP) assay. Dead or dying cells contain little to no ATP and 
therefore this assay provides an accurate representation of live cells. The ability of cells to 
differentiate into mature osteoblasts is essential for successful osseointegration. 
Osteogenic factors could be introduced directly into the culture medium to encourage the 
hMSCs toward an osteogenic differentiation. The cells might then be assessed by testing for 
various differentiation markers such as intracellular alkaline phosphatase (ALP) and 
calcium deposition. 

Within the limitations of this in-vitro study, the results suggest that a single exposure to 
alendronate for 24 hours may have a similar or more positive effect than cells exposed to the 
drug for seven days. Furthermore, these positive effects can last up to seven days. 

 

Implications for research 
Further in vitro studies are required to assess additional study outcomes including cell 
proliferation and differentiation measurements. Following identification of the ideal drug, 
dose and follow up period, an in vivo model can be tested. 

 

Implications for clinical practice 
A single exposure to the drug may be more beneficial in enhancing osseointegration than a 
7-day course as it not only reduces the overall cost of treatment, but increases the 
likelihood of patient compliance to this adjunctive therapy. 
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Abstract 

Background: This randomised clinical trial compared the clinical efficacy of the 

entire papilla preservation technique (EPP) alone and in combination with enamel 

matrix proteins plus bovine-derived bone substitutes (EMD+BS) in the treatment of 

isolated interdental intrabony defects. 

Material and methods: A total of 30 patients with one isolated deep intrabony 

defects were enrolled 15 of them were randomly assigned to EPP alone while the 

other 15 to EPP EMD+BS. Access to the intrabony defect for debridement was 

provided by a single vertical incision positioned in the buccal gingiva of the 

neighbouring interdental space. Following the elevation of a buccal flap, an inter-

dental tunnel was prepared undermining the defect-associated papilla. Granulation 

tissue was removed and root surfaces were carefully debrided. In the EPP EMD+BS 

group, bone substitutes and EMD were applied. EPP group did not receive any 

regenerative biomaterials. Microsurgical suturing technique was used for optimal 

wound closure. Outcome measures included gain in clinical attachment level (CAL), 

probing depth (PD) reduction, and gingival recession (REC). 

Results: Early healing phase was uneventful in all cases and 100% primary wound 

closure was maintained throughout the study period. Intragroup differences between 

baseline and 1-year were statistically significant in both groups in terms of CAL gain 

and PD reduction (p≤0.001), no statistically significant differences were detected in 

REC (p>0.05). There were no statistically significant differences in mean ± SD CAL 

gain (6.3 ± 2.5 mm versus 5.83 ± 1.12 mm), PD reduction (6.5 ± 2.65 mm versus 6.2 

± 1.33 mm), and increase in gingival recession (0.2 ± 0.25 mm versus 0.36 ± 0.54 

mm) between the EPP EMD+BS and EPP groups. 

Conclusions: EPP with and without regenerative biomaterials can provide significant 

amount of CAL gain and PD reduction, with negligible increase in gingival recession. 
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Within the limits of the present study, it can be concluded that addition of 

regenerative biomaterials do not improve the overall clinical outcomes. 

 

 

Introduction 

The ultimate end-point of treatment following the completion of initial periodontal 

therapy is accomplishing regeneration of the lost periodontal tissues. Various surgical 

techniques and biomaterials have been investigated to achieve periodontal 

regeneration since the very first inception of guided tissue regeneration (GTR) 

technique (Nyman et al. 1982). Barrier membranes in combination with bovine-

derived bone substitutes, enamel matrix proteins (EMD), demineralized freeze-dried 

bone allografts have been used for the formation of new cementum, new periodontal 

ligament and new alveolar bone (Heijl 1997, Sculean et al. 1999, Camelo et al. 2001). 

Various factors such as plaque control, percentage of bleeding on probing, location 

and morphology of the defect, smoking habit, and exposure of the barrier membrane 

significantly influence the clinical outcomes following the implantation of these 

biomaterials (Tonetti et al. 1993, Machtei 1994, De Sanctis et al. 1996a, Kornman & 

Robertson 2000, Farina et al. 2013). Exposure of the applied biomaterials is the major 

issue in the field of regeneration, as this event may lead to contamination of the 

surgical site and jeopardizes wound stability. To overcome this clinical issue, 

different approaches have been proposed to provide an ideal environment for early as 

well as late wound stability. Instead of using GTR technique, researchers have 

focused on biologics such as EMD and this shift significantly decreased the incidence 

of early wound healing complication (Sanz et al. 2004). On the other hand, 

implementation of microsurgical technique and its principles into the regenerative 

periodontal surgery increased the rate of primary healing by minimizing the trauma to 

the soft tissues (Tibbets & Shanelec 1998, Cortellini & Tonetti 2001). Moreover, 

evolution of the surgical flap design improved early wound healing and stability that 

are critical factors for the clinical outcomes. Papilla preservation technique (Takei et 

al. 1985), modified papilla preservation technique (Cortellini et al. 1995), simplified 

papilla preservation technique (Cortellini et al. 1999), minimally invasive surgical 

approaches with papilla elevation
 
(Cortellini & Tonetti 2007) or without palatal 

papilla elevation
 
(Cortellini & Tonetti 2009, Trombelli et al. 2009) aim at preserving 

the interdental papillary complex and enhancing wound stability. All the 

aforementioned techniques, however, entail an incision over the defect-associated 

interdental papilla that may jeopardize the volume and complex vascular integrity of 

the interdental tissues. 

Recently, a novel surgical approach, the ‘‘entire papilla preservation (EPP)’’ 

technique has been proposed for regenerative treatment of isolated deep intrabony 

defects (Aslan et al. 2017a). This novel concept provides an intact gingival chamber 

over the intrabony defect, with completely preserved interdental papilla. One-year 

prospective cohort study (Aslan et al. 2017b) with twelve isolated deep non-contained 

intrabony defects treated with EMD+bone substitutes, revealed 100% primary closure 

during all stages of wound healing and documented 6.83 mm of mean clinical 

attachment gain. However, the efficacy of this novel surgical concept when combined 

with biomaterials remains unclear. Therefore, the aim of the present randomised and 

controlled clinical trial was to investigate the clinical efficacy of “EPP” alone in 

comparison to EPP combined with regenerative biomaterials. 
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Material and Methods 

Experimental design 

The present study is designed as a single-centre, parallel group, and randomised, 

controlled clinical trial comparing the efficacy of two treatment modalities in 30 

patients. The present paper is written according to the CONSORT statement for 

improving the quality of reports of parallel-group randomised trials. The study 

protocol was approved by the Institutional Review Board of School of Medicine, Ege 

University, İzmir, Turkey (protocol no. 15-4.1/10). A single defect was treated in each 

patient and all the experimental sites were accessed with the “EPP” technique (Aslan 

2017a) and debrided carefully. EDTA gel was applied on the instrumented root 

surfaces. EMD+bone substitutes were applied in one group (EPP EMD+BS, 15 

defects), while the other group (EPP, 15 defects) did not receive any regenerative 

biomaterials. The single vertical incision was sutured with single interrupted sutures. 

Patients were enrolled in a stringent maintenance programme with recalls on a weekly 

basis for the first month and then monthly controls for professional tooth cleaning for 

the 12 months postoperatively. Clinical periodontal parameters were recorded at 

baseline, which is 3 months after completion of initial periodontal therapy. 

Periodontal probing was avoided in the experimental site during the 12-month study 

period. Final clinical outcomes were recorded 12 months after the regenerative 

periodontal surgery. 

 

Study population 

Inclusion criteria were; being systemically healthy, having the clinical diagnosis of 

advanced periodontitis, willing to receive regenerative periodontal surgery after 

completion of non-surgical periodontal therapy and giving a written informed 

consent. Eligible patients had one isolated intrabony defect with probing depth (PD) 

7 mm, clinical attachment level (CAL) 8 mm and at least 4 mm intrabony 

component involving predominantly the interproximal area of the affected tooth. 

Moreover, the patients had to exhibit full-mouth plaque score (FMPS) and full-mouth 

bleeding score 20%. Current smokers, patients with known systemic diseases such 

as diabetes and cardiovascular diseases or using medications that affect periodontal 

tissues, pregnant or lactating women were excluded from the study. Local exclusion 

criteria were; one-wall intrabony defects, defects that involve buccal and lingual sites, 

presence of inadequate endodontic treatment and/or restoration in the relevant teeth. 

 

Surgical procedures 

All surgical procedures were performed by one experienced periodontal surgeon 

(S.A.). The surgical site was anesthetized using articaine-epinephrine 1:100,000. 

Trans-papillary infiltration was avoided to prevent physical (needle penetration) and 

chemical (in terms of prolonged vasoconstriction) trauma to the gingival tissues. Bone 

sounding was performed following the onset of anesthesia. 

The “Entire papilla preservation” technique is a tunnel-like approach of the 

defect-associated interdental papilla. An operating microscope (x6 to x21 

magnification) was used to increase the visibility of the surgical site (Cortellini & 

Tonetti 2001). Following a buccal intra-crevicular incision, a bevelled vertical 

releasing incision was performed in the buccal gingiva of the neighbouring interdental 

space and extended just beyond the mucogingival line to provide appropriate 

mechanical access to the intrabony defect. A microsurgical periosteal elevator was 

used to elevate a buccal full-thickness muco-periosteal flap extending from the 

vertical incision to the defect-associated papilla. A specifically designed angled tunnel 
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elevator facilitated the interdental tunnel preparation under the papillary tissue. 

Utmost care was taken to elevate the interdental papilla in full-thickness manner up to 

the intact lingual bone crest. A microsurgical scissor was used to remove the 

granulation tissue from the inner aspect of the defect-associated interdental papilla. 

Excessive thinning of the papilla was avoided not to compromise the blood supply. 

The granulation tissue was removed with a mini-curette. Any residual subgingival 

plaque or calculus was gently removed from the exposed root surface with an 

ultrasonic scaler. The surgical area was thoroughly rinsed with sterile saline and root 

conditioning of the exposed surface was done applying 24% EDTA gel (Pref-Gel, 

Institut Straumann, AG, Basel, Switzerland) for 2 minutes to remove the smear layer. 

Then, the exposed root surface was rinsed with sterile saline just before opening the 

randomisation envelope and treatment was continued basing on the group assignment. 

In the EPP EMD+BS group, EMD (Emdogain, Institut Straumann, AG, Basel, 

Switzerland) was applied to the exposed root surface. Subsequently, a deproteinized 

bovine-derived bone substitute (Cerabone, Botiss Biomaterials GmbH, Berlin, 

Germany) was placed into the intrabony defect. Contamination with blood or saliva 

was prevented during biomaterial application. In the EPP group, the intrabony defect 

was left to fill with a blood clot, as a result of bleeding from the residual bone walls. 

No periosteal releasing incision was performed. Gentle pressure was applied to the 

surgical area using saline-wetted gauze for 1 min to readapt the mucoperiosteal flap. 

Microsurgical suturing technique with 6-0 or 7-0 monofilament suture materials was 

performed for optimal wound closure of the surgical area. 

 

Post-surgical care 

After the surgery, patients received 600 mg ibuprofen and were instructed to take a 

subsequent dose 8 hours later. If necessary, patients were advised to take additional 

tablet and to report. Systemic doxycycline (100 mg b.i.d.) was prescribed during the 

first post-operative week. The patients were asked to refrain from using mechanical 

oral hygiene measures for a period of 4-weeks. During this period, the patients were 

requested to rinse with 0.12% chlorhexidine digluconate mouthrinse for 1 min twice 

daily. The sutures were removed 2 weeks after the surgery. Each patient received 

professional tooth cleaning (performed by S.A.) during the monthly control 

appointments for the following 12 months. 

 

Clinical parameters 

Clinical periodontal parameters were recorded at baseline, which is 3 months after 

completion of initial periodontal therapy. Final clinical outcomes were recorded 12 

months after the regenerative periodontal surgery. Clinical periodontal parameters 

were recorded at 4 sites (mesial, buccal, distal, and oral) of each tooth present except 

the third molars. All clinical measurements at baseline and also 1-year after the 

surgery were carried out by the same examiner blinded to the study group (N.B.). 

Before the study, the examiner was calibrated for the intra-examiner reproducibility 

and accuracy. Full-mouth plaque scores (FMPS) were recorded as the percentage of 

total surfaces exhibiting plaque (O’Leary 1972). Bleeding on probing (BOP) was 

assessed dichotomously (as present or absent) and BOP was deemed positive if it 

occurred within 15 seconds after periodontal probing. Full-mouth bleeding scores 

(FMBS) were then calculated (Cortellini 1993a). PD and recession of the gingival 

margin (REC) were rounded to the nearest 0.5 mm at the deepest location of the 

experimental interproximal site. CAL was calculated as the sum of PD and REC. 

Primary closure of the surgical sites was evaluated on a weekly basis for the first 
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month after the surgery. Any adverse effects such as haematoma, pain, discomfort, 

oedema, and additional painkiller intake were recorded. 

 

Clinical characterization of the intrabony defects during the surgery 

Defects were described as 1-,2-,3-wall or combination defects according to 

Papapanou et al. (2000). Depth of the intrabony component (INFRA) was measured 

as the distance between the crest of the marginal bone and the deepest location of the 

osseous defect, and width of the intrabony defect as the horizontal distance between 

the crest of the marginal bone and root surface. 

 

Surgical and patient-centered outcomes 

Operation time was measured with a chronograph, starting at delivery of local 

anaesthesia till the final suture. Primary closure of the surgical site was checked with 

magnification at the end of surgery and then weekly for 6 weeks. Presence of a 

discontinuity in the soft tissues was registered as wound failure. Patients were asked 

to fill the questionnaire at the end of the surgery to report about intraoperative pain 

and subjective opinion for the discomfort of the procedure. A visual analogue scale 

(VAS) of 100 mm long was used to evaluate the degree of discomfort (0=no 

pain/hardship; 100=unbearable pain/hardship). Patients were asked at week 1 for their 

experience with post-operative pain and discomfort using a standard questionnaire; 

pain intensity was quantified with a VAS essentially as described (Cortellini et al. 

2001, Tonetti et al. 2002). 

 

Data analysis 

CAL gains, residual PD and REC change were the outcome variables. Data within 

each group were expressed as mean ± standard deviation of 15 defects in 15 patients. 

All calculations were performed using the software IBM SPSS Statistics version 25.0. 

To assess normality, the Shapiro-Wilk test was applied. Repeated measures ANOVA 

(baseline and 1-year) and Independent samples Student t-test were used for normally 

distributed parameters. Wilcoxon’s test for intragroup comparisons and Mann-

Whitney U test for intergroup comparisons were used for parameters that were not 

normally distributed. 

The level of significance used in the statistical analyses was set at 5% (α ≤ 0.05). 

Assuming a standard deviation in CAL gain of 1.0 mm, a sample size of 28 patients 

(14 patients per group) was estimated to have an 83% power to detect a difference of 

1.0 mm in CAL gain between groups by using a parametric test with a 0.05 two-sided 

significance level (Trombelli  et al. 2010).  

 

Results 

Experimental population and characteristics of surgical sites 

Thirty patients were enrolled in this randomised-controlled clinical trial. The EPP 

alone was applied in 15 subjects (mean age 43.93 ± 12.85 years, range 21-63 years, 7 

females). The EPP EMD+BS was applied in other 15 subjects (mean age 44.93 ± 

13.06 years, range 22-60 years, 5 females). There was no drop-out throughout the 

study protocol and no missing data for the statistical analysis. 

The two experimental groups were homogeneous and well-balanced, with no 

statistically significant differences according to age, gender, tooth type, severity, and 

morphology of the intrabony defects (Table 1). The experimental defects were mainly 

combination of 2-wall components (86% of defects for the EPP EMD+BS group; 

93% of defects for the EPP group). 
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Post-surgical and early healing phase 

The surgical time for EPP alone was rather short (55.07 ± 7.86 min, range 39-68 min). 

Slightly longer surgical time was required for EPP EMD+BS that accounted for 65.4 

± 10.94 min on average (range 50-93 min). The difference between the two groups 

was statistically significant (p<0.01). 

Primary closure of the defect-associated papilla and single vertical incision was 

obtained in all treated sites (100% primary closure rate), irrespective of regenerative 

biomaterial application or not. No adverse events (e.g. oedema or haematoma) were 

noted in any of the treated sites. 

None of the subjects reported severe intraoperative pain or subjective feeling of 

hardship of the surgical procedure at the end of the intervention. On day-4, none of 

the patients reported any post-operative pain. A slight discomfort was reported by two 

patients (13.3%) of the EPP EMD+BS group (mean VAS 9.33 ± 9.03) and by one 

patient (6.7%) of the EPP group (mean VAS 8.33 ± 9.38). The difference between the 

two groups did not reach statistical significance (p=0.757). The mean additional 

painkiller intake was 0.87 ± 0.74 tablets for the EPP EMD+BS group and 0.73 ± 0.88 

tablets for the EPP group, without inter-group significant differences (p=0.296). 

 

Clinical outcomes at 1-year 

Clinical characteristics at baseline and 1-year are shown in Table 2. Both groups 

presented with low levels of FMPS and FMBS, shallow residual probing depths, 

significant amounts of CAL gains and very limited increase in gingival recession.  

CAL significantly decreased from baseline to 1-year for both groups; however, no 

statistically significant differences were found in CAL change between groups 

(p=0.983). Eight EPP EMD+BS defects (53%) showed a gain ≥6 mm; five defects 

(33%) 5 mm; and two defects (14%) 4 mm. Seven EPP defects (47%) showed a gain 

≥6 mm; five defects (33%) 3 to 4 mm; and three defect (20%) 4 mm. 

PD significantly decreased from baseline to 1-year for both groups; however, no 

significant differences were found in PD reduction between the groups (p=0.866). 

Five EPP EMD+BS defects (33%) showed residual PD of 2 mm, eight defects (53%) 

3 mm; and two defects (14%) ≥4 mm. Three EPP defects (20%) showed residual PD 

of 2 mm, nine defects (60%) 3 mm; and three defects (20%) ≥4 mm. 

REC increased from baseline to 1-year for both groups. No statistically significant 

differences were found in REC increase between the two groups (p=0.523). No 

gingival recession occurred in nine of EPP EMD+BS defects (60%) and eight of EPP 

defects (53%). 

 

Conclusions 

Within the limits of the present study: 

-EPP with and without regenerative biomaterials seems to provide ideal conditions 

during the early and late wound healing phases. However, the addition of the 

regenerative biomaterials did not improve the overall clinical outcomes, statistically. 

Long-term results are needed to confirm the stability of the present findings. 

-Completely preserved interdental papilla revealed 100% primary closure in all 

treated sites. This phenomenon probably further enhanced the stability of the blood 

clot and no soft tissue complication or wound failure was observed. 

-Patient-centered outcome measures clearly demonstrated the clinical applicability of 

the EPP, as a minimally invasive surgical approach. 
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-Based on the obtained results, it can be concluded that improvements in flap design 

and execution seem to be more efficient than the regenerative biomaterials when 

applied in appropriate intrabony defect configuration. 
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Figure 1. Representative case treated with the entire papilla preservation technique (EPP 

group) without regenerative materials. (a) Ten mm preoperative probing depth at the 

distal side of the maxillary left lateral incisor. (b) Interdental tunnel preparation by 

undermining the defect-associated papilla. Note the elasticity of alveolar mucosa and 

full access to the defect area by the help of a single vertical incision. (c) Defect 

measurement with UNC-15 periodontal probe. (d) After the application of 24% 

EDTA gel, bleeding from residual bone walls. (e) Primary closure of surgical area 

following the blood clot formation using microsurgical knots and intact interdental 

papilla. (f) 14 days after the surgery. (g) Excellent wound healing and integrity of 

defect-associated interdental papilla. (h) The 1-year photograph shows a 3 mm of 

residual probing depth and a CAL gain of  7 mm. No gingival recession occurred (i) 

Baseline radiograph. (j) 1-year radiograph. 
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Table 1. Patient characteristics and clinical parameters measured at baseline. 

 
 

EPP EMD+BS (N=15) EPP (N=15) Significance (p) 

Gender (female/ male) 

5/ 10 7/ 8 0.456 

Age (mean ± SD) 

44.93 ± 13.06 43.93 ± 12.85 0.755 

Tooth type (incisor/ canine/ 

premolar/  molar) 10/ 1/ 2 / 2 6/ 1/ 4/ 4 0.263 

FMPS (%) 

13.93 ± 2.31 13.13 ± 1.55 0.517 

FMBS (%) 

9.4 ± 1.95 10.2 ± 1.32 0.452 

PD (mm) 

9.33 ± 2.87 9.26 ± 1.65 0.409 

CAL (mm) 

11.66 ± 3.45 11.4 ± 2.17 0.690 

REC (mm) 

2.33 ± 1.23 2.13 ± 1.12 0.697 

INFRA (mm) 

6.63 ± 2.74 6.7 ± 1.62 0.329 

Intrabony width (mm) 

3.08 ± 0.81 3.04 ± 0.63 0.901 

CEJ-BD (mm) 

12.8 ± 3.5 12.48 ± 2.12 0.648 

X-ray angle (deg.) 

28.8 ± 8.76 29.33 ± 9.48 0.874 

Main defect configuration 

(-1/ -2/ -3 wall) 0/ 13/ 2 0/ 14/ 1 1 

 
FMPS, full-mouth plaque score; FMBS, full-mouth bleeding score; PD, probing depth; CAL, 

clinical attachment level; REC; gingival recession; INFRA, depth of the intrabony component 

of the defect; CEJ-BD, cemento-enamel junction and the bottom of the defect; Intrabony 

width, horizontal distance from the root surface to the alveolar bone crest. 
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Table 2.  Clinical outcomes at baseline and 1-year after treatment. 

 
Parameter Baseline 1-year Change p 

CAL 

EPP EMD+BS 11.66 ± 3.45 5.36 ± 1.85 6.3 ± 2.5 <0.001 

EPP 11.4 ± 2.17 5.56 ± 1.74 5.83 ± 1.12 <0.001 

p 0.690 0.6 0.983  

PD 

EPP EMD+BS 9.33 ± 2.87 2.83 ± 0.74 6.5 ± 2.65 <0.001 

EPP 9.26 ± 1.65 3.06 ± 0.79 6.2 ± 1.33 <0.001 

p 0.409 0.404 0.866  

REC 

EPP EMD+BS 2.33 ± 1.23 2.53 ± 1.36 -0.2 ± 0.25 0.14 

EPP 2.13 ± 1.12 2.5 ± 1.4 -0.36 ± 0.54 0.14 

p 0.697 0.932 0.523  

 
CAL, clinical attachment level; PD, probing depth; REC; gingival recession. 

 
 
Table 3. Surgery-related outcomes. 

 

 EPP EMD+BS(N=15) EPP (N=15) Significance (p) 

Time 65.4 ± 10.94 55.07 ± 7.86 <0.01 

Hardship (VAS) 18.33 ± 6.17 17.67 ± 5.62 0.812 

Pain intensity 

(VAS) 

9.33 ± 9.03 8.33 ± 9.38 0.757 

Painkiller tablets 

(n) 

0.87 ± 0.74 0.73 ± 0.88 0.296 

Post-operative 

discomfort (n) 

2 (13.3%) 

 

1 (6.7%) 1 

Post-operative pain 

(n) 

1 (6.7%) 1 (6.7%) 1 

 
Time, chair-time measured from delivery of anesthesia to completion of the surgical 

procedures, in minutes; Hardship, personal opinion of the patient for the hardship of the 

procedure, in 100 mm VAS scale; Painkillers, the number of pain killers taken in addition to 

the 2 compulsory ones delivered after the surgery; Post-operative discomfort and pain, as 

questioned at 1-week recall visit; the intensity of pain measured with VAS scale. 
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Abstract 
The aim of this in vitro study was to evaluate the efficacy of chemical and mechanical methods 
used for decontamination of titanium dental implants previously infected with polymicrobial 
biofilms in a model simulating a peri-implant defect. Furthermore, the effect of each 
decontamination protocol on MG-63 cells morphology and adhesion to the treated implants 
was assessed. A polimicrobic biofilm has been grown on 40 implants. Before treatment the 
implants were placed into a model simulating a peri-implant defect. Implants were randomly 
assigned to 5 treatment groups: 1) no treatment, 2) air-abrasion without any powder, 3) air-
abrasion with powder of erythritol, amorphous silica and 0.3% chlorhexidine (ESC), 4) a 
sulfonic/sulfuric acid solution alone (HBX), or 5) a combination of ESC and HBX (ESC+HBX). 
From 5 implants per group the remaining colonies were counted (as log10CFU/mL) for each 
bacterial strain and for the total number of colonies. The remaining 3 implants per group and 
3 non-contaminated implants were used to assess biocompatibility after treatment. A 
significant decontaminant effect was achieved using the HBX alone or in combination with 
ESC while no differences were shown between the groups receiving other treatments. 
Moreover treatments with HBX were able to reduce the contamination of the implants to a 
level that didn’t interfere with MG-63 regrowth. 
 
 
Introduction 
 
The main cause of peri-implant diseases is bacteria (1,2). Therefore the treatment of these 
diseases is targeted on effective removal of the microbial biofilm (3). Peri-implant mucositis 
and incipient forms of peri-implantitis might be treated by non-surgical debridement. 
Anyway, more severe forms of peri-implantitis often require additional therapy, since the 
morphology of the fixture offers macroscopic and microscopic repair to bacterial cells 
harbored on the surface and the results of non-surgical treatment of such conditions is usually 
unpredictable.  
A variety of chemical and/or mechanical methods have been tested for treatment of implant 
surface, but none was found to be superior to others (4). A recent systematic review (5) 
showed that air powder abrasion with glycine powder may result in better clinical outcome 
than other approaches, even if complete resolution of the disease was still unlikely. Air 
powder abrasion has shown some advantages in terms of biofilm removal in some in vitro 
experiments when compared to other treatment approaches (6). However, complete surface 
cleaning is not achievable irrespective of the surgical or non-surgical approach (7,8). For this 
reason a combination of mechanical and chemical methods has been claimed to provide 
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better results. In recent years, new approaches have been proposed to treat biofilm-induced 
diseases. A novel topical sulfonic/sulfuric acid (HBX) solution has been developed. The sulfate 
components strongly absorb water from vital organic biofilm components. The result is a 
coagulation of the entire biofilm matrix that i) destroys its attachment mechanisms to the 
underlying tissues, and ii) kills bacterial cells (12). Up to now, the use of HBX alone or in 
combination with air powder abrasion has shown promising results for the non-surgical 
treatment of acute periodontal abscesses and peri-implantitis (13,14,15). 
Another important aspect of implant surface decontamination is the effect of treatment 
modalities on the surface topography and chemical composition that may impair the re-
osseointegration. Sodium bicarbonate or a powder composed of erythritol, amorphous silica 
and 0.3% chlorhexidine (ESC) have been demonstrated effective to remove biofilm from 
rough implant surfaces without interfering with osteoblast growth over the previously 
contaminated titanium surface (9-11) whilst chemicals such as chlorhexidine (CHX) and citric 
acid (CA) has been proven to adversely affect cellular regrowth after treatment. 
For these reasons, the aim of this study was the evaluation of the decontamination potential of 
HBX application followed by air-abrasion with ESC powder on previously biofilm-
contaminated implants in terms of residual viable bacterial load measured in log10CFU/ in 
comparison with the treatment with HBX alone, ESC alone, with air-abrasion without any 
powder and no treatment. Furthermore, the effect of each decontamination protocol on MG-
63 cells morphology and adhesion to the treated implants was assessed. 
 
 
Materials and Methods 
 

Forty-three sterile dental implants (OSSEOTITE® CERTAIN™ IOS IMPLANT 4.00mm x 
11.50 mm; BIOMET 3i LLC, Palm Beach Garden, FL, USA), were included into the study. 
 
Implants contamination 
A polymicrobial biofilm has been grown on 40 implants. In order to develop a vial 
polymicrobial biofilm in vitro the following bacteria have been obtained commercially and 
used:  
 Staphylococcus aureus (ATCC25923) 
 Staphylococcus epidermidis (ATCC49461) 
 Streptococcus anginosus (ATCC33397) 
 Streptococcus salivarius (ATCC13419) 
 Streptococcus mitis (ATCC9811) 
 Fusobacterium nucleatum (ATCC10953) 
 Capnocytophaga ochracea (ATCC27872) 
 
Whole unstimulated saliva was collected from 10 periodontally healthy volunteers. Subjects 
who used antibiotics in the previous two weeks have been excluded from the donators. Saliva 
has then been pooled, aliquoted and stored at -20°C. 
Biofilm has been grown on 40 dental implants (BIOMET 3i LLC, Palm Beach Garden, FL, USA) 
in medium consisting of 60% of whole unstimulated saliva and 40% brain heart infusion 
(BHI). In brief, each bacterial strain has been separately cultured on CDC ANAEROBE +5% SB 
plates for 48h at 37°C in CO2 (S. aureus, S. epidermidis, S. anginosus, S. salivarius, S. mitis e C. 
ochracea) or in anaerobic conditions (F. nucleatum). Then, a bacterial suspension 4 McF (1200 
X 106 CFU/ml) in BHI has been prepared. Saliva aliquots were defrosted and the bacteria 
contained in it were identified by mean of the MALDI-TOF (Matrix Assisted Laser Desorption 
Ionization – Time of Fly). 
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Forty dental implants have been then incubated in 3ml of defrosted pooled saliva in anaerobic 
conditions at room temperature for 4h, in order to promote the formation of the acquired 
pellicle (16). Next, saliva has been substituted with 1.8ml of defrosted pooled saliva, 1.2ml of 
BHI and 602ml of mixed bacterial suspension (86µl of suspension 4 McF per each strain) that 
has been removed and renewed 16h after. At 40h the implants have been washed and the 
culture medium renewed. Incubated dental implants had been repeatedly washed with sterile 
saline after 16h, 20h, 24h, 40h, 44h, 48h and 64h. Total time of anaerobic incubation was 64h 
at 37.0 °C. 
 
Model of peri-implantitis defect 
A model that simulated a crater-like peri-implant defect was created by the mean of an 
aluminum hemisphere of 1 cm of diameter inserted into dental impression material (EliteHD+ 
Putty Normal Set; Zermack, Badia Polesine Italy) contained into a squared plastic box. 
Implants were then placed into the model that simulated a peri-implant defect with a 5mm 
deep intrabony, crater-like component and a 5mm deep suprabony component. 
 
Implants decontamination 
Fourty contamined implants were randomly assigned to five different groups including 4 
decontaminating procedures and 1 control group by the use of a computer generated random 
sequence of numbers (SPSS 24.0; SPSS Inc., Chicago, IL, USA). : 

- Group ESC: air powder abrasion with ESC alone (Air- Flow Master®, E.M.S. Electro 
Medical Systems GmbH, Munich, Germany; Air-Flow® Plus Sub+Supragingival, E.M.S. 
Electro Medical Systems GmbH, Munich, Germany); 

- Group HBX: HBX alone (EPIEN MEDICAL, Saint Paul, MN, USA); 
- Group HBX+ESC: combination of air powder abrasion with ESC and HBX; 
- Group AW: using only a spray of air and water coming from the air abrasive device. 
- Group C: no treatment 

In groups ESC and HBX+ESC, air flow system was used on the dental unit and set at a static 
water pressure of 4.5 bar and a static air pressure of 6 bar for each specimen. Cleansing time 
was set at 120 seconds per implant with circumferential movements going all around the 
implant surface. Efforts were made in order to maintain the spray as perpendicular to the 
implant long axis as possible.  
In groups EBX and HBX+ESC, HBX was applied for 20 seconds to the implant surface 
proceeding from the most apical part of the defect to the most coronal part of it with circular 
movements. When the treatment procedure was the combination of ESC and HBX, the latter 
was applied before the ESC. At the end of the treatment procedures all the implants, including 
those of group C, were gently rinsed for 60 seconds with sterile saline solution. 
 
Microbiological tests  
Quantification of viable bacterial cells 
After decontamination, 5 implants per group were randomly selected and were placed into 
15ml Falcon tubes. They were immerged in a 0.1% dithiothreitol solution (DTT), and vortexed 
for 15 minutes in order to remove the residual biofilm. Then implants were removed and the 
DTT solution has been centrifuged for 5 minutes at 2500 rpm. The supernatant has been 
eliminated and the resultant cell suspension was serially diluted (10-fold). 20µl of suspended 
bacteria were collected and aliquots of 10µl were plated in duplicates on blood agar plates 
supplemented with 5% defibrinated horse blood. Per each dilution two plates were incubated 
anaerobically (Gas Pak, Becton, Cockeysville, USA) and the conditions were controlled with 
affiliated indicator strips. Other two plates were incubated aerobically both at 37°C for 48h. 
The resulting colonies were counted (as CFU/mL) for each bacterial strain and for the total 
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number of colonies. F. nucleatum, and Propionibacterium acnes, which was present in the 
pooled saliva, were counted on plates in anaerobic conditions. The other bacterial species 
were counted on the plates in aerobiosis. Only plates containing between 25 to 250 colonies 
were considered valid (Tomasiewicz, Hotchkiss, Reinbold, Read, & Hartman, 1980). Counts 
were provided according to bacterial species and total bacterial counts. All counts were then 
transformed into the log10CFU/ml.  
Identification of bacterial cells 
The identification of the bacteria grown on culture plates has been performed using the 
MALDI-TOF. 
 
Biocompatibility test 
The remaining 3 implants per treatment group and the 3 non-contaminated/non-treated 
group (group NC) (total 18 implants) were used for the biocompatibility test. 
Osteoblast-like Cells regrowth on treated implants 
Immediately after treatment, osteoblast-like cells (osteosarcoma cells; MG-63; ATCC® CRL-
1427™; LGC Standards, Wesel, Germany) were seeded onto the top of implants. Before cells 
were seeded, 1.3 ml of media was placed in each micro-plate well containing the implants. 
Then, 150 µl of cell suspension, adjusted to 1.5 x 105 cells/ml, were pipetted in meandering 
pattern above prepared specimen. The cells were cultured in Dulbecco's Modified Eagle's 
medium (DMEM) with 10% Fetal Bovine Serum (FBS) without phenol red and any antibiotics 
(to allow concomitant biofilm re-growth) at 37°C in a humidified atmosphere with 5% CO2 for 
5 days, without media changing. Cells were cultivated in tissue culture flasks (Eppendorf Italia 
Srl, Milan, Italy) and were split at approximately 80% of confluence by trypsin (0.05%)/EDTA 
(0.02%) solution (Sigma-Aldrich, Milan, Italy), stopped with DMEM containing 20% FBS, to 
attain an adequate number of cells. 
Influence of Decontamination on MG-63 growth 
In order to assess the effect of each decontamination protocol on the MG-63 morphology and 
adhesion to implant surface, after incubation period, samples were fixed with  2.5%  
glutaraldehyde  in  buffered  saline  solution,  dehydrated  through  a  graded  series  of  
alcohol,  dried and observed at Scanning Electron Microscope (SEM) for morphological 
assessments and Backscattered Electron Microscope (BES) for semi-quantitative analysis 
(Jeol Nikon JCM-6000P, at 15 kV). All implants were photographed by a blind operator (GP). 
For each implant, (a) one photo at low magnification (20x) was taken to describe cells 
distribution on implant surface; (b) 6 photos at a total magnification of 55x were taken in the 
area where cells had been seeded to perform semi-quantitative analysis; (c) high 
magnification photos (440x to 1500x) were taken on few randomly selected samples to assess 
the cellular morphology.  
The percentage of implant surface covered by adherent cells was calculated by the same blind 
operator (GP) on 55x photos using an image analysis system (adobe, Photoshop CS5).  
 
Statistical analysis 
In order to assess the decontaminant effect of the different treatment methods the viable 
CFU/ml was determined per each identified bacterial species and per the total bacteria grown 
on culture plates from duplicate experiments to provide stringent estimates of reliable results 
of CFU/ml drawn from this specific methodology. Thereafter, CFU/ml was calculated and the 
results were converted in the log scale to obtain a normal distribution. Inter-group log 
reduction was provided.  The results were statistically analyzed using SPSS 24.0 (SPSS Inc., 
Chicago, IL, USA). Kologorov-Smirnof test revealed normal distribution of data (p > 0.005) for 
all groups except for group ESC (p < 0.005). Levene’s test revealed heterogeneity of variances 
(p < 0.005). Since the variance was not homogenous, Kruskal-Wallis test was run. In order to 
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investigate inter-group differences pair-wise comparisons were performed. P-value was set at 
0.05. The influence of decontamination treatment on cellular adhesion was analyzed by 
descriptive statistics. The percentage of implant surface covered by MG-63 cells was 
computed for all samples (n=3) of each group, then mean and standard deviation were 
calculated for each group. 
 
 
Results 
 
Microbiological test - Quantification of viable bacterial cells 
The effect of the five different decontamination methods on the viability of the implant-
associated biofilm (log10 CFU/ml) is shown in Figure 1.  
The presentation of the results is according to the type of treatments and viable log10CFU/ml. 
Means, medians, standard deviations, minimum, and maximum of log10CFU/ml per the total 
bacterial counts are presented in Table 1. The Kruskal-Wallis test revealed that at least one 
group was different from the others (p = 0.001). Pair-wise comparisons showed that the use 
of HBX and the combination of HBX + ESC were superior to group C (p = 0.012 and p = 0.037 
respectively) in reducing total bacterial counts. HBX performed also better than AW (p = 
0.018). The differences between the HBX + ESC and AW were on the threshold of statistical 
significance (p = 0.056). 
The percentage reduction of total viable log10CFU/ml is reported in Table 2.  
The MALDI-TOF identified the following bacteria in the pooled defrosted saliva: Pseudomonas 
aeruginosa, Serratia marcescens, Streptococcus parasanguinis, Streptococcus faecalis, Klebsiella 
Oxytoka, Granulicatella adiacens, P. acnes, and Micrococcus luteus. Limit of detection (LOD) 
was < 1.0 x 102  CFU/ml. Limit of quantification (LOQ) was set at < 2.5 x 103 CFU/ml. Means, 
medians, standard deviations, minimum, and maximum of log10CFU/ml per single species are 
presented in Table 3.  
The bacteria detected on all implants of group C were S. epidermidis, S.anginosus, S.mitis, 
S.salivarius, P. aeruginosa, S. marcescens, and S. parasanguinis. Changes in terms of log10 
CFU/ml are presented in Figure 2. Treatment HBX and HBX + ESC resulted in a shift of viable 
CFU/ml under the LOD on all the treated implant for S. epidermidis, S. anginosus, S. salivarius. 
S. parasanguinis was undetectable in all the implants receiving HBX or HBX + ESC either, 
except for 1 implant in the group HBX + ESC, however it was under the LOQ [estimated 2.40 
log10(CFU/ml)]. S. mitis, P. aeruginosa, and S. marcescens were significantly reduced, but were 
still detectable on the majority of the implants despite always being below the LOQ. Estimated 
values have been reported anyways. 
 
Biocompatibility test - Influence of Decontamination on MG-63 morphology and adhesion 
At morphological analysis at SEM, in all groups cells appeared housed on the implant surface, 
with clear cytoplasmic extensions that allow the between cells connection as well as the 
adhesion to the rough surface. No functional orientation was observed in any group. 
At analysis at BES, differences between groups were found on cellular distribution. In group C 
and AW pictures showed spread cells distributed mainly among implant threads. In group C 
bacterial aggregates were visible. In group ESC cells covered homogenously the implant 
surface but were not densely packed. In one specimen no cell was visible. In groups HBX, 
HBX+ESC and NC cells were more densely packed on the implant surface. However in one 
specimen of group HBX, few cells covered the implant surface (Figure 3). Semi-quantitative 
analysis revealed a trend toward an increasing percentage of implant surface covered by 
adherent cells from group C to group HBX+ESC and NC (Table 4).  
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Conclusions 
 
 In the present in vitro model treatment with HBX either alone or in combination with 
ESC provided a significant decontaminant effect on previously contaminated implants while 
no differences were shown between the groups receiving other treatments. Moreover, it was 
observed that the percentage of implant surface covered by adherent MG-63 cells after 5 days 
of incubation was influenced by the treatment method. In particular the percentage of surface 
covered by adherent cells showed progressive increase through groups C, AW, ESC, HBX, 
HBX+ESC, and NC. 
 In recent years, the most used antimicrobial agents have been CA, CHX and hydrogen 
peroxide (H2O2). A systematic review identified CA as the most effective agent against single-
species or multi-species biofilms killing up to 99.9% of bacteria (17) . CA also demonstrated 
some potentiality in the removal of single-species biofilm from titanium surfaces (17,18).  
However it often does not achieve complete removal with effectiveness equivalent to those of 
water and saline rinses. CHX has shown good and limited bactericidal effect against early and 
mature biofilms, respectively , but no cleaning properties per se (18,19,20). H2O2 has a 
moderate to good bactericidal effect, but no obvious cleaning properties (18,19,21). 
Interestingly in our research, we demonstrated that HBX is able to produce a significantly 
greater reduction of viable bacteria compared to group C (99.99% greater bacterial load 
reduction ). In a previous paper it was reported that 40% CA followed by PBS rinses was 
unable to inactivate 12-hours old bacterial biofilms formed on smooth titanium discs 
intraorally in humans after submerging the discs in it for 1 minute (19), probably due to the 
glycocalix which protects the bacteria. On the other hand, we demonstrated that HBX followed 
by saline rinses was able to completely suppress S. epidermidis, S. anginosus, S. salivarius, and 
S. parasanguinis and reduce significantly S. mitis, P. aeruginosa, S. marcescens and the total 
viable CFU/ml also when not combined with ESC. This could be explained by the anti-biofilm 
properties of HBX (12).  
 If we take into consideration that mechanical debridement with air abrasive devices 
has been proven to leave consistent amount of untouched implant surface in conditions 
simulating a surgical access (8) we can assume that disinfection of infected titanium surfaces 
by mechanical means only, might not be adequate. This is in agreement with previous studies 
(22,23), which concluded that mechanical debridement alone was insufficient for biofilm 
disruption or elimination due to the complex implant surface topographies, and claimed for a 
combination of mechanical and chemical modalities of implant surface decontamination. In 
our study implant surface decontamination with ESC alone didn’t differ in terms of residual 
viable log10CFU/ml from groups receiving no treatment. This is in contrast with the 
conclusions of a systematic review which found the in vitro cleaning efficacy of air-powder 
abrasive devices consistent (24). In general studies using sodium bicarbonate, glycine or ESC 
in vitro reported more than 84% removal of bacteria or bacterial products irrespective of the 
surface type (10,25,26). Conversely, in the present research ESC failed to reduce significantly 
the viable counts of bacteria on implant surfaces (72.44%), probably because the model of the 
peri-implant defect and the screw-shaped implants impeded the direct abrasion of the biofilm 
from the majority of the implants surface. In fact the studies reporting promising results for 
air-powder abrasive were in general performed either on titanium discs (10,11,25,27) or 
implants outside of peri-implantitis defect model (26) where the air abrasive could easily 
reach the whole titanium surface. However this is not the case during clinical practice, where 
accessibility is a major issue. 
 Interestingly, we found no differences in terms of residual viable log10CFU/ml between 
AW and ESC. This is in contrast with the findings of two in vitro studies performed on 
titanium discs (27,28), which demonstrated that the use of an air abrasive device without 
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powder (only water) resulted in significantly less biofilm removal compared with the use of 
the same device with different powders. A possible explanation for this difference resides 
again in the limited accessibility for the powder to the implant surface due to the peri-implant 
defect model and/or the implant macrostructure.  
 Within the limitation of this study it has been demonstrated that different treatment 
modalities have different impacts on the MG-63 cells proliferation. Semi-quantitative analysis 
showed HBX alone or in combination with ESC may reduce the bacterial load to an extent, 
which may render the previously contaminated implant surfaces as biocompatible as the non-
contaminated controls. Conversely, treatment with AW or ESC showed a percentage of 
covered implant surface which was lower. This is in line with the results obtained in the first 
part of the experiment, where it was demonstrated that neither AW or ESC were able to 
significantly reduce the bacterial load on contaminated implants.  Schwarz et al.  (29) 
previously observed that the plaque removal efficacy of various mechanical methods used for 
the treatment of peri-implantitis failed to predict the biologic response of decontaminated 
titanium surfaces and did not restore their biocompatibility. This may be partially in contrast 
with the findings of the present study in which it may be observed that the detoxification 
potential of the treatment modalities is directly related to the cellular growth close to the 
implants. 

We observed that HBX didn’t prevent osteoblast-like cells to recolonize the implant 
surface. This is different from previous reports on other chemical decontaminants such as 
CHX or CA. Kotsakis et al.  (30) showed that CA and CHX has cytotoxic activity, and cellular 
growth was inhibited in the CHX group compared to non contaminated controls. CA has been 
demonstrated to possess a transient inhibitory effect of on osteoblastic cell proliferation that 
last for approximately 5 days (31). In the present study it was observed that in the groups 
that received HBX cellular morphology was not altered and may be related to no or limited 
cytotoxic activity by HBX. This is further confirmed by the tests for cytotoxicity using the ISO 
Agarose Overlay with L-929 Mouse Fibroblast Cells method performed with HBX when it was 
considered to be non-toxic under the conditions of that test.    

In conclusion, within the specific conditions and limitations of this in vitro study, it has 
been demonstrated that, despite the limited accessibility due to the model simulating the peri-
implant Class Ie defect, a significant decontaminant effect on the moderately rough implants 
involved in this study was achieved using the sulfonic/sulfuric acid solution in gel while no 
differences were shown between the groups receiving other treatments. Moreover treatment 
with HBX and the combination treatment with HBX and ESC were able to reduce the 
contamination of the implants to a level that didn’t interfere with MG-63 cells growth on the 
decontaminated implants. These findings prompt further investigations on dental implants 
decontamination using chemical decontamination. Combination of physical and chemical 
therapy may provide more predictable results in the future. 
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Figure 1.  Total viable log10(CFU/ml) in the five treatment groups. 

 
 
Figure 2. Changes in terms of log10 CFU/ml of S. epidermidis, S.anginosus, S.mitis, S.salivarius, P. 

aeruginosa, S. marcescens, and S. parasanguinis in the five treatment groups.
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Figure 3.  55x microphotographs of the implants from different experimental groups 
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Table 1 -  Mean, median, standard deviation, minimum, and maximum of total viable log10(CFU/ml) in the 

five treatment modalities 

Treatment modality Mean Median St. Dev. Min Max 

      

C
a;c 

7.48 7.43 .12 7.41 7.69 

AW
b 

7.48 7.43 .15 7.31 7.70 

ESC 7.34 7.38 .10 7.18 7.45 

HBX
a;b 

3.14 3.08 .21 2,90 3.39 

HBX + ESC
c 

3.23 3.38 .24 2.90 3.43 

a
, p = 0.012; 

b
, p = 0.018; 

c
, p = 0.037 

 
 
Table 2 – Logaritmic reduction and percentage reduction of total viable  log10(CFU/ml)  in the treatment 

modalities compared to group C 

Treatment 

modality 

Log reduction 

Percentage 

(%) 

   

C - - 

AW 0 0 

ESC 0.14 72.44 

HBX 4.34 99.99 

HBX + ESC 4.25 99.99 
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Table 3 
 
Table 3 – Mean ± standard deviation viable log10(CFU/ml) in the five treatment modalities for each bacterial species. 

Bacterial Species C AW ESC HBX HBX + ESC 

      

S. aureus 4.28 ± 2.37 3.54 ± 2.52 2.62 ± 2.06 < 2.00 < 2.00 

S. epidermidis 6.47 ± 0.16
a 

5.46 ± 2.12 4.44 ± 2.50 < 2.00
a 

< 2.00
a 

S.anginosus 6.61 ± 1.00
b 

6.53 ± 0.08
c 

6.46 ± 0.11 < 2.00
b;c 

< 2.00
b;c 

S. mitis/oralis 6.72 ± 0.13
b;e 

6.63 ± 0.20
d 

6.44 ± 0.11 1.99 ± 0.30
b;d 

2.24 ± 0.56
e 

S. salivarius 6.74 ± 0.15
f 

6.60 ± 0.22 6.47 ± 0.19 < 2.00
f 

< 2.00
f 

F. nucleatum 2.59 ± 2.00 3.55 ± 2.54 2.64 ± 2.10 < 2.00 < 2.00 

C. ochracea 2.62 ± 2.06 2.62 ± 2.06 < 2.00 < 2.00 < 2.00 

P.aeruginosa 6.71 ± 0.20
b;h 

6.56 ± 0.20 6.56 ± 0.05
g 

2.03 ± 0.53
b;g 

2.40 ± 0.54
h 

S. marcescens 6.62 ± 0.27 6.66 ± 0.14
j;k 

6.57 ± 0.12
i 

2.49 ± 0.62
i;j 

2.52 ± 0.56
k 

S. parasanguinis 6.08 ± 0.18 6.55 ± 0.25
l;m 

6.59 ± 0.14
f;n 

< 2.00
f;l 

1.98 ± 

0.38
m;n 

S. faecalis 2.56 ± 1.92 3.48 ± 2.44 < 2.00 < 2.00 <2.00 

K. oxytoka 2.56 ± 1.92 3.48 ± 2.44 < 2.00 < 2.00 <2.00 

G. adiacens < 2.00 3.45 ± 2.40 < 2.00 <2.00 <2.00 

P. acnes < 2.00 < 2.00 < 2.00 < 2.00 < 2.00 

M. luteus < 2.00 2.56 ± 1.92 < 2.00 < 2.00 < 2.00 

a
, p = 0.019; 

b
, p = 0.003; 

c
, p = 0.047; 

d
, p = 0.039; 

e
, p = 0.008; 

f
, p = 0.004;  

g
, p = 0.044; 

h
, p = 0.017, 

i
, p = 0.045; j, 

p = 0.019; 
k
, p = 0.022, 

l
, p = 0.006; 

m
, p = 0.029; 

n
, p = 0.020. 
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Table 4 
 
Table 4 – Mean and standard deviation of the percentage of implant surface covered by MG-63 cells in the 5 different 
treatment groups and in the non-contaminated implants 

Treatment Modality Mean St.Dev 

C 7,41% 4,75% 

AW 12,41% 4,38% 

ESC 24,11% 6,72% 

HBX 33,55% 11,33% 

HBX + ESC 51,69% 9,55% 

NC 60,13% 9,34% 
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ABSTRACT 

Aim: to radiographically evaluate the effect of simultaneous implant placement plus alveolar ridge 

preservation (ARP) as compared to ARP or spontaneous healing (SH) on vertical and horizontal 

bone dimensional changes after 4 months of healing. 

Materials and methods: thirty patients requiring extraction of one upper or lower single-rooted 

tooth or premolar were randomly assigned to: immediate implant placement +ARP 

(IMPL/DBBM/CM), ARP (DBBM/CM) or SH. Cone Beam Computer Tomography (CBCT) scans, 

performed before tooth extraction and after 4 months, were superimposed in order to asses: changes 

in ridge height at the buccal and lingual aspect; changes in ridge width at three levels (1mm, 3mm, 

5mm) 

Results: No statistically significant differences between the groups were observed for the vertical 

bone resorption on the buccal and the lingual side, while significant differences were found between 

SH group (-3.37 ± 1.55 mm.; -43.2 ± 25.1%) and both DBBM/CM (-1.56 ± 0.76 mm.; -19.2 ± 

9.1%) and IMPL/DBBM/CM (-1.29 ± 0.38 mm. ;-14.9 ± 4.9 %) group in the horizontal dimension 

at the most coronal aspect. 

Conclusion: a preservation technique, with or without immediate implant placement, reduces the 

horizontal bone morphological changes that occur, mostly in the coronal portion of the buccal bone 

plate following tooth extraction, when compared to spontaneous healing. 

 

 

CLINICAL RELEVANCE  

Scientific rationale for the study: no human study has ever compared simultaneous implant 

placement+ARP to ARP alone and to spontaneous healing. Hence, the question that remains unan-

swered is whether simultaneous implant placement+ARP may influence bone modelling and re-

modelling as compared to ARP or to spontaneous healing. 
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Principal findings: in the horizontal dimension at the most coronal aspect minor dimensional 

changes were observed in DBBM/CM and IMPL/DBBM/CM groups compared to major changes 

observed in SH group  

Practical implications: immediate implant placement in post-extraction sites plus an ARP tech-

nique may be a viable option, to reduce hard tissue morphological changes and treatment time. 
 

 

INTRODUCTION  
It is well known that following the loss of a tooth, severe hard and soft-tissue alterations may take 

place at the affected site (Pietrokovski & Massler, 1967; Schropp et al., 2003), resulting in a subse-

quent reduction of both vertical and horizontal ridge dimensions (Araujo & Lindhe, 2005; Discepoli 

et al., 2013; Van der Weijden et al., 2009; Tan et al., 2012). In many occasions, these bone dimen-

sional changes do not allow either appropriate pontic fabrication or correct placement of endosseous 

implants. 

Over the past 20 years, several surgical procedures, grouped under the term of “alveolar ridge 

preservation” (ARP), have been introduced, aiming to maintain the existing soft and hard tissues as 

well as a stable ridge volume, to simplify subsequent treatment procedures and optimize functional 

and esthetic outcomes (Hämmerle et al., 2012). A recent controlled clinical study (Jung et al., 2013) 

with a 6 month follow-up evaluated different techniques for ARP.  The authors concluded that the 

application of a demineralized bovine bone mineral (DBBM) with 10% collagen into an extraction 

socket, covered either with a collagen matrix or an autogenous soft tissue graft, resulted in less ver-

tical and horizontal changes compared with spontaneous healing or the use of b-tricalcium phos-

phate particles alone without primary closure. Moreover, a conspicuous number of systematic re-

views on this topic have confirmed the efficacy of ARP  in preventing post-extraction dimensional 

changes of the alveolar ridge (Ten Heggler et al., 2011; Vignoletti et al., 2012; Horvath et al., 2012; 

Vittorini Orgeas et al., 2013; Mardas et al., 2010; MacBeth et al., 2017, Avila-Ortiz et al., 2019 ). 

However, when ARP techniques are performed before implant placement, this treatment modality 

requires a minimum of three to six months before implant insertion (De Risi et al., 2015, Avila-

Ortiz et al., 2019), prolonging treatment time and needing a second surgical procedure for implant 

insertion. 

Immediate implant placement (IIP) in fresh extraction sockets was introduced, in order to reduce 

exposure of patients to surgery and may limit physiological bone resorption (Schulte & Heimk, 

1976, Lazzara et al. 1989). However, IIP may not always provide successful clinical outcomes 

(Lang et al., 2012, Tonetti et al., 2017) and it is well known nowadays that this surgical protocol fail 

to prevent the horizontal and vertical ridge alterations (Vignoletti & Sanz, 2014, Vignoletti et al., 

2012; Araujo et al., 2005). This may result in impaired esthetics (Evans & Chen, 2008, Tonetti et 

al., 2017) such as marginal soft tissues recessions, especially when affecting the buccal side of max-

illary sites in patients with a high smile line (Cosyn et al., 2012,) .  

In order to improve the aesthetic outcomes and attenuate the bone dimensional changes several 

techniques have been proposed, such as flapless protocols, immediate provisionalization, connec-

tive tissue grafting, GBR techniques or filling of the gap with a bone replacement graft (Chen & 

Buser, 2014). Although no consensus exists on the efficacy of regenerative techniques at the time of 

immediate implant placement (Clementini et al., 2015), results from a very recent clinical trial 

demonstrated that placing a bone replacement graft in the marginal gap between the implant and the 

buccal bone plate significantly reduced (approximately 0.5 mm) the horizontal dimensional changes 

of the buccal bone after IIP in fresh extraction sockets. (Sanz et al., 2017). 

The body of evidence on the treatment of extraction sockets indicates that ARP is an effective tech-

nique to reduce the physiological bone dimensional changes that occur after tooth extraction when 

compared to spontaneous healing (Avila-Ortiz et al., 2019). Nevertheless, very limited human evi-

dence is available comparing immediate implant placement to spontaneous healing. Data from pre-

clinical studies demonstrated that both horizontal and vertical buccal bone resorption occurs after 

immediate implant placement when compared to spontaneous healing (Araujo et al., 2005), and 

these morphological changes seems to be more pronounced with immediate implant placement 
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(Discepoli et al., 2015). On the other hand, it is clinically well known that immediate implant 

placement alone fails to prevent the physiologic resorption of the bone crest (Botticelli et al., 2005, 

Clementini et al. 2015), however this process may be reduced to some extent through grafting the 

gap (Chen et al. 2007, Sanz et al., 2017, Clementini et al. 2015). Whether this reduction is similar to 

the reduction provided by ARP is still unknown, since up-to-date no human study has ever com-

pared simultaneous implant placement+ARP to ARP alone and to spontaneous healing. Hence, the 

question that remains unanswered is whether simultaneous implant placement+ARP renders differ-

ent results in term of radiographic bone changes as compared to ARP and spontaneous healing.  

Thus, the aim of this randomized controlled clinical trial was to evaluate the effect of simultaneous 

implant placement+ARP (test treatment) as compared to ARP (control treatment) or spontaneous 

healing (negative control) on bone dimensional changes after 4 months of healing post-extraction. 

The primary objective was to radiographically evaluate the horizontal dimensional changes in mm., 

whereas the secondary objective was to evaluate the horizontal dimensional changes in percentage 

and the vertical dimensional changes in mm. and percentage. 

 

MATERIALS & METHODS  
 

Study design  

This study was a prospective controlled, randomized, clinical investigation according to the CON-

SORT statement (http:/www.consort-statement.org/).  All procedures and materials were approved 

by the local ethical committee (REF:14-034, 24/07/2015) and monitored following the Good Clini-

cal Practice. The trial was registered at http:// www.clinicaltrials.gov/ (REF: NCT03422458)  
 

Sample size  

To calculate the number of patients to be treated, summary statistics (mean and standard deviation) 

reported by Jung et al. (2013) were used for the variable HW-1C, respectively for the control group 

(mean=-3.3, sd=2) and DBBM-C/CM (mean=-1.2, sd=0.8). The effect size resulted equal to 1.4 and 

this value was used to determine the sample size based on a two independent sample Mann-

Whitney test (two-tailed) with a significance level alpha set equal to 5% and power equal to 80%. 

GPower software, v. 3.1, was used. This resulted in 10 subjects for each group. 

 

Population  

Participants were selected on a consecutive basis among patients of the Dental Clinic at University 

Vita Salute San Raffaele, Milan, Italy between January 2016 and January 2018. Patients agreed to 

participate in the study by signing a written informed consent, in full accordance with the ethical 

principal of Declaration of Helsinki on experimentation involving human subjects, as revised in 

2008. 

Inclusion Criteria  

 Adult patients (> 18 years old) requiring extraction (for caries, fracture, prosthetic reasons) 

of one upper or lower single rooted tooth (incisor, canine) or premolar. 

 Presence of adjacent (mesial and/or distal) natural teeth. 

 The presence of an intact extraction socket (evaluated after a flapped tooth extraction), with 

a coronal margin of the buccal bone crest that deviated ≤ 1 mm from the coronal margin of 

the lingual bone crest and ≤ 3 mm from the mesial and/or distal inter proximal bone crest 

(evaluated on the pre-operative CBCT). 

 Systemically healthy patients not smoking more than 10 cigarettes/day.  

 Patients with adequate oral hygiene (FMPS < 25%), and periodontal health (FMBS < 10% 

and absence of PPD > 4 mm with BoP) (Lang & Bartold, 2018). 

Exclusion Criteria  

• Uncontrolled diabetes (HbA1c>7), osteoporosis or any other systemic or local disease or 

condition that would compromise post-operative healing. 

http://statement.org/
http://www.clinicaltrials.gov/
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 Patients with a history of malignancy, radiotherapy, or chemotherapy for treatment of ma-

lignancy. 

 Pregnant patient or intended to get pregnant or currently nursing. 

 

 Patients taking medications or having treatments with an effect on healing in general (e.g. 

steroids, large doses of antiinflammatory drugs, bisphosphonates). 

 

Randomization process and allocation concealment 

Randomization was performed using a computer-generated list by someone not involved in other 

aspects of the study. Allocation concealment was performed by opaque continuously numbered 

sealed envelopes that were opened after tooth extraction and assessment of the integrity of the bone 

plates. 

 

Treatment procedures  
A full thickness envelope flap including the mesial and distal tooth was performed, and the tooth 

was extracted with great care to preserve the buccal bone plate and the surrounding soft and hard 

tissues. Granulation tissue was carefully removed with hand instruments and sterile saline rinses 

were performed. After assessment of the integrity of the bone plates, patients were randomly as-

signed to (Figure 1): 

 Test group (IMPL/DBBM/CM): immediate implant placement, plus a collagenated bovine 

bone mineral grafted into the gap up to the buccal bone crest, sealed with a collagen porcine 

matrix at the soft tissue level. 

 Control group (DBBM/CM): collagenated bovine bone mineral grafted into the socket up to 

the buccal bone crest, sealed with a collagen porcine matrix at the soft tissue level. 

 Negative control group (SH): spontaneous healing.   

 

More specifically, in IMPL/DBBM/CM group an immediate implant (TTi WINSIX®, Biosafin, 

Ancona, Italy) with prosthetically driven placement was performed positioning the platform 1 mm 

subcrestally respect to the most apical crest, in accordance with the guidelines described by the 

company. After implant placement and closure cap insertion, a bone substitute material (Geistlich 

Bio-Oss Collagen; Geistlich Pharma AG, 6110 Wolhusen, Switzerland) was placed in the gap 

formed between the implant surface and the hard tissue walls of the extraction socket. Grafting was 

performed to the level of the palatal and lingual bone crest. Subsequently, after flap replacement, 

the soft tissue borders were de-epithelialized and a collagen porcine matrix (Geistlich Mucograft 

Seal; Geistlich Pharma AG, 6110 Wolhusen, Switzerland) was adapted to seal the graft and the im-

plant using single interrupted resobable sutures. 

In DBBM/CM group a bone substitute material (Geistlich Bio-Oss Collagen; Geistlich Pharma AG, 

6110 Wolhusen, Switzerland) was placed in the extraction socket to the level of the palatal and lin-

gual bone plate. Subsequently, after flap replacement, the soft tissue borders were de-epithelialized 

and a collagen matrix (Geistlich Mucograft Seal; Geistlich Pharma AG, 6110 Wolhusen, Switzer-

land) was adapted to seal the graft using single interrupted resorbable sutures. 
In SH group flap was repositioned with interrupted resorbable sutures and the coagulum within the 

socket was left for spontaneous healing. 

Patients were instructed to rinse twice a day (starting the day after surgery) with 0.2% chlorhexidine 

and received antibiotics (Augmentin 1g) for 6 days and analgesic medication (Ibuprofen 600 mg) if 

needed. All patients were recalled at 7 days for suture removal. Patients then followed their individ-

ual maintenance program according to the individual periodontal and caries risk assessment. Four 

months post-extraction, all patients were recalled for a follow-up in order to schedule the following 

therapies.  
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Clinical measurements 

Full-mouth plaque score (FMPS) (O’Leary, Drake, & Naylor, 1972), full-mouth bleeding score 

(FMBS) (Muhlemann & Son, 1971) and keratinized tissue height (KTH), measured from the most 

coronal extension of gingival margin to the mucogingival line, were recorded with a periodontal 

probe (PCP UNC 15, Hu-Friedy) at baseline and 4 months. Moreover, gingival thickness (GT) was 

assessed at baseline and 4 months, as described in Clementini et al. 2018. All clinical measurements 

were made by a single blinded calibrated examiner (A.A.). 

 

Radiographic measurements  

Before treatment procedures, a cone-beam computed tomography (CBCT) scan was performed us-

ing a 3D exam (NewTom VGi evo, QR S.r.l., Verona), following the producer's prescriptions: reso-

lution of 0.2 mm, scan time: 15 s, exposure time: 1.8 s. After four months post-extraction, all se-

lected patients underwent to a second CBCT scan with the same settings as described above.  

To calculate CBCT measurements a similar approach as the one proposed by Jung et al. (2013) was 

adopted. Firstly, in the baseline data set the distance from the mesial and/or distal bone crest was 

calculated in the axial section, and subsequently the cross section was selected passing through the 

pulp canal of the involved tooth. The  CBCT performed 4 months after tooth extraction was select-

ed by the same procedure, considering the distance from the mesial and/or distal bone crest previ-

ously calculated. Then a computer-assisted (GeoGebra GmbH, Wolfauer Str 90, 4040 Linz, Aus-

tria) superimposition of the original DICOM (Digital Imaging and Communications in Medicine) 

data of the two CBCT scans was done in areas where no changes had taken place during the 4 

months (e.g. the cranial base in the maxilla or the lower border and angle in the mandible respec-

tively). Varying the degree of transparency of the sections, DICOM data of the two CBCT scans 

were manually checked in order to assure a perfect match. Finally the measurements were comput-

ed on the selected scans at baseline and at 4 months, by means of reference the following points and 

lines defined and drawn in the baseline image (Figure 2)  

 Four reference points: the point representing the radiographic apex of the tooth (Apical Cen-

tral Point, ACP) and the point representing the cusp of the tooth (Coronal Central Point, 

CCP). In cases where the crown of the tooth was missing or in cases of bicuspids, a segment 

was traced using 2 points (the most coronal and buccal point and the most coronal and lin-

gual point of the tooth) and the centre of this segment was taken as the coronal reference 

point; two points representing respectively the most coronal buccal (Coronal Buccal Point, 

CBP) and the most coronal lingual (Coronal Lingual Point, CLP) portion of the buccal and 

lingual bone plates.  

 Eleven reference lines, subsequently drawn, as follows: a vertical central line (VCL), in the 

center of the socket, which crosses the apical (ACP) and coronal  (CCP) central reference 

points; a vertical buccal line (VBL) and a vertical lingual line (VLL), parallel to the VCL 

and crossing respectively the most coronal point of the buccal (CBP) and lingual (CLP) 

bone crest; the buccal bone crest line (BCL_B) and the lingual bone crest line (BCL_L) 

connecting respectively the most coronal point of the buccal (CBP) and lingual (CLP) bone 

crest and perpendicular to VCL; the horizontal lines, perpendicular to the VCL drawn in 

precedence at 1, 3, 5 mm and parallel to the straight lines passing through CBP (BCL_B) 

and CLP (BCL_L). . 

With respect to these reference points and lines, the following measurements were performed in 

mm.:  

• thickness of the buccal and lingual bone plate at three levels (1 mm, 3mm and 5mm), only at base-

line; 

• vertical ridge height, measured at the buccal and lingual site, at baseline and 4 months; 

• mid-buccal and mid-lingual horizontal ridge width, measured at 1 mm, 3 mm, 5 mm below re-

spectively the CBP and CLP, at baseline and 4 months. 

In addition, the following dimensional changes over time, based on the measurements performed at 

baseline and at 4 months, were assessed and expressed both in percentages and in mm:  
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 changes in ridge height at the buccal and lingual aspect;  

 changes in ridge width at three levels (1mm, 3mm, 5mm) respectively of the whole ridge, 

from the middle of the ridge to the buccal bone crest and from the middle of the ridge to the 

lingual bone crest. 

All superimpositions of CBCT images and measurements of morphological changes were made by 

a single calibrated examiner (W.C.), who superimposed and measured, 24 hours apart, baseline and 

4 months CBCT images of 3 different cases not included in the study. Intraclass coefficient correla-

tion (Bliese, 2000) was 0.9891839. 

 Data analysis  

Descriptive statistics were provided for all the measures collected in the study. To test whether 

treatment groups were different, Kruskal-Wallis test, i.e., the non-parametric counterpart to stand-

ard ANOVA, followed by post-hoc analysis (Dunn's pairwise test and Bonferroni's adjustment of p-

values), has been applied for comparison of differences between groups. 

 

All the analyses were performed using R statistical software (R Development Core Team, 2016). In 

all the analyses, the significance threshold was set at 0.05. 

 

 

RESULTS 

The study population consisted of 32 subjects that were screened for participating in this clinical 

trial from 2015 to 2018. Of these patients, two were excluded due to a loss of buccal bone plate af-

ter tooth extraction. A total of 30 subjects were finally recruited, randomized and included in the 

clinical trial: 10 allocated to the SH group (negative control), 10 allocated to DBBM-CM group 

(control), 10 allocated to IMPL/DBBM-CM group (test), respectively. Hence, a total of 30 subjects 

were included in the analysis (Figure 3).  

No significant differences between treatment groups were found at the baseline (Table 1) regarding 

age, gender, smoking status, tooth position, presence of both mesial and distal tooth, reason for ex-

traction, FMPS, FMBS, KTH, GT, and thickness of the crest.  

 

Clinical outcomes 

DBBM/CM group and 

IMPL/DBBM/CM group. 

 

Radiographic outcomes 

Dimensional alterations in mm. and percentage that occurred during healing for all sites are report-

ed in Table 2. 

Horizontal dimensional changes. 

Horizontal changes were not significantly different between DBBM/CM group and 

IMPL/DBBM/CM group at 1 mm below the coronal crest, while significant differences were found 

between SH group and both DBBM/CM and IMPL/DBBM/CM group. At the most coronal aspect, 

ridge width decreased 3.37 ± 1.55 mm (-43.2 ± 25.1%) in the SH group, while DBBM/CM and 

IMPL/DBBM/CM groups presented a ridge reduction of 1.56 ± 0.76 mm (-19.2 ± 9.1%) and 1.29 ± 

0.38 mm (-14.9 ± 4.9 %) respectively. 

Analyzing horizontal changes at the buccal (mid-buccal) and lingual (mid-lingual) aspect, signifi-

cant differences were found at 1 and 3mm below the crest of the buccal side between SH group and 

both DBBM/CM and IMPL/DBBM/CM groups: a reduction of 2.45 ± 1.29 mm (at 1mm) and 1.92 

± 1.99 mm (at 3mm) was revealed for SH group, while a change of -0.91 ±0.43 mm (at 1 mm.) and 

-0.53 ± 0.44 mm (at 3 mm.) was shown in DBBM/CM group and a change of -0.99 ± 0.21 mm (at 1 

mm.) and -0.70 ± 0.33 mm (at 3 mm.) in IMPL/DBBM/CM group. Significant differences at the 



SIdP Sessione Premio H.M. Goldman 2019 – SIdP H.M. Goldman Award 2019 Session 
19th International Congress 

 

lingual aspect were found at 1 mm below the crest between SH group (-24.03 ± 22 %) and 

IMPL/DBBM/CM group (-5.99 ± 6.18 %). (Figure 4) 

Vertical changes 

No statistically significant differences between the groups were observed for the vertical bone re-

sorption on the buccal and the lingual side. (Figure 5). 

 

 

DISCUSSION 

The present study demonstrated that the insertion of an immediate implant does not affect the out-

comes of the alveolar preservation technique. Even if an implant is inserted, the effectiveness of the 

alveolar preservation technique is guaranteed, at least in terms of linear bone reduction measured 

using DICOM data. Furthermore, this surgical protocol (with or without the insertion of an immedi-

ate implant) seems to limit hard tissue morphological changes that occur when an extraction site is 

left to heal spontaneously after a flap procedure. 

Spontaneous healing 

In this study a marked resorption of the alveolar ridge was observed at 4 months when this was left 

to heal spontaneously after a flapped procedure, revealing a horizontal change of 3.37 ± 1.55 mm 

(43.2 ± 25.1%) and a vertical change of 0.8 ± 1.1 mm (12 ± 17%) at the buccal aspect. These data 

are in agreement with those of a very recent similar radiographic study by Jung et al. (2013), in 

which a horizontal change of 3.3 ± 2 mm (43.2 ± 26.8%) and a vertical change of 0.5 ± 0.9 mm (5.5 

± 9.8%) at the buccal aspect was revealed after 6 months when the alveolar ridge was left to heal 

spontaneously after a flapless procedure. 

The scientific literature has amply demonstrated in humans how, after the extraction of a tooth, sig-

nificant changes occur in ridge size both horizontally and vertically (Pietrokovski & Massler, 1967; 

Schropp et al., 2003). A very recent systematic review demonstrated a horizontal dimensional re-

duction of 3.79 ± 0.23 mm. (29–63%) and a vertical bone loss at the buccal aspect of 1.24 ± 0.11 

mm. (11–22%) at 6 months. (Tan et al., 2012).  

In this study further analysis of mid-buccal and mid-lingual changes revealed that at 4 months verti-

cal and horizontal resorption were more pronounced on the buccal (vertical: 0.8 ± 1.1 mm.; hori-

zontal: 2.45 ± 1.29 mm.) than the lingual (vertical: 0.2 ± 0.3 mm.; horizontal: 0.98 ± 0.93 mm.) as-

pect, thus shifting the center of the crest towards a more palatal position. This observation is in 

agreement with preclinical studies by Araujo & Lindhe (2005), Fickl et al. (2008) and Discepoli et 

al. (2013) in which observed morphological changes were more significant at the buccal than the 

palatal/lingual aspects.  

On the other hand, similarly to results from clinical trials in which radiographic analysis was per-

formed at different levels below the alveolar crest (Jung et al., 2013; Kerr et al., 2008), this study 

demonstrated a relative decrease in horizontal ridge reduction as the distance from the alveolar crest 

increased, despite differences in the surgical method (flapped in this study, flapless in Jung et al., 

2013 and Kerr et al., 2008) . Different changes between the two cortices (buccal and palatal/lingual 

aspects) and at different heights (1-, 3-, 5mm.) below the crest may be explained by differences in 

thickness of the alveolar crest at baseline: although the sample size in the present study is insuffi-

cient to perform a statistical analysis, it seems that the thicker the crest the smaller the dimensional 

alteration. This resorption pattern may be due to the presence of bundle bone, in which the perio-

dontal ligament fibers of a tooth invest, and which is lost following tooth extraction as it is a tooth-

dependent structure. In pre-clinical studies from Araujo & Lindhe (2005) and Discepoli et al. 

(2013) it was observed that thin crestal regions (high resorption rate) were made up exclusively of 

bundle bone while the thick regions (low resorption rate) were comprised of a combination of bun-

dle bone and lamellar bone. 

Relatively large thickness of the marginal crest at baseline (buccal:1.17 ± 0.39 mm.; lingual: 1.99 ± 

1.05 mm.) and site selection (mostly premolars) may explain the discrepancy with respect to the 

amount of crestal resorption between this study and results from Araujo et al. (2015), in which a 

vertical change of 3.6 mm. (35.8%) at the buccal site and 1.4 mm. (13.4%) at the palatal site were 
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reported. In that article the study sample was mostly composed of anterior teeth, and further analy-

sis of their data disclosed that the reduction in the buccal bone plate was more pronounced in the 

anterior than in the premolar regions. As demonstrated by Januario et al. (2011) from a radiographic 

study, about 50% of the coronal (5 mm) portion of the buccal bone wall in maxillary incisors and 

canines is <0.5 mm wide, with an average of 0.6 mm wide. 

ARP 

The observations in the present study established that the placement of a bone substitute material 

(DBBM) in the fresh extraction socket, covered by a collagen matrix, reduced vertical and horizon-

tal ridge resorption. This is in agreement with data reported by Jung et al. (2013), in which both ver-

tical and horizontal resorption were limited by the placement of DBBM, covered by a collagen ma-

trix, in the fresh extraction socket, despite the fact that in that study a flapless approach was per-

formed. 

This is also in agreement with a number of recently published systematic reviews on ARP proce-

dures (Ten Heggler et al., 2010; Vignoletti et al., 2012; Horvath et al., 2012; Vittorini Orgeas et al., 

2013; Mardas et al., 2010; MacBeth et al., 2017) which conclude how no bone substitute material 

and/or membrane is able to completely preserve the alveolar ridge after tooth extraction, but may 

limit buccal plate resorption to a certain extent. 

Findings from the present study revealed that mid-buccal horizontal changes 1 mm (0.91 ±0.43 

mm.), and 3 mm (0.53 ± 0.44 mm) below the marginal crest have been the ones which  benefited 

the most from ARP procedure. This means, in agreement with Araujo et al. (2008), that graft mate-

rial apparently promoted de novo hard tissue formation showing a radiographic appearance differ-

ent from that of a cortical plate but maintaining the dimensions of the hard tissue wall. This is  par-

ticularly true for sites made up exclusively of bundle bone, therefore regions with a very thin bone 

crest. 

ARP + Immediate implant placement 

In the present work no statistically significant difference resulted from the comparison between test 

group (IMPL/DBBM/CM) and control group (DBBM/CM), indicating that the preservation of bone 

volumes is quite similar in sites where the implant was inserted and in the sites where only ARP 

was performed.  

When an implant was inserted simultaneously to an ARP procedure after flapped tooth extraction, 

horizontal mean changes at 1 mm. below the marginal crest were 1.29 ± 0.38 mm (14.9 ± 4.9 %) 

with changes at buccal aspect of 0.99 ± 0.21 mm (26.80 ± 7.07 %). These data are completely in 

agreement with a recent work by Sanz et al. (2016), aimed at evaluating differences in dimensional 

alterations of the ridge after 4 months between immediate implants and immediate implants associ-

ated with regenerative procedures. Reporting a bucco-lingual dimensional change (1 mm below the 

crest) in grafted sites of 1.3 (11%) and a reduction of the buccal cortical bone of 1.1 mm. (29%), 

they demonstrated that placement of DBBM in the void between the implant and the walls of the 

fresh extraction socket somewhat counteracted the contraction of the buccal hard tissue plate that 

normally occurs during healing. 

Similar data were also presented in a radiographic study by Degidi et al. (2013), in which the mean 

reduction in the distance between implant surface and outer surface of buccal bone crest was 0.88 ± 

0.51 mm (29.3%) after 1 year of a flapless immediate implant placement with simultaneous grafting 

of the buccal gap with DBBM and immediate restoration. Analyzing the height of the marginal 

buccal crest, the authors reported a mean reduction of 0.76 ± 0.96 mm., that is similar to 0.6 ± 0.4 

mm. of vertical dimensional alteration obtained in this study at the buccal site when an immediate 

implant and an ARP procedure were simultaneously performed.  

These data seems to confirm the trend towards better outcomes with the combined use of regenera-

tive techniques observed in a clinical trial by Chen et al. (2007) and by a recent systematic review 

(Clementini et al., 2015) on dimensional changes after immediate implant placement with or with-

out simultaneous regenerative procedures. In IMPL/DBBM/CM group of the present study a 

flapped procedure was performed and the inserted implant was not immediately restored. The use of 

a flapless procedure or an immediate restoration, as the placement of a soft-tissue graft or the use of 
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a platform-switching implant-abutment connection should further be investigated in well- designed 

clinical trials, since there are indications of their potential benefit in maintaining ridge volume after 

tooth extraction.  

Due to the small sample size, this randomized controlled clinical trial was not able to identify corre-

lations between some prognostic factors (i.e. thickness of the buccal bone plate at baseline, tooth 

location) and the radiographic outcomes (Ferrus et al., 2010; Tomasi et al., 2010). The short follow 

up period (4 months) of a radiographic analysis is another limit of this study since it does not allow 

an evaluation of the real benefits for patients of limiting morphological changes after tooth extrac-

tion: the necessity and the amount of a ridge augmentation procedure for the following implant 

placement, the occurrence of soft tissue dehiscence at longer follow up and patient related outcomes 

(overall treatment time, number of surgical procedures, esthetic satisfaction) should be radiological-

ly and clinically evaluated after a minimum of 6-12 months after definitive prosthetic restoration. 

Despite this, the present study is able to make important clinical considerations with some practical 

implications and these findings may allow for future investigations. 

 

 

CONCLUSION  
The present study demonstrates that after a flapped extraction of a tooth, vertical and horizontal 

changes of the alveolar ridge occur, regardless of whether alveolar ridge preservation  is performed. 

This happens despite the placement of an implant simultaneously with the ridge preservation proce-

dure. However, a preservation technique, with or without immediate implant placement, reduce the 

horizontal bone morphological changes that occur, mostly in the coronal portion of the buccal bone 

plate, when compared to spontaneous healing. For this reason, immediate implant placement in 

post-extraction sites plus an ARP technique may be a viable option, to reduce hard tissue morpho-

logical changes and treatment time. 
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Figure 1. Baseline CBCT, intra-operative view and 4 months post-surgery CBCT representative of 

the 3 treatment modalities. 1) Spontaneous healing: (a) baseline, (b) intra-operative, (c) 4 months. 

2) DBBM-CM site: (d) baseline, (e) intra-operative, (f) 4 months 3) IMPL / DBBM-CM site: (g) 

baseline, (h) intra-operative, (i) 4 months.  
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Table 1. Baseline demographic, clinical and radiographic data of included patients.  

Baseline characteristics SH DBBM-CM IMPL / DBBM-CM 

Age (years) 50.5(12.2) 55.5(11.6) 52.5(7.5) 

Male/Female 7/3 4/6 3/7 

Smokers 3 4 3 

Maxilla/Mandible 8/2 6/4 8/2 

Anterior/Premolars 5/5 5/5 6/4 

Presence of both mesial/distal 
tooth 

9 9 9 

Reason for extraction (en-
do/fracture/prosthetic/root re-

sorption) 
5/1/4 5/2/2/1 4/3/2/1 

FMPS (%) 15.3(1.3) 15.1(1.9) 14.9(1.5) 

FMBS (%) 8.9(0.4) 8.3(0.6) 8.6(0.5) 

KTH (mm) 2.70(1.25) 3.70(0.95) 4.00(1.41) 

GT (mm) 1.40(0.57) 1.30(0.59) 1.30(0.42) 

Thickness 1 mm Buccal (mm) 1.17(0.39) 1.33(0.25) 1.34(0.45) 

Thickness 3 mm Buccal (mm) 1.21(0.55) 1.35(0.48) 1.37(0.94) 

Thickness 5 mm Buccal (mm) 1.59(0.41) 1.71(1.30) 1.64(0.90) 

Thickness 1 mm Lingual (mm) 1.99(1.054) 2.43(1.64) 2.05(1.30) 

Thikness 3 mm Lingual (mm) 2.38(0.91) 2.89(1.78) 3.08(1.81) 

Thickness 5 mm Lingual (mm) 3.02(1.58) 4.12(2.16) 4.34(2.32) 
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Table 2. Calculated statistical differences for changes in ridge height and width over 4 months 

among the three treatment modalities. 

Dimensional 
changes 

SH DBBM-CM 
IMPL / 

DBBM-CM 

Kruskal-
Wallis         

(p-
value) 

Pairwise comparisons 

SH vs. 
DBBM-

CM 

SH vs. 
IMPL / 
DBBM-

CM 

DBBM-
CM vs. 
IMPL / 
DBBM-

CM 

Vertical buccal 
(mm) 

-0.83(1.14) -0.31(0.33) -0.56(0.38) 0.3444    

Vertical lingual 
(mm) 

-0.21(0.31) -0.32(0.47) -0.50(0.58) 0.4658    

Vertical buccal 
(%) 

-
10.60(14.0

0) 
-3.94(4.79) -6.26(4.64) 0.4181    

Vertical lingual 
(%) 

-2.15(3.23) -3.58(4.72) -4.98(5.83) 
0.4586 

   

Horizontal 1 mm 
(mm) 

-3.37(1.55) -1.56(0.71) -1.29(0.38) 
0.0008 0.0133 0.0011 1 

Horizontal 3 mm 
(mm) 

-2.41(1.97) -1.07(0.69) -0.99(0.48) 
0.0534 

   

Horizontal 5 mm 
(mm) 

-1.88(1.55) -0.96(0.61) -0.92(0.59) 
0.1858 

   

Horizontal 1 mm 
(%) 

-
43.23(25.0

5) 
-19.21(9.18) -14.92(4.85) 0.001 0.0213 0.0011 1 

Horizontal 3 mm 
(%) 

-
30.62(28.6

0) 
-12.27(8.56) -10.78(5.64) 0.0738    

Horizontal 5 mm 
(%) 

-
23.12(20.6

9) 
-10.44(7.13) -9.51(6.44) 0.1349    

Mid buccal 1 
mm (mm) 

-2.45(1.29) -0.91(0.43) -0.99(0.21) 0.0001 0.0003 0.0014 1 

Mid buccal 3 
mm (mm) 

-1.92(1.99) -0.53(0.44) -0.70(0.33) 0.0292 0.0342 0.1461 1 

Mid buccal 5 
mm (mm) 

-1.43(1.35) -0.56(0.44) -0.53(0.31) 0.0833    

Mid buccal 1 
mm (%) 

-
54.96(20.9

9) 

-
25.96(11.01

) 
-26.80(7.07) 0.0004 0.0009 0.0034 1 
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Mid buccal 3 
mm (%) 

-
41.51(26.4

5) 

-
15.76(13.86

) 
-19.22(9.44) 0.0335 0.056 0.095 1 

Mid buccal 5 
mm (%) 

-
38.771(28.

16) 

-
16.90(15.21

) 
-14.87(8.78) 0.047 0.1262 0.076 1 

Mid lingual 1 
mm (mm) 

-0.98(0.93) -0.64(0.40) -0.29(0.29) 0.0825    

Mid lingual 3 
mm (mm) 

-0.55(0.59) -0.53(0.29) -0.29(0.26) 0.1061    

Mid lingual 5 
mm (mm) 

-0.45(0.45) -0.40(0.25) -0.38(0.39) 0.9741    

Mid lingual 1 
mm (%) 

-
24.03(22.0

7) 
-14.47(9.65) -5.99(6.18) 0.0308 1 0.031 0.2061 

Mid lingual 3 
mm(%) 

-
14.30(15.8

7) 
-10.29(6.51) -5.20(4.74) 0.1163    

Mid lingual 5 
mm (%) 

-
10.88(12.6

1) 
-7.00(4.60) -6.44(7.08) 0.7421    

 

Figure 2. Consort diagram showing the study design 
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Figure 3. Bone changes measurements. ACP: apical central point. CCP: coronal central point. BCP: 

buccal coronal point. LCP: lingual central point. 

 

Figure 4. Changes in ridge width (mm) at buccal and lingual aspects over 4 months based on cone-

beam computed tomography (CBCT) measurements. 
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Figure 5.  Changes in ridge height (mm) over 4 months based on cone-beam computed tomography 

(CBCT) measurements. 
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Abstract 
Introduzione: Nel corso degli anni, solo pochi autori si sono concentrati sulla possibile correlazione tra 

patologie sistemiche e le malattie peri-implantari. L’obiettivo di questo studio trasversale è quello di 

valutare la prevalenza e la severità della peri-implantite nei pazienti con diagnosi di sindrome 

metabolica. Materiali e Metodi: Sono stati selezionati pazienti con almeno un impianto dentale, con 

minimo 5 anni di carico protesico, per effettuare uno screening parodontale, peri-implantare e 

metabolico. La diagnosi di Sindrome Metabolica è stata effettuata secondo i criteri diagnostici NCEP-

ATP III, mentre la nuova classificazione delle malattie parodontali e peri-implantari del 2017 è stata 

utilizzata per la peri-implantite e la mucosite peri-implantare. La regressione multipla è stata eseguita 

per analizzare la relazione tra sindrome metabolica, presenza di malattia parodontale, sesso, tipo di 

protesi, sede implantare, fumo e la peri-implantite e la mucosite. Risultati: Sono stati arruolati 183 

pazienti: nei pazienti con sindrome metabolica la prevalenza delle patologie peri-implantari riscontrata è 

stata del 97.6%, con un OR di 10.01 per la mucosite e 15.26 per la peri-implantite, mentre nei soggetti 

privi di Sindrome metabolica è stata evidenziata una frequenza dell’81.8%, con p<0.001. Conclusioni: I 

pazienti con una diagnosi di sindrome metabolica hanno mostrato una nettissima prevalenza delle 

patologie peri-implantari. 

 

Abstract 

Purpose: The aim of this study is to detect frequency and severity of peri-implant diseases 

among an Italian population of patients affected by metabolic syndrome (MetS). 

Methods: In this cross-sectional study, patients with at least one dental implant with >5 years of 

functional loading were screened to evaluate metabolic, periodontal and peri-implant status. 

MetS diagnosis was established in accordance with the NCEP ATP III criteria, while case 

definitions of the 2017 World Workshop were adopted for peri-implant diseases. Multinomial 

logistic regression analysed the relationship between gender, diagnosis of metabolic syndrome, 

presence of periodontitis, smoking, type of prosthesis and location of implants and peri-implant 

mucositis and peri-implantitis. 

Results: A final sample of 183 patients was enrolled: in MetS subjects, 97.6% of implants were 

diagnosed with peri-implant diseases, with an OR of 10.01 for mucositis and OR 15.26 for peri-

implantitis, compared to subjects without MetS, where frequency of peri-implant diseases was 

81.8% , p<0.001.  

Patients with periodontitis showed a higher association with peri-implant mucositis (OR=4.33) 

and peri-implantitis (OR=9). 



 

Conclusions: Based on the results of this study, patients with MetS showed a greater prevalence 

of peri-implant diseases, with further studies that need to confirm the possibility of this new 

possible risk indicator. 

 

 

Introduction 

The European population is getting older, with an increasing concern about oral health: 

according to Schimmel et al.
1
, implant-prosthetic rehabilitation has become routine practice in 

elderly patients, however coexisting systemic risk factors should carefully be taken into account 

by clinicians
2
. 

Dental implants have shown well-documented long-term survival rates (> 10 years)
3-4

, however, 

implant success may be affected by either mechanical or biological complications
5-6

. 

According to the 2017 World Workshop on the Classification of Periodontal and Peri‐Implant 

Diseases and Conditions, plaque-related inflammatory conditions can be classified as peri-

implantitis and peri-implant mucositis
7
. 

Prevalence of peri-implant diseases is still controversial, according to Derks & Tomasi around 

42% of dental implants are affected by mucositis, while a diagnosis of peri-implantitis could be 

established in 23% of dental implants
8
. 

Schwarz et al.
9
 showed that there is strong evidence for history of periodontitis as a risk factor 

for peri-implantitis, an assumption supported by several longitudinal and cross-sectional 

studies
10-12

. 

Peri-implantitis, as well as periodontitis, is considered sensitive to factors inducing tissue 

inflammation (smoking, poor plaque control, hyperglycaemia) together with systemic oxidative 

stress and up-regulation of inflammatory cytokines
13-14

. 

Over the years, correlation between metabolic and cardiovascular diseases has been described in 

literature
15-17

, while only few authors have studied the association of these conditions with peri-

implantitis
18-19

. 

In particular, Monje et al.
20

 found out that diabetes patients no-smokers showed a 3.39 higher 

risk for peri-implantitis compared to normoglycaemia subjects, however several studies included 

in the systematic review failed to identify diabetes as a risk factor for peri-implantitis. 

Renvert et al.
21

 concluded that history of cardiovascular disease (CVD) had a high likelihood of 

comorbidity with peri-implantitis, expressing an Odds Ratio (OR) of 8.7, while Koldsland et al.
22

 

found no association between CVD and peri-implant diseases. 

Metabolic syndrome 

Metabolic syndrome (MetS) is a clustering of clinical findings made up of abdominal obesity, 

high glucose, high triglycerides and low high-density lipoprotein (HDL) cholesterol levels, and 

arterial hypertension (HT)
23

.  Its overall prevalence is more than 40%, but ranged from 38% to 

60%, depending on age, sex, socioeconomic status, the ethnic background of study cohorts, and 

the definition used
23-24

. Several definitions of MetS, indeed, have been proposed, with varied 

requirements, including those by the International Diabetes Federation and the National 

Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) III
25

 that has been 

recognized as more accurate and sensitive for prediction of CVD
26

. According to the NCEP ATP 

III, a diagnosis of MetS is made by fulfilment of 3 of the following 5 criteria: (1) waist 

circumference (WC) ≥ 102 cm for males or ≥ 88 cm for females; (2) fasting glucose ≥ 110 

mg/dL; (3) triglycerides ≥ 150 mg/dL; (4) HDL - cholesterol < 40 mg/dL for males or < 50 

mg/dL for females; (5) blood pressure (BP) ≥ 130/85 mmHg
25

.  



 

MetS is associated to higher cardiovascular (CV) and metabolic complications with increased 

risk of type 2 diabetes mellitus and CVD mortality
27

. 

Recently, it has been highlighted by several cross-sectional
28-30

 and case-control
31-32

 studies that 

there is an interrelationship between periodontitis and MetS
33

. Therefore, it has been suggested 

that the evaluation of periodontal parameters should become part of routine diagnostic 

procedures for patients affected by MetS
34

.   

However, data about the association between MetS, its components and peri-implant diseases is 

lacking and only lately it has been highlighted the relevance of this feasible relationship in the 

management of patients with implants affected by MetS
35

. 

The aim of this cross-sectional survey is to detect frequency and severity of peri-implant diseases 

among an Italian population of patients affected by MetS, and to further identify possible role of 

MetS as a risk indicator.   

 

 

Material and Methods 

Study design 

To address the research purpose, the authors developed and implemented a cross-sectional study, 

conducted at the Departments of Oral and Maxillo-Facial Sciences and Translational and 

Precision Medicine, at “Sapienza” University of Rome. 

Study population 

From April 2018 to September 2018, all subjects referred to the Tertiary Centre of Secondary 

Hypertension Unit, Policlinico Umberto I, “Sapienza” University of Rome, for screening, 

diagnosis, and treatment of primary and/or secondary hypertension were consecutively 

evaluated.   

Patients were enrolled in the study based on the following inclusion and exclusion criteria: 

age ≥ 18 years and presence of at least one osseointegrated implant functioning for >5 years. 

Each patient received detailed descriptions of the study protocol and all subjects signed the 

inform consent form and gave written approval to be included in the study population, according 

to the latest version of the World Medical Declaration of Helsinki (2013). The study was 

approved by the institution review board of “Sapienza” University of Rome (Ref. 4948/2018) 

and reported according to the STROBE statement (www.strobe-statement.org). 

Medical Examination 

Anthropometric measurements and venous blood samples were obtained from all patients in the 

early morning after an overnight fast.  Data about smoking habit, as well as current medications, 

past medical history, including CV events, was collected, and we performed a complete 

screening to exclude secondary forms of hypertension, such as primary aldosteronism, 

renovascular diseases, Cushing’s syndrome, and pheochromocytoma.  The instrumental 

evaluation included the 24-hours ambulatory blood pressure monitoring (ABPM) and the 

Doppler ultrasound for carotid arteries to estimate the intima media thickness (IMT) value and 

the presence of plaques, as markers of hypertensive- and metabolic-related vascular damage
36

.   

The 24-hours ABPM was performed by the Spacelabs 90207 (SpaceLabs®, Washington, USA). 

For each registration, the blood pressure (BP) values were obtained every 15 minutes during the 

day and every 30 minutes during the night time period. The parameters collected include: mean 

24-hours systolic and diastolic BP and its standard deviation (SD), mean daily and night-time 

systolic and diastolic BD and their SD, the dipping values. 



 

A Doppler scan was used to detect IMT and plaques. The common carotid artery, the carotid 

bulb, and the near and far wall segments of the internal carotid artery were scanned bilaterally. 

Images were obtained in longitudinal sections with a single lateral angle of insonation, 

optimizing the image for the far wall. According to the consensus statement from the American 

Society of Echocardiography Carotid Intima-Media Thickness Task Force, endorsed by the 

Society for Vascular Medicine
36

, IMT was defined as the distance between the ultrasound 

interfaces of the lumen-intima and media-adventitia. Six manual measurements were performed, 

with automatic border detection, at equal distances along 1 cm on the far wall of the common 

carotid. Carotid plaque was defined as the presence of focal wall thickening that is at least 50% 

greater than that of the surrounding vessel wall or as a focal region with IMT greater than 1.5 

mm that protrudes into the lumen that is distinct from the adjacent boundary. 

All patients were screened for the MetS according the NCEP ATP III criteria
23

. The diagnosis 

was made by the evidence of ≥ 3 of the following criteria: (1) WC ≥ 102 cm (M) or ≥ 88 cm (F). 

The WC was measured placing the measuring tape horizontally around the patient’s abdomen 

and aligning the bottom edge of the tape with the belly bottom. We used a measuring tape with a 

spring handle in order to control the pressure exerted on the patient’s abdomen. (2) Fasting 

plasma glucose value ≥ 110 mg/dL; (3) serum triglycerides concentration ≥ 150 mg/dL; (4) 

serum HDL - cholesterol concentration < 40 mg/dL (M) or < 50 mg/dL (F); (5) BP ≥ 130/85 

mmHg, obtained by 24-hours ABPM
23

.  

Dental examination 

All patients with at least one dental implant with >5 years of functional loading were referred at 

the Oral Surgery Unit, Policlinico Umberto I, “Sapienza” University of Rome to evaluate 

periodontal and peri-implant status. 

Patients’ data collected included: sex, age, referred medical systemic condition and periodontal 

status (presence or absence of periodontitis).  

A full mouth periodontal examination at six sites per teeth and implant [mesio-vestibular (mv), 

mid-vestibular (v), disto-vestibular (dv), mesio-palatine/lingual (mp/ml), mid-palatine/lingual 

(p/l), and disto-palatine/lingual (dp/dl)] was performed by using a periodontal probe (PCP-Unc 

15, Hu-Friedy®, Chicago, Illinois, USA) with a light force (approximately 0.15 N), without 

anaesthesia, by the same trained previously calibrated examiner (BDM). 

A patient was defined as a “periodontitis case” in accordance with the 2017 World Workshop on 

the Classification of Periodontal and Peri‐Implant Diseases and Conditions
37

 if:  

 Interdental CAL was detectable at ≥2 non‐adjacent teeth, or 

 Buccal or oral CAL ≥3 mm with pocketing >3 mm was detectable at ≥2 teeth and the 

observed CAL cannot be ascribed to non‐periodontal causes such as: 1) gingival 

recession of traumatic origin; 2) dental caries extending in the cervical area of the tooth; 

3) the presence of CAL on the distal aspect of a second molar and associated with 

malposition or extraction of a third molar, 4) an endodontic lesion draining through the 

marginal periodontium; and 5) the occurrence of a vertical root fracture 

To achieve intra-examiner reliability, the examiner was calibrated to show an agreement of 90% 

within 1 mm by duplicate measurements of probing depths on randomly selected teeth (10) and 

implants (10).  

For each implant, the following clinical measurements were recorded: 

 Probing Pocket Depth (PPD). Measured in millimetres, is the distance from the mucosal 

margin to the bottom of the probable pocket 

 Plaque Index (PI) recorded with dichotomic values (present/absent) 



 

 Mucosal redness defined as the phenomenon of inflammation presents as a biological 

response to extrinsic or intrinsic insult and recorded with dichotomic values 

(present/absent) 

 Suppuration defined as a pus formation followed by discharge within a natural aperture 

or fistula and recorded with dichotomic values (present/absent) 

 Bleeding on probing recorded with dichotomic values (present/absent) 

Furthermore, years of functional loading, implant location (maxilla or mandible) and type of 

prostheses (single crown or multiple unit) were recorded. 

In addition, mesial and distal implant crestal bone levels were measured on standardized (Rinn 

Centratore XCP Evolution 2003, Dentsply, Rome, Italy) digital periapical x-rays for each 

implant obtained by using an imaging plate scanner (PSPIX²®, Acteon Group, Norwich, UK). 

A calibrated software (SOPRO Imaging, Acteon Group, Norwich, UK) was used to estimate 

variations in the marginal peri-implant bone level. The implant length and width were used as 

references for calibration of measurements. Two expert investigators who were blinded to other 

aspects of the study conducted the radiographic assessment. Any disagreement was solved by 

consensus, and a third investigator was consulted when it was not initially possible to achieve 

complete agreement (defined as a difference between the measurements made by the two experts 

of >0.1 mm).  

The reference point for the bone level measurement was the implant shoulder. The bone level 

was digitally evaluated by measuring the distance between the implant shoulder and the first 

visible bone contact on the implant. The bone level measurements were recorded on the mesial 

and distal aspect of each implant. 

An error of 0.75 mm was considered when reporting marginal bone loss (MBL), a threshold 

exceeding the measurement error (mean 0.5 mm) by 50%, as recommended by Berglundh et al
7
. 

Case definitions for epidemiological or disease surveillance studies of the 2017 World Workshop 

on the Classification of Periodontal and Peri‐Implant Diseases and Conditions were adopted to 

establish diagnosis of peri-implant diseases
7
. 

Peri-implant health was defined as absence of clinical signs of inflammation, bleeding and/or 

suppuration on gentle probing, without radiographic bone loss. 

Peri-implant mucositis was characterized by presence of bleeding and/or suppuration on gentle 

probing, without radiographic bone loss. 

Peri-implantitis was defined as presence of bleeding and/or suppuration on gentle probing, with 

radiographic bone levels ≥3 mm apical of the most coronal portion of the intra‐osseous part of 

the implant. 

Statistical analysis  

A database was created using Excel (Microsoft, Redmond, WA, USA). Descriptive statistics 

including mean ± SD values were calculated for each variable, and box plots were used to 

evaluate data outliers. The Shapiro-Wilk test was used to determine whether or not the data 

conformed to a normal distribution. 

Risk indicators for peri-implant mucositis and peri-implantitis were analysed at the patient level. 

The outcomes were explored by multinomial logistic regression to evaluate the relationship 

between gender, diagnosis of metabolic syndrome, periodontal status, smoking, type of 

prosthesis and location of implants and peri-implant mucositis and peri-implantitis. 

An independent-samples t-test was run to determine if there were differences in mean value of 

marginal peri-implant bone level and in probing depth between patients with or without 

diagnosis of metabolic syndrome and with or without periodontitis. 



 

Data were evaluated using standard statistical analysis software (version 20.0, Statistical Package 

for the Social Sciences, IBM Corporation, Armonk, NY, USA). In each test, the cut-off for 

statistical significance was p≤0.05.  

 

 

Results  

A total of 784 patients was consecutively evaluated at the Secondary Hypertension Unit in the 

study period: 363 subjects declared they had dental implants placed, however 134 had implants 

functioning by less than 5 years and were, therefore, excluded from the study. 

The remaining 229 patients were referred at the Oral Surgery Unit in order to evaluate peri-

implant status: 26 refused to be included in the study, 20 did not attend the scheduled visit and 

refused a new dental examination. 

A final sample of 183 patients was enrolled in this study: 112 females (61.2%) and 71 males 

(38.8%) with a mean age of 66.08 ± 10.42 years (age range 42-85). 

Eighty-four patients had a diagnosis of metabolic syndrome (45.9%), while the remaining 99 

(54.1%) did not meet MetS criteria (Table 1). 

The subgroup with MetS, compared to patients without MetS, showed significantly higher values 

of waist circumference and triglycerides (103.4±9.7 vs 92.2±11.0 cm, p=0.01, 147.5±62.2 vs 

87.9±30.4 mg/dl, p=0.002, respectively), and lower HDL cholesterol levels (50.3±16.1 vs 

66.8±14.5 mg/dl, p=0.01). 

Presence of periodontitis was detected in 115 subjects (64.8%).  

Subjects enrolled had 567 dental implants placed, with a mean of 3.1 implants per patient. 

Out of the 183 dental implants included, mucositis was diagnosed in 57.9% of cases, peri-

implantitis in 31.1% and only 10.9% of implants were classified as healthy. Mean functional 

time was 7.61±4.04 years (range: 5-24 years). 

Mean values of MBL were mesially 1.765±1.424 and distally 1.918±1.576 mm. 

The mean PPD was 3.71±1.48 mm (Table 1). 

The multinomial logistic regression revealed that two of the six predictor variables were 

statistically significant for a diagnosis of mucositis: presence of metabolic syndrome (p=0.005; 

odds ratio 10.01) and periodontitis (p=0.25; odds ratio 4.33); and two of the six predictor 

variables were statistically significant for a diagnosis of peri-implantitis: metabolic syndrome 

(p=0.001; odds ratio 15.26) and periodontitis (p=0.002; odds ratio 9) (Table 2). 

No difference was found in mean values of MBL between patients with metabolic syndrome 

(1.96±1.41 mm) and without metabolic syndrome (1.6±1.42 mm) (p=0.081). 

By contrast, mean PPD values in patients with MetS (4.26±1.74 mm) were statistically 

significant (p=0.013), compared to subjects without metabolic syndrome (3.71±1.55 mm). 

The sub-group with periodontitis showed statistically significant greater values of PPD 

and MBL (4.17±1.85 vs 3.6±1.21 mm, p=0.024, 2.05±1.44 vs 1.28±1.27 mm, p<0.001), 

compared to patients without periodontitis. 

 

 

Conclusions 

Risk indicators for implant biologic complications are still debated in literature and, among 

others, poor plaque control, smoking, lack of keratinized tissue, years in function, number of 

rehabilitated dental implants, history of periodontal disease and co-existing systemic medical 

conditions were individuated
39

. 



 

Implant treatment in the medically compromised patient represents, nowadays, a common 

clinical situation for dentists
40

 and MetS prevalence has been constantly rising in the last years, 

involving approximately 30% of the population
41

. 

Several studies have reported an inter-relationship between periodontal disease and MetS
42

, 

although, to the best of the authors’ knowledge this is the first article to report data regarding 

MetS and peri-implant diseases. 

A high prevalence of peri-implant diseases has been described by various authors: Atieh et al.
43

 

and Gurgel et al.
44

 revealed that peri-implant diseases were diagnosed in around 82% of 

individuals, while in the study conducted by Pimentel et al.
45

, they were observed in 94.5% of 

implants and 100% of individuals. 

On the other hand, Wada et al.
46

 reported a significant lower prevalence, with peri-implant 

mucositis and peri-implantitis being diagnosed at subject level in 23.9% and 15.8%, respectively. 

According to our results, patients with Metabolic Syndrome had a strong association with peri-

implant mucositis (OR= 10.01) and even stronger with peri-implantitis (OR=15.26) (Table 2). 

In MetS patients, 97.6% of implants (n=82/84) were diagnosed with either mucositis or peri-

implantitis, a highly statistically significant difference (p<0.001) compared to subjects without 

MetS, where frequency of peri-implant diseases was 81.8% (n=81/99). 

No differences were found among patients for smoking habits, implant location, gender and type 

of prosthetic rehabilitation. 

Patients with presence of periodontitis were found to have a higher association with peri-implant 

mucositis (OR= 4.33) and peri-implantitis (OR=9): they showed also statistically significant 

greater values of PPD (p=0.024) and MBL (p<0.001), a result in accordance with previous 

studies
47-48

 (Table 2). 

In line with our data, Renvert et al.
21

 showed an Odds ratio (OR) of 10.8 for peri-implantitis in 

patients with a diagnosis of periodontitis, while Derks et al.
49

 reported an OR of 4.08. 

Although, Ferreira et al.
10

, in a recent systematic review with meta-analysis, highlighted the 

heterogeneity of studies present in literature, with OR ranging from 1.74 to 22.9 depending on 

the different study design. 

They concluded that there was evidence that patients with diagnosis or history of periodontitis 

were associated with the occurrence of peri-implantitis. 

In this study, the diagnostic criteria proposed by the latest 2017 World Workshop on the 

Classification of Periodontal and Peri‐Implant Diseases and Conditions were applied. 

Previous systematic reviews highlighted how differences in the occurrence of peri-implant 

diseases were mostly due to the different clinical and radiographic parameters adopted, with 

minor changes in the diagnostic criteria producing a great difference in detection and 

frequency
50

. 

Main limitations of our study are represented by the absence of several important implant-related 

data, such as implant brand, shape, connection, surface treatment or guided bone regeneration 

(GBR) procedures. 

These data were not available due to the cross-sectional nature of our study: the vast majority of 

implants were installed in private settings all over Italy, either by general practitioners, oral 

surgeons or periodontists. 

Furthermore, absence of a retrospective standardized baseline (at prostheses delivery) 

radiological examination did not allow performing accurate bone level measurements, however, 

as recommended by Berglundh et al.
7
, an error of 0.75 mm was taken into account when 

performing the assessment. 



 

There are no previous studies to which our findings can be compared and the design of this study 

do not allow establishing direct cause-effect relationships, however, the present study 

demonstrated a high prevalence of peri-implant diseases at the patient level in an Italian 

population of MetS subjects (97.6%). 

This possible association need to be evaluated by further studies, with greater power and a 

longitudinal design: directionality of the relationship should be investigated and patient’s 

therapeutic response analyzed.  

Based on the results of this cross-sectional study, patients affected by metabolic syndrome 

showed a greater prevalence of peri-implant diseases, with further studies that need to confirm 

this new possible risk indicator. 
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Table 1: Sample demographics  

Variable (categories) Mean ± SD or % distribution 

Patients without metabolic syndrome (P = 99;I = 288 ) 

Sex, % (Male – Female) 46.5 – 53.5 

Age (years) 64 ± 10 

Smoking, % (yes – no) 43.4 – 56.6 

Presence of periodontitis, % (yes – no) 69.7 – 30.3 

Implant years in function 8.8 ± 5.2 

Implant location (maxilla – mandible) 62.6 – 37.4 

Type of prosthesis (multiple unit – single crown) 58.6 – 41.4 

Probing pocket depth (mm)  3.7 ± 1.5 

Marginal bone loss (mm) 

Plaque Index (%) 

Mucosal Redness (%) 

Suppuration (%) 

Bleeding on probing (%) 

1.6 ± 1.4 

65.6 

18.1 

12.1 

71.7 

Peri-implant mucositis (%) 55.6 

Peri-implantitis (%) 

Healthy implants (%) 

26.3 

18.1 

Patients with metabolic syndrome (P = 84; I = 279) 

Sex, % (Male – Female) 29.8 – 70.2 

Age (years) 68 ± 11 

Smoking, % (yes – no) 25 – 75 

Presence of periodontitis, % (yes – no) 54.8 – 45.2 

Implant years in function 6.5 ± 2.3 

Implant location (maxilla – mandible) 72.6 - 27.4 

Type of prosthesis (multiple unit – single crown) 59.5 - 40.5 

Probing depth (mm)  4.3 ± 1.7 

Marginal bone loss (mm) 

Plaque Index (%) 

Mucosal Redness (%) 

2 ± 1.4 

69 

16.6 



 

Suppuration (%) 

Bleeding on probing (%) 

22.6 

90.4 

Peri-implant mucositis (%) 60.7 

Peri-implantitis (%) 

Healthy implants (%) 

36.9 

2.4 
SD = standard deviation; mm = millimetre; P = number of patients; I = number of dental implants 
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Table 2: Effects of gender, diagnosis of metabolic syndrome, presence of periodontitis, smoking, type of prosthesis and location of 

implants on the diagnosis of mucositis and peri-implantitis. 

 

Peri-implant mucositis 

  

B 

 

S.E. 

 

Wald 

 

df 

 

Sig. 

 

Odds Ratio 

95% Confidence Interval for Odds Ratio 

Lower Upper 

Intercept  
-,579 ,597 ,943 1 ,331 

   

Female 
.945 .582 2.633 1 .105 2.572 .822 8.052 

Male 
0b . . 0 . . . . 

Patients with metabolic syndrome 
2.309 .818 7.969 1 .005 10.066 2.026 50.021 

Patients without metabolic syndrome 
0b . . 0 . . . . 

Patients with periodontitis 
1.466 .652 5.057 1 .025 4.331 1.207 15.540 

Patients without periodontitis 
0b . . 0 . . . . 

Smoker 
-.325 .641 .257 1 .612 .723 .206 2.540 

No smoker 
0b . . 0 . . . . 

Multiple unit 
.498 .598 .694 1 .405 1.645 .510 5.306 

Single crown 
0b . . 0 . . . . 

Implant located in mandible 
.679 .570 1.423 1 .233 1.973 .646 6.024 

Implant located in maxilla 
0b . . 0 . . . . 

  



 

Peri-implantitis 

  

B 

 

S.E. 

 

Wald 

 

df 

 

Sig. 

 

Odds Ratio 

95% Confidence Interval for Odds Ratio 

Lower Upper 

Intercept  
-.802 .648 1.528 1 .216 

   

Female 
.464 .622 .556 1 .456 1.590 .470 5.378 

Male 
0b . . 0 . . . . 

Patients with metabolic syndrome 
2.725 .847 10.362 1 .001 15.259 2.903 80.196 

Patients without metabolic syndrome 
0b . . 0 . . . . 

Patients with periodontitis 
2.198 .706 9.688 1 .002 9.004 2.256 35.932 

Patients without periodontitis 
0b . . 0 . . . . 

Smokers 
.111 .671 .027 1 .869 1.117 .300 4.161 

No smokers 
0b . . 0 . . . . 

Multiple unit 
-.630 .635 .985 1 .321           .532                    .153 1.848 

Single crown 
0b . . 0 . . . . 

Implant located in mandible 
-.468 .644 .529 1 .467 .626 .177 2.212 

Implant located in maxilla 
0b . . 0 . . . . 

The reference category is: No diagnosis of peri-implant disease 

b. This parameter is set to zero because it is redundant 
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Abstract 
The aim is to comparatively evaluate the radiographic outcomes of transcrestal and lateral 
sinus floor elevation (tSFE and lSFE, respectively) when applied concomitantly with implant 
placement.  
Patients with ≥1 site with residual bone height (RBH) of 3-6 mm were enrolled in a 
randomized trial. Both tSFE (n= 26) and lSFE (n= 28) were associated with a xenograft, and 
implants were inserted concomitantly. Marginal bone loss and the maturation of the grafted 
area were evaluated on periapical radiographs at 6 and 12 months. Twelve-month CT/CBCT 
was used to assess the effect of grafting procedures circumferentially around the implant.   
At 12 months, the implant surface was, on average, entirely embedded in a radiopaque area in 
both tSFE and lSFE groups. Sub-optimal bone-to-implant contact was observed in 13% and 
3.6% of tSFE and lSFE cases, respectively. In both groups, marginal bone loss was minimal (≤ 
1 mm) and infrequent, and the radiographic aspect was suggestive of an advanced stage of 
maturation. 
At sites with RBH of 3-6 mm, tSFE and lSFE can similarly result in a substantial increase in 
peri-implant bone support at 12 months.  
(ClinicalTrials.gov ID: NCT02415946) 
 
Introduction  
At maxillary posterior sites where post-extraction pneumatization of the maxillary sinus has 
contributed the dimensional reduction of the residual bone crest following tooth loss 
(Eufinger et al. 1997, 1999, Farina et al. 2011, Pramstraller et al. 2011), maxillary sinus floor 
elevation with a lateral (lSFE) or transcrestal (tSFE) approach represent two options to 
enhance the available bone and restore the local conditions compatible with the placement 
and long-term survival of dental implants (Pjetursson et al. 2008, Tan et al. 2008, Listl & 
Faggion 2010, Tetsch et al. 2010, Esposito et al. 2014).  
Indications to apply tSFE or lSFE should be determined primarily on the basis of their 
potential to enhance the peri-implant bony support. Due to the possibility to visualize directly 
the sinus cavity through the lateral antrostomy and extend the elevation of the sinus 
membrane according to individual needs and local anatomy, lSFE has several technical 
premises for achieving substantial augmentation. Confirmatory data come from studies 
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reporting a mean vertical extent of sinus lift (as evaluated radiographically) varying from 
about 8 mm to more than 14 mm when lSFE was obtained with a bovine-derived xenograft 
(Felice et al. 2009, Chackartchi et al. 2011, Merli et al. 2013). On the other hand, tSFE has 
limitations related to its closed approach to the sinus, including the difficulty in determining 
the extent of sinus lift achievable in relation to the presumed tensile resistance of the sinus 
membrane. Consistently, several clinical trials reported a vertical extent of sinus lift (as 
assessed radiographically) lower than that reported for lSFE, with mean values ranging 
between 1.7 mm (Pjetursson et al. 2009) and more than 8 mm (Kfir et al. 2007, Sisti et al. 
2012). 
To date, studies that comparatively evaluated tSFE and lSFE either lack of a randomized 
design or refer to different surgical conditions between treatments (Zitzmann & Schärer 
1998, Rodoni et al. 2005, Krenmair et al. 2007, Jurisic et al. 2008, Cannizzaro et al. 2009, 
Tetsch et al. 2010, Kim et al. 2011, Al-Almaie et al. 2013, Yu et al. 2017, Temmerman et al. 
2017). Most of them included a radiographic assessment based on bi-dimensional 
radiographic exams such as ortopanthomography and/or periapical radiographs (Rodoni et 
al. 2005, Krenmair et al. 2007, Jurisic et al. 2008, Cannizzaro et al. 2009, Tetsch et al. 2010, 
Kim et al. 2011, Al-Almaie et al. 2013, Yu et al. 2017), with the impossibility to evaluate the 
extent of peri-implant bone augmentation circumferentially around the implant. 
Tridimensional radiographic exams such as conventional or cone-beam computed 
tomography (CT or CBCT, respectively) were used in a limited number of studies, only in a 
subsample of consenting patients (Zitzmann & Schärer 1998) or at very short post-surgery 
intervals (Temmerman et al. 2017). 
Recently, we performed a bi-center, parallel-arm, randomized trial comparatively evaluating 
tSFE and lSFE when applied concomitantly with implant placement at sites with limited (3-6 
mm) residual bone. The results of the study have been partly published, and allowed for the 
identification of differences in the morbidity following the two interventions (Farina et al. 
2018). Based on bi- and tri-dimensional radiographic assessments conducted by Farina et al. 
(2018), the purpose of the present study is to comparatively evaluate the extent of bone 
augmentation (with particular emphasis to the contribution of each intervention to the peri-
implant bony support) obtained at 1 year following either tSFE or lSFE and concomitant 
implant placement. 
 

Materials and Methods 
Experimental design 
The study is a bi-center, parallel-arm, single-blind, randomized controlled clinical trial, and is 
part of a larger project which comparatively evaluated tSFE and lSFE under several 
perspectives. Information on ethical approval and trial registration, the methodological 
aspects of the study and the surgical aspects of the procedures have been reported in a recent 
publication on the morbidity of tSFE and lSFE (Farina et al. 2018). The present study reports 
only methodological aspects and data functional to evaluate the radiographic outcomes of the 
two investigated interventions.  
 
Study population 
Patients were recruited at two University-Hospitals (Ferrara and Modena, Italy) according to 
selection criteria reported by Farina et al. (2018). Briefly, each patient contributed the study 
with one maxillary quadrant (identified as “experimental”) with ≥1 maxillary posterior site 
edentulous for at least 6 months and showing a residual bone height (RBH) of 3÷6 mm. RBH 
was measured on CT or CBCT performed while wearing a radiological stent with 4-mm thick 
radiopaque indicators.  
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Surgical and post-surgical procedures  
The surgical aspects of tSFE and lSFE and the post-surgical procedures are described briefly 
in the following paragraphs. Additional details have been reported in a previous publication 
(Farina et al. 2018). 
tSFE was performed according to the Smart Lift technique (Trombelli et al. 2008, 2010a,b). 
After placing a plug of collagen matrix (Mucograft Seal®; Geistlich Pharma, AG, Wolhusen, 
Switzerland), the trephined bone core was condensed and malleted with a calibrated 
osteotome (Smart Lift Elevator) to fracture the sinus floor. Membrane perforation was 
assessed by the Valsalva maneuver. If no perforation was detected, a pre-determined amount 
of deproteinized bovine bone mineral (DBBM; Bio-Oss® spongiosa granules, particle size 0.25-
1.0 mm; Geistlich Pharma, AG, Wolhusen, Switzerland), which was related to the programmed 
extent of implant penetration into the sinus, was pushed through each implant site by gradual 
increments with the Smart Lift Elevator. When membrane perforation was detected, it was 
treated with repeated insertions of plugs trimmed from a collagen matrix (Mucograft Seal®; 
Geistlich Pharma AG, Wolhusen, Switzerland) in the apical portion of the crestal access. The 
Valsalva maneuver was then re-assessed: if negative, the grafting procedure was completed 
and the implant was inserted; if positive, the patient exited the study, and tSFE and 
concomitant implant placement were postponed at 4 months following first surgery.  
In patients assigned to lSFE, lateral access to the maxillary sinus was obtained with rotating 
and/or manual instruments. The grafting procedure was performed with DBBM (Bio-Oss® 
spongiosa granules, particle size 0.25-1.0 mm or 1-2 mm; Geistlich Pharma, AG, Wolhusen, 
Switzerland) immediately after the elevation of the sinus membrane with manual instruments 
(Hu-Friedy, Chicago, US). The particle size and amount of graft material were left at operator 
discretion. Implant bed preparation was, then, performed according to the sequence of burs 
recommended by the implant manufacturer (Thommen Medical AG; Grenchen, Switzerland). 
The window in the lateral wall was covered with a resorbable collagen membrane (Bio-Gide; 
Geistlich Pharma, AG, Wolhusen, Switzerland). When membrane perforation (as visually 
detected) occurred, it was treated according to Fugazzotto & Vlassis (2003), and the grafting 
procedure was completed. 
In both tSFE and lSFE groups, implants (SPI Inicell Element©; Thommen Medical AG, 
Grenchen, Switzerland) were inserted immediately after the completion of the grafting 
procedure with the 1.0 mm polished collar above the bone crest. The healing protocol 
(submerged or transmucosal) was left at the operator’s discretion.   
Implants placed with a submerged healing protocol at day 0 were surgically exposed at 20 
weeks post-surgery, and a healing abutment was positioned. Implants were loaded with a 
provisional or definitive restoration (according to their treatment plan) between week +24 
and week +32. The patient exited the study at week +48. 
 

Radiographic exams and measurements 
At the time of implant loading with a provisional or definitive restoration (performed 
between week +24 and week +32) and at week +48 ± 4 weeks (identified as 6- and 12-month 
follow-up visits, respectively), peri-apical radiographs were obtained with a paralleling 
technique using a Rinn film holder with a rigid film-object X-ray source, and were then 
scanned, digitized, and stored at a resolution of 600 dpi. Also, a CT or a CBCT of the implant 
areas was performed at 12-month visit, and data were saved in Digital Imaging and 
Communications in Medicine (DICOM) file format. 
Measurements on digitized periapical radiographs were performed using an image-
processing software (NIS Elements® v4.2; Nikon Instruments, Campi Bisenzio, Firenze, Italy), 
while a software for implant planning was used for measurements on CT and CBCT scans 
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(Nobel clinician© v2.6.3.2; Nobel Biocare Services AG, Kloten, Switzerland). All radiographic 
measurements were performed by a single trained examiner (G.F.) who had previously 
undergone a calibration session for linear radiographic measurements on a sample of 15 
patients not included in the study (Cohen’s k-coefficient for intra-examiner agreement: 0.981) 
and had participated as clinical examiner in previous clinical trials on sinus lift procedures 
(Trombelli et al. 2008, 2010a,b, 2012, 2014,  2015, Franceschetti et al. 2014, 2015, 2017, 
Farina et al. 2018). The examiner was kept blinded as to treatment group and observation 
interval.  
On digitized periapical radiographs taken at 6- and 12-month visit, the following 
measurements were performed using a digital caliper: 
‣ radiographic implant length (rIL): distance (in mm) from the apical margin of the implant 
shoulder to the implant apex as assessed at the mesial or distal aspect of the implant; 
‣ peri-implant bone level at the mesial (mPBL) and distal (dPBL) aspects of the implant: 
distance (in mm) from the apical margin of the implant shoulder to the first bone-to-implant 
contact at the mesial and distal aspect of the implant, respectively. To account for 
radiographic distorsion, mPBL and dPBL were adjusted for a coefficient derived from the 
ratio: true length of the implant / radiographic implant length (rIL); 
‣ maturation of the grafted space: assessed using the sinus grafting remodeling index (SGRI) 
(Brägger et al. 2004).  
On CT and CBCT scans performed at 12-month visit, the following parameters were assessed:  
‣ percentage ratio between the linear length (in mm) of the implant surface in direct contact 
with the peri-implant radiopaque area (native bone + newly formed bone) and the linear 
length (in mm) of implant surface (CON%). CON% measurements were performed on each of 
180 CT/CBCT sections (with a 1° difference in angle between adjacent sections) parallel to the 
long axis of the implant and passing through the mid portion of the implant. CON% 
measurements from the 180 CT/CBCT sections were averaged (totCON%). Also, CON% were 
reported separately for the mesial, distal and apical aspect of the implant as assessed on the 
CT/CBCT mesio-distal section (mCON%, dCON%, and aCON%m-d, respectively) and for the 
buccal, palatal and apical aspect of the implant as assessed on bucco-lingual CT/CBCT section 
(bCON%, pCON%, and aCON%b-p, respectively); 
‣ height of the radiopaque area apical to the implant apex (aGH): distance (in mm) occupied 
by a radiopaque area between the implant apex and the most apical position of the 
radiopaque area as assessed at the mid portion of the implant on the CT/CBCT section passing 
through the mid portion of the implant apex.  
 
Statistical Analysis  
Sample size calculation  
totCON% was the primary outcome variable of the study. Since no data on totCON% related to 
the investigated interventions could be derived from previous comparative studies, sample 
size calculation was based on aGH. Assuming a standard deviation in sinus lift of 2.0 mm for 
both tSFE, as derived from an internal analysis of data from the studies by Trombelli et al. 
(2012, 2014) and Franceschetti et al. (2014), and lSFE (Chackartchi et al. 2011, Merli et al. 
2013), and an expected inter-group difference in sinus lift of 3.0 mm (Zitzmann & Schärer 
1998), a per protocol study population of at least 48 patients (24 treated with tSFE, 24 treated 
with lSFE) was needed for a two-tailed test to detect an inter-group difference in aGH with a 
power higher than 95% and a p-level of 0.05.  
 
Descriptive and inferential statistics 
A per-protocol (PP) analysis was performed. The patient was regarded as the statistical unit. 
Therefore, for patients receiving two implants concomitantly with sinus floor elevation in the 
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experimental quadrant, only the implant showing the lowest totCON% was included for 
analysis. If multiple implants within the experimental quadrant had the same totCON%, only 
the implant with the lowest aGH was included for analysis. Since all numerical variables 
showed a non-normal and non-symmetric distribution, they were expressed as median and 
interquartile range (IR). Within-group comparisons for mPBL, dPBL and SGRI were 
performed between 6- and 12-month visits using Wilcoxon test. Treatment groups were 
compared using χ2 test or Fisher’s exact test for categorical variables and Mann-Whitney U-
test for numerical and ordinal variables. The level of statistical significance was fixed at 0.05, 
and the analysis was done using Stata 13 for Windows (StataCorp, College Station, TX). 
 

Results  
Study population 
Twenty-nine patients and 28 patients were randomly allocated to tSFE and lSFE group, 
respectively (Figure 1). In tSFE group, 1 implant was immediately removed after placement 
due to the lack of primary stability, while 1 implant in another patient failed to osseointegrate 
and was removed at 2 months after insertion. Both patients were excluded from the present 
analysis, and received an implant of same dimensions 6 months later without additional bone 
augmentation. Another patient in tSFE group suffered acute myocardial infarction after the 6-
month visit, postponed all the 12-month radiographic exams and was therefore excluded from 
the study. The PP study population consisted of 26 patients in the tSFE group and 28 patients 
in the lSFE group (Figure 1). Patient and implant characteristics in tSFE and lSFE groups are 
reported in Table 1.  
 
Radiographic outcomes  
In tSFE group, DICOM files of three 12-month CT/CBCT exams could not be analyzed due to 
technical issues. Therefore, totCON% and aGH measurements in tSFE group were performed 
on 23 patients. Radiographic outcomes are reported in Table 2 and Figures 2-5. Each patient 
is consistently identified with the same numeric code through Figures 2-5. 
 
No center effect on totCON% and aGH was found. Data on CON% are reported in Table 2 and 
Figure 2. totCON% was 100% in both groups, with no significant inter-group difference (p= 
0.580) (Table 2). Three patients (13.0%) in the tSFE group showed totCON% lower than 
100%, with totCON% values ranging between 71.1% and 86.3%. In tSFE group, toCON% 
lower than 100% was mainly due to the absence of a peri-implant radiopaque area in the 
apical part of the implant (i.e., aCON%b-p and aCON%m-d = 0) (Figure 2). One patient (3.6%) in 
lSFE group showed totCON% lower than 100% (totCON%= 77.6%) due to the partial absence 
of a peri-implant radiopaque area at the palatal aspect (i.e., pCON%= 60%) (Figure 2).  
 
aGH was significantly higher in lSFE group (6.2 mm; IR: 3.3 – 8.3) compared to tSFE group 
(0.6 mm; IR: 0.5 – 1.6) (p< 0.0001). aGH was positive in 20 patients (87.0%) and 27 patients 
(96.4%) in tSFE and lSFE groups, respectively, and was 0 in the other patients (Figure 3).  
 
At 6 months, mPBL and dPBL were 0 mm (IR: 0 - 0) in both groups (p= 0.637 and p= 0.790, 
respectively). Two patients (7.7%) in the tSFE group and 1 patient (3.6%) in the lSFE group 
showed mPBL and/or dPBL > 0 mm. At 12 months, mPBL and dPBL were 0 mm (IR: 0 – 0) in 
both groups (p= 0.600 and p= 0.553, respectively). Four (15.4%) patients in the tSFE group 
and 5 (17.9%) patients in the lSFE group showed mPBL and/or dPBL> 0 mm (Figure 4). No 
significant changes in mPBL and dPBL were observed between the 6-month and 12-month 
visit. 
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SGRI values as observed at 6 and 12 months in each patient are reported in Figure 5. At 6 
months, SGRI was significantly higher in lSFE group (3.0; IR: 2.0 - 3.0) compared to tSFE 
group (2.0; IR: 2.0 – 3.0) (p= 0.006). The score was 3 at 20 sites, and 2 at 8 sites in lSFE group, 
whereas 3 at 9 sites, 2 at 11 sites, 1 at 4 sites, and 0 at 2 sites in the tSFE group. At 12 months, 
SGRI was significantly higher in lSFE group (3.0; IR: 3.0 - 3.0) compared to tSFE group (3.0; IR: 
2.0 – 3.0) (p= 0.026). The score was 3 at 24 sites, and 2 at 4 sites in lSFE group, whereas 3 at 
14 sites, 2 at 6 sites, 1 at 4 sites, and 0 at 2 sites in the tSFE group. The variation in SGRI as 
observed between 6 and 12-month visit was significant only in tSFE group (p= 0.043).  
 
Conclusions 
In conclusion, the results of the present study demonstrated that tSFE (when performed 
according to the Smart Lift technique) and lSFE similarly contribute to increase substantially 
the peri-implant bone support at sites with residual bone height of 3-6 mm at 12 months post-
surgery.  
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Table 1. Patient and implant characteristics in tSFE and lSFE groups.  
 

 

n°  
patients/i
mplants 

age  
(years) 

gender  smoking status 
RBH  
(mm) 

implant 
diameter 

(mm) 

implant 
length 
(mm) 

n median 
(IR) 

n° males / 
n° females 

n° current smokers / 
former smokers/never 

smoked 

median 
(IR) 

median 
(IR) 

median 
(IR) 

tSFE 
group 

26 51.6 
(47.0 – 58.5) 15 / 11  4 / 2/ 20 5.0 

(4.1 - 5.4) 
4.0 

(4.0 - 4.0) 
9.5 

(9.5 – 11.0) 

lSFE 
group 

28 53.0 
(48.5 - 59.0) 11 / 17 3 / 2 / 23 4.1 

(4.0 – 5.1) 
4.0 

(4.0 - 4.0) 
9.5 

(9.5 – 11.0) 

p value  0.461 0.176 0.882 0.123 0.146 0.485 

 
 
Table legend 
IR: inter-quartile range; RBH: residual bone height; tSFE: transcrestal sinus floor elevation (Smart Lift 
technique); lSFE: lateral sinus floor elevation. 
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Table 2. Proportion of the implant surface in direct contact with the radiopaque area (CON%) as assessed at 12 months post-surgery on the CT/CBCT. 
CON% measurements were performed on the CT/CBCT mesio-distal section assessing CON% on mesial, distal and apical aspect of the implant (mCON%, 
dCON%, and aCON%m-d, respectively) and on bucco-lingual CT/CBCT section assessing CON% on buccal, palatal and apical aspect of the implant  (bCON%, 
pCON%, and aCON%b-p, respectively). totCON% expresses the proportion of the implant surface in direct contact with the radiopaque area obtained by 
averaging CON% measurements of all 180 CT/CBCT sections parallel to the long axis of the implant and passing through the mid portion of the implant. 
 

 
 

 totCON% bCON% aCON%b-p pCON% mCON% aCON%m-d dCON%

tSFE 
group *

100
(IR: 100 - 100;

min: 71.1 - max: 100)

100
(IR: 100 - 100;

min: 72.6 - max: 100)

100
(IR: 100 - 100;

min: 0 - max: 100)

100
(IR: 100 - 100;

min: 60.0 - 100)

100
(IR: 100 - 100;

min: 73.6 - max: 100)

100
(IR: 100 - 100;

min: 0 - max: 100)

100
(IR: 100 - 100;

min: 100 - max: 100)

lSFE 
group

100 
(IR: 100 - 100; 

min: 77.6- max: 100) 

100
(IR: 100 - 100;

min: 100 - max: 100)

100
(IR: 100 - 100;

min: 60.0 - max: 100)

100
(IR: 100 - 100;

min: 60.0 - max: 100)

100
(IR: 100 - 100;

100 - max: 100)

100
(IR: 100 - 100;

100 - max: 100)

100
(IR: 100 - 100;

100 - max: 100)

p value 0.580 0.606 0.554 0.963 0.800 0.435 0.992

 
 
Table legend 
IR: inter-quartile range; lSFE: lateral sinus floor elevation; min: minimum value; max: maximum value; tSFE: transcrestal sinus floor elevation. 
* In tSFE group, DICOM files of three 12-month CT/CBCT exams could not be analyzed due to technical issues. Therefore, CON% measurements in tSFE group were performed on 23, and not 26, 
patients. 
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Figure 1. Flow chart of patient inclusion and follow-up. 
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Figure 2. CON% (percentage proportion of the implant surface in direct contact with the radiopaque area) values as assessed on the 12-month CT/CBCT of 
each patient in tSFE and lSFE groups. 
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Figure 3. Height of the radiopaque area apical to the implant apex (aGH) as assessed in mm on the 12-month CT/CBCT of each patient in the tSFE group (a) 
and lSFE group (b). 
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Figure 4. Peri-implant bone level (as assessed in mm on the 12-month periapical radiograph) at the mesial and distal aspects of the implant (mPBL and 
dPBL, respectively): a) mPBL in each patient of the tSFE group; b) dPBL in each patient of the tSFE group; c) mPBL in each patient of the lSFE group; d) 
dPBL in each patient of the lSFE group.  
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Figure 5. Sinus graft remodeling index (SGRI, Bragger et al. 2004) values as assessed on periapical radiograph in each patient of the tSFE group at a) 6 
months and b) 12 months, and in each patient of the lSFE group at c) 6 months and d) 12 months. 
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Riassunto 
L’osso bovino deproteinizzato (DBBM) è il sostituto osseo più comunemente utilizzato negli 
innesti ossei. Studi recenti hanno descritto la capacità del DBBM di influenzare il sistema 
immunitario dell’ospite inducendo i macrofagi a differenziare in senso antinfiammatorio (M2). 
Dopo aver confermato la capacità del DBBM di indurre il fenotipo macrofagico M2, l’obiettivo di 
questo studio è stato quello di identificarne un potenziale meccanismo regolatore. Abbiamo 
ipotizzato che la corona proteica che si forma attorno ai granuli di DBBM dopo il loro contatto 
con il sangue possa svolgere un ruolo importante nell’attivazione macrofagica. I risultati ottenuti 
con SDS-PAGE e Western Blot hanno evidenziato una selettività del DBBM per le 
immunoglobuline G (IgG). Pertanto, abbiamo analizzato la polarizzazione di macrofagi primari 
umani coltivati a contatto con il DBBM in presenza o in assenza di IgG. I risultati di espressione 
genica (RT-PCR) hanno rivelato un’attivazione macrofagica più marcata sul DBBM e indirizzata 
al fenotipo M2. Inoltre, l’induzione della citochina antinfiammatoria IL-10 è risultata 
significativamente più elevata di quella delle citochine pro-infiammatorie IL-8 (p=0.00116) e 

TNF (p=0.0091). I risultati di questo studio indicano chiaramente che l’adsorbimento 
preferenziale di IgG al DBBM stimola i macrofagi a produrre IL-10 che, a sua volta, è 
plausibilmente implicata nella formazione di un microambiente favorevole all’osteogenesi. 
 
 
Abstract 
Deproteinized bovine bone mineral (DBBM) is the gold standard xenograft used in bone 
augmentation procedures. Recent findings have demonstrated that DBBM exerts and 
impact on host immune response by inducing macrophage polarization towards an 
alternative activation (M2). In this study, we confirmed the capacity of DBBM to induce 
the M2-phenotype and further identified a potential controlling mechanism. We 
hypothesized that the protein-corona formed around DBBM granules after their insertion 
plays an important role in the control of macrophage polarization. SDS-PAGE and Western 
Blot results identified a selectivity of DBBM for immunoglobulins-G (IgG). Therefore, we 
analyzed the polarization of primary human macrophages, derived from peripheral blood, 
on DBBM granules in the presence or in the absence of IgG. RT-PCR results demonstrated 
a higher activation of macrophages on DBBM and a tendency to shift their phenotype 
toward the M2 polarization. Furthermore, we detected a more marked induction of the 
anti-inflammatory interleukin IL-10 if compared to the pro-inflammatory IL-8 (p=0.0116) 

and TNF (p=0.0091) expression. The results from this study indicate that the selective 
adsorption of IgG to DBBM preferentially stimulates the production of the anti-
inflammatory IL-10 in human macrophages, which could be potentially involved in the 
creation of a microenvironment suitable for osteogenesis. 
 
Introduction 
Over the last decades, bone grafts have been widely used for bone augmentation 
procedures and the management of periodontal bone defects1-3. Among them, 
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deproteinized bovine bone mineral (DBBM), which is basically hydroxyapatite obtained 
with the removal of any organic components from bone of bovine origin, is the gold 
standard xenograft. Even though DBBM lacks any intrinsic osteoinductive potential, large 
preclinical studies have confirmed its osteogenic and osteoconductive capacities, which 
prominently enhance the speed and the quality of new bone formation4, 5. Interestingly, 
previous studies have also convincingly demonstrated the capacity of DBBM to induce the 
formation of large multinucleated giant cells (MNGCs) in vivo6, 7. This evidence, together 
with the proof that cells from the monocytic lineage are among the first to come in contact 
with biomaterials8, 9, suggests a potential important role of the host innate immunity in 
bone regeneration.   
Macrophages are phagocytic cells involved in innate immunity that circulate in blood or 
reside in specialized tissues contributing in the maintenance of local homeostasis10. They 
are typically characterized by their plasticity in response to the exposure to different milieu 
signals, which leads to the switch of their metabolic and functional properties into a 
killing/inhibitory capacity (M1) or into a heal/promoting setting (M2)11, 12. Therefore, it is 
convincible that the role of these cells in bone tissue is highly influenced by the 
implantation of a foreign biomaterial, such as DBBM13. In this regard, in vitro studies on 
murine models have convincingly shown that osteoblasts differentiation on DBBM is not a 
direct consequence of the material contact14 but, rather, an effect of macrophage 
polarization towards an M2 phenotype15. However, the mechanism that controls 
macrophage phenotype upon interaction with DBBM has not been investigated yet. 
During the surgical procedure DBBM is often used in combination with patient’s own 
blood. It follows that plasma proteins are quickly adsorbed on material surface shortly 
after its insertion, and the formation of this so-called protein-corona is the first and 
decisive step to define cell-DBBM interaction16. Protein adsorption to biomaterials is a 
complex process, and when DBBM is exposed to blood plasma, certain molecules are 
preferentially deposited from the bulk. The most abundant protein species present in the 
bulk solution are adsorbed firstly. Subsequently, molecules endowed with greater affinity 
for the substrate may induce the detaching of the previously adsorbed and less affine 
ones17, 18. Therefore, the characterization of blood plasma protein adsorption to DBBM is 
the first step to understand the mechanisms behind its clinical performance. 
Immunoglobulins are among the most abundant proteins in blood (15-20mg/ml) and are 
capable to elicit a variety of cellular responses through their Fc portion. Immunoglobulins-

G (IgG) represent the most abundant antibody class in blood (12mg/ml) and are capable 

of binding various members of the Fc receptor family (FcRs), which are expressed on 

several immune cells19, 20. Human macrophages express FcRI and, interestingly, IgG4 
binding to this receptor has been described to trigger the M2-like phenotype21.  
Considering these premises, the aim of this work was to study the adsorption pattern of 
blood plasma protein to DBBM and, therefore, to determine potential mechanisms 
triggered by IgG in inducing the activation of macrophages towards M2-like phenotype.  
 
 
Materials and Methods 
This study has been conducted using BioOss® granules kindly provided by Geistlich 
Pharma AG (Wolhusen, CH) and primary macrophages isolated from whole human blood 

according to the approval by the local ethic committee (3182/2018). 
 
Protein adsorption studies 
The adsorption pattern of blood plasma proteins to DBBM has been investigated by 
soaking DBBM granules (range size 0.25-1mm) in 2% human serum. The amount of 
protein adsorption has been monitored through Bradford assay, while the composition of 
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the protein-corona has been investigated through SDS-PAGE and Western Blot (WB) 
analysis. 
Bradford assay – Seventy-mg of DBBM were weighed and soaked for 1h at room 
temperature (RT) on an orbital shaker with 500µl of PBS (Thermo Fisher, Waltham, MA – 
USA) supplemented with 2% of IgG-depleted human serum (IHPLA-SER-GF, Innovative 
Research, Novi, IT) in the presence or in the absence of a 2%-diluted physiological 
concentration (0.3mg/ml) of human IgG (I4506, Sigma-Aldrich, Saint-Louis, MI – USA). 
Ten-µl aliquots of supernatants were collected after 5, 15, 30, 45 and 60min and used for 
protein quantitation. Bradford assay (BIO-RAD Protein Assay, BIO-RAD, Hercules, CA – 
USA) was performed mixing serum aliquots with 200µl of Bradford Working Solution. 
Specimens were incubated at 37°C for 2min and their absorbance was assessed at 620nm 
with a Multiskan FC plate reader (Thermo Fisher). 
SDS-PAGE – Seventy-mg of DBBM were weighed and soaked for 1h with 2% human 
serum in the presence or in the absence of IgG as described above. For total proteins 
recovering, samples were incubated with 100µl of Sample Buffer 1X (Tris-HCl 62.5mM pH 
6.8, SDS 1,5%w/v, DTT 100mM and traces of Bromophenol Blue), cooled at -20°C 
overnight, sonicated for 1omin and boiled at 95°C for 5min. Equal volumes of samples 
were thus loaded on a 12% polyacrylamide gel (Sigma-Aldrich) and separated at 110V for 
1h and 30min. To reveal proteins, gel was exposed to the Silver Stain solution (Silver Stain 
solution kit, BIO-RAD) and images were acquired by Personal Densitometer SI (Molecular 
Dynamics, GE Healthcare, Little Chalfont, UK). 
Western blot – After SDS-PAGE analysis, separated proteins were blotted on a PVDF 
membrane (Immobilon-P, Darmstadt, D) at 100V for 1h. Non-specific sites were blocked 
for 1h at RT in Tris-buffered saline (TBS, TrisHCl 50mM ph 7.5 and NaCl 150mM) 
containing 10% of blocking reagent (Roche S.p.A., Segrate, IT). Membrane was then 
incubated overnight with an anti-human HRP-conjugated IgG antibody (abcam, 
Cambridge, UK) diluted 1:10000 (Sigma-Aldrich). Immunoreactivity was visualized with 
enhanced chemiluminescence (Immobilon Western Chemiluminescent HRP, Sigma-
Aldrich). 
 
Samples preparation 
To simplify the model and to better understand the effects of IgG on macrophage 
polarization, an albumin solution at serum concentration supplemented or not with 
human IgG was used for DBBM coating. 
DBBM coating – Human albumin solution (Alburex®, CSL Behring, Bern, CH) was 
diluted at 2% in PBS (0.8mg/ml) and supplemented or not with IgG (Privigen®, CSL 
Behring) at a final 2%-diluted physiological concentration (0.3mg/ml). The 2 different 
solutions were then used to coat 70mg of DBBM granules or the bottom of 48-well tissue 
culture plates, which were used as controls, for 1h at RT on an orbital shaker. A WB 
analysis (see above) was then performed to confirm albumin and IgG adsorption on 
granules. Albumin detection was performed using an anti-albumin (Cell Signalling) 
primary antibody diluted 1:800 in 0.1% Tween20 in TBS supplemented with 5%BSA and 
revealed with an HRP-conjugated secondary antibody diluted 1:10000 (Cell Signalling). 
 
In vitro assays 
The polarization of human macrophages obtained after selection and differentiation of 
human monocytes isolated from whole blood plasma has been studied through RT-PCR. 
Blood samples – Ten 5ml specimens of whole human plasma were collected. Eligible 
volunteers were identified from the members of the research team of the School of Dental 
Medicine of the University of Parma, Italy. The presence of hematological, immunological 
or diabetic diseases was an exclusion criterium. All the subjects gave written informed 

consent (3182/2018), and full medical history was recorded. Blood samples were 
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collected in the morning and immediately transferred to the laboratory for monocyte 
isolation that was completed within 8h.  
Macrophage isolation and culture – Ficoll-Paque Plus solution (Sigma-Aldrich) was 
used to separate peripheral blood mononuclear cells (PBMCs), followed by two rinses in 
PBS for better removal of platelets. After having determined the cell number, PBMCs were 
resuspended in RPMI-1640 (EuroClone, Pero, IT) supplemented with 5% of human serum 
(Innovative Research), L-Glutammine 2mM (Thermo Fisher) and 1% PenStrep (Thermo 
Fisher) and plated on a 6-well plate. Thirty minutes after seeding non-adhering cells were 
gently removed and the culturing media was further supplemented with M-CSF 50ng/ml 
(BioTechne, Minneapolis, MN – USA) for macrophage differentiation. After 7 days, 
macrophages were recovered and seeded on DBBM at a final concentration of 
300000cells/sample in complete RPMI-1640 supplemented with 2% human albumin (CLS 
Behring), L-Glutammine 2mM and 1% PenStrep. 
RT-PCR analysis – Total RNA from human macrophages was extracted 48h after 
seeding by TRIzol (Thermo Fisher) and further purified using the GeneJET RNA 
purification kit (Thermo Fisher). Five hundred-mg of RNA were used as a template for 
cDNA synthesis using a RevertAid RT Reverse Transcription kit (Thermo Fisher). The 
expression of cluster differentiation related genes CD68 (M0), CD86 (M1) and CD36 (M2), 
as well as the expression of the inflammatory-related interleukin-8 (IL-8) and tumor 

necrosis factor alpha (TNF), and of the anti-inflammatory IL-10 was detected by RT-PCR. 
The specific primer sets are outlined in Table 1. RT-PCR was performed in a total volume 
of 20µl with the Power UP SYBR Green Master Mix (Thermo Fisher) and the target gene 
expressions were evaluated with a StepOne Plus Real-Time PCR System (Applied 
Byosistem, Foster City, CA – USA). Data analysis was made according to the relative 
standard curve method. Expression data were reported as the ratio between each 
investigated mRNA and RPL15 mRNA.  
 

 

Table 1: Primer sequence used for RT-PCR 

 

Statistical analysis 
Data were analyzed using Prism8 (GraphPad, La Jolla, CA – USA) and are reported as the 

mean  SD of three repeated experiments performed in multiple replicates. Differences 
between groups were evaluated with either t-test or one-way ANOVA statistical test with 
Tukey multiple comparison post-hoc test and considered significant when p<0.05. 
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Results 
 
DBBM protein-corona formation 
A Bradford assay was exploited to study the time-course of blood plasma protein 
adsorption to DBBM. Protein adsorption followed a hyperbolic trend (R2=0.9672) showing 
a massive adsorption within 15min without any marked difference between IgG-depleted 
and IgG-supplemented sera (Fig.1a).  
When the protein-corona composition was qualitatively analyzed by SDS-PAGE and WB, 
the patterning of DBBM adsorbed proteins was similar to that of complete human serum 
(Fig.1b lane3 vs. lane5). However, the intensity of revealed bands showed that some 
proteins were better adsorbed than others. Interestingly, the band around 70kDa, which is 
putatively that of serum albumin, was only moderately adsorbed on DBBM, while the one 
around 50kDa (putatively containing IgG heavy chains) and the one around 23.5kDa 
(putatively containing of IgG light chains) were more evident in the DBBM sample (lane5). 
Since electrophoresis data can only be considered semi-quantitative, to further 
characterize protein adsorption to DBBM, we performed an immunoblot. IgG heavy chains 
were massively present in the pool of DBBM-adsorbed proteins (Fig.1c). Noteworthy, 
DBBM showed a greater affinity for the IgG heavy chain, while no adsorption of other Ig 
isoforms, such as IgA or IgM was detectable as in the complete serum counterpart. 
Additionally, although roughly equal amounts of proteins were adsorbed to DBBM 
(Fig.1a), no evident pattern change, besides IgG-containing bands, was visible when IgG-
depleted medium was used (Fig.1b). 

 

Figure 1: Protein adsorption study. (A) Time course of complete or IgG-depleted 2% human serum proteins to DBBM. 
(B) SDS-PAGE of complete or IgG-depleted 2% human serum proteins adsorbed for 1h to DBBM. (C) Western Blot 
analysis of IgG adsorbed to DBBM. 
 

The affinity of DBBM for IgG was further confirmed when DBBM or controls were 
incubated with serum or albumin solution in the presence or in the absence of IgG. While 
DBBM evidently adsorbed IgG (Fig.2b), no IgG adsorption was detected for controls 
(bottom of culture wells). Moreover, controls showed a remarkable affinity for albumin, 
which, on the contrary, was less evidently adsorbed on DBBM (Fig.2a). 

 

 
 
 
 
 
 
 
 
 
 

Figure 2: Protein adsorption study. (A) 
Western Blot analysis of albumin 
adsorbed to DBBM. (B) Western Blot 
analysis of IgG adsorbed to DBBM. 
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The effect of protein-corona on macrophage activation and differentiation 
The study of macrophages activation was performed on DBBM and on controls previously 
exposed to a solution of albumin and IgG or of albumin at physiological concentrations. 
The expression of the CD68 was markedly enhanced when IgG were adsorbed on DBBM 
(Fig.3a – Control vs. DBBM + IgG p=0.0016; Control + IgG vs. DBBM + IgG p=0.0014; 
DBBM vs. DBBM + IgG p=0.0029). Furthermore, when the fold-change IgG vs. No IgG 
was considered, a higher expression of the macrophage marker dependent on the presence 
of IgG was evident for DBBM if compared to the control (p=0.0130). Noteworthy, the 
expression of the pro-inflammatory marker CD86 was greatly diminished on DBBM both 
in the presence or in the absence of IgG, showing statistically significant differences with 
the control pre-adsorbed with IgG (Fig.3b – Control + IgG vs. DBBM p=0.0254; Control 
+ IgG vs. DBBM + IgG p=0.0259), while no significant differences were assessed on DBBM 
in the presence or in the absence of IgG (p>0.9999). Consistently, the analysis of the fold-
change showed lack of induction on DBBM even though the difference with control was 
not significant (p=0.0764). On the contrary, the analysis of the fold-change for the 
expression of the scavenger receptor CD36 showed a positive effect of DBBM against the 
control even though without significant differences (p=0.1445). The levels of CD36 
expression were indeed comparable among all the samples and statistically significant 
differences were detected only between DBBM and controls in the absence of IgG (Fig.3c 
– Control vs. DBBM p=0.0434). 
 

 

Figure 3: CD expression analysis. (A) Relative mRNA expression and IgG/No IgG fold change of CD68. (B) Relative 
mRNA expression and IgG/No IgG fold change of CD86. (C) Relative mRNA expression and IgG/No IgG fold change of 
CD36. ^=p<0.05 vs. Control + IgG; °=p<0.05 vs. Control + IgG; +=p<0.05 vs. DBBM; /=p<0.05 vs. DBBM + IgG; 
*=p<0.05 Control vs. DBBM. 
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The effect of protein-corona on cytokines expression 
The influence of adsorbed proteins on macrophage polarization has been further 
investigated through the analysis of the expressed cytokines. Particularly, the transcription 

levels of IL-8, IL-10 and TNF have been taken into consideration. 
The expression of IL-8 was promoted on DBBM and further enhanced by the presence of 
IgG (Fig.4a – Control vs. DBBM p=0.0041; Control vs. DBBM + IgG p=0.0006; Control + 
IgG vs. DBBM p=0.0289; Control + IgG vs. DBBM + IgG p=0.0017; DBBM vs. DBBM + 
IgG p=0.0177). However, when the fold-change IgG vs. No IgG was considered, the 
production of IL-8 was more markedly enhanced by the antibodies on controls than on 
DBBM (p=0.0046), suggesting that the stimulatory effect of IL-8 production detected in 
macrophages exposed to DBBM is somewhat blunted by IgG. At variance with IL-8 
expression, DBBM did not influence the expression of IL-10 (Fig.4b – Control vs. DBBM 
p=0.2934; Control + IgG vs. DBBM + IgG p=0.1815), which was instead markedly 
influenced by the presence of IgG (Fig.4b – Control vs. Control + IgG p=0.0178; Control + 
IgG vs. DBBM p=0.0248; DBBM vs. DBBM + IgG p=0.0055). The analysis of the fold-
change indicated that IgG effect was significantly higher with DBBM than under control 

conditions (p=0.0121). Surprisingly, the expression of TNF was comparable among all 
the groups and the fold-change did not reveal any significant difference (Fig.4c – 
p=0.1335). 
  

 

Figure 4: Cytokine expression analysis. (A) Relative mRNA expression and IgG/No IgG fold change of IL-8. (B) Relative 
mRNA expression and IgG/No IgG fold change of IL-10. (C) Relative mRNA expression and IgG/No IgG fold change of 
TNF. ^=p<0.05 vs. Control + IgG; °=p<0.05 vs. Control + IgG; +=p<0.05 vs. DBBM; /=p<0.05 vs. DBBM + IgG; 
*=p<0.05 Control vs. DBBM. 
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The direct comparison of the fold-changes in cytokine expression induced by IgG in 
macrophages seeded on DBBM (Fig.5), highlighted a much higher induction of IL-10 

compared to both IL-8 (p=0.0116) and TNF (p=0.0091). 
 

 

Figure 5: Cytokine expression analysis. Comparison of IgG/No IgG fold change of IL-8, IL-10 and TNF. *=p<0.05. 
 

 

Discussion 
Macrophages represent the driving force that coordinate the chronic inflammation at 
biomaterials interface after insertion22. Once activated, these cells interact with the foreign 
material showing most often features of a classically activated pro-inflammatory 
phenotype (M1). However, macrophages exhibit a functional plasticity that allows a more 
or less complete switch of their metabolism and functional properties towards an 
alternatively activated anti-inflammatory and pro-resolving phenotype (M2)12. A debate on 
the mechanisms regulating macrophages commitment is still open and, together with the 
complexity of intermediate or mixed phenotypes, still renders difficult to understand the 
precise role played by macrophages during specific regenerative processes, such as the 
new-bone formation that occurs after augmentation procedures. 
Recent findings have shown that DBBM, a typical bone xenograft commonly used in 
dentistry, promotes macrophage polarization toward an M2-pro-resolving phenotype, 
which further contributes to the creation of a microenvironment suitable for osteoblast 
maturation and new-bone deposition15. Nevertheless, the mechanisms that drive M2-
polarization on DBBM remains to be characterized. In this study, we have analyzed the 
role of plasma protein adsorption at the interface of DBBM on macrophage activation and 
polarization. 
When serum proteins were adsorbed on DBBM, a massive contribution of IgG in forming 
the protein-corona was evident (Fig.1b-c). Since, as a consequence of the Vroman effect18, 
albumin is the first molecule to be adsorbed on surfaces, we can presume that DBBM 
possesses a remarkable affinity for IgG. Therefore, we investigated if IgG could influence 
the response of macrophages when cultured on DBBM. The analysis of the CDs (cluster of 
differentiation) revealed that the expression of CD68, a general marker for macrophages 
activation, was promoted on DBBM when IgG were adsorbed (Fig.3a). Furthermore, the 
expression of CD86, which is expressed at low levels in monocytes and up-regulated on 
macrophages surface under inflammatory conditions23, was stimulated by IgG adsorbed to 
culture plastic but not to DBBM (Fig.3b). Even though no significant differences were 
detected, the expression of the CD36, a scavenger receptor that is an important player in 
collagen-guided platelet adhesion24, exhibited a positive trend in macrophages seeded on 
DBBM as an effect of IgG adsorption (Fig.3c). According to Shi et al., our findings confirm 
that DBBM elicited effects on the behavior of macrophages by shifting their phenotype 
toward the M2 extreme and suggest that IgG adsorption can influence this effect15.  
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Additional information has been obtained from the analysis of cytokine expression, which 
clearly identified a potential anti-inflammatory role of IgG when adsorbed on DBBM. 
Consistently with the literature, the expression of the gene for IL-8, which is a potent pro-
inflammatory mediator, was promoted on DBBM and further enhanced by the presence of 
IgG both on DBBM and on controls25. However, the effect of IgG was much smaller on 
macrophages seeded on DBBM and, interestingly, DBBM-dependent induction was laved 
in the presence of IgG, compared with samples treated with albumin alone, suggesting that 
IL-8 increase should be attributed to DBBM. Conversely, a 2-folds induction of IL-10 gene 
(Fig.4a), which is mainly expressed and secreted by immunocompetent cells to limit and 
control the inflammatory response, was observed when IgG were adsorbed on DBBM 
(Fig.4b). IL-10 is a potent anti-inflammatory cytokine that inhibits macrophage activation 
by suppressing the production of inflammatory cytokines26. Consistently with this, the 

presence of adsorbed IgG seems to recover the expression levels of TNF (Fig.4c), but this 
data should be confirmed with further analysis. 
It should be stressed that our data have been obtained with primary human macrophages. 
To the best of our knowledge, previous efforts that aimed to study macrophage 
polarization on biomaterials in vitro were mostly conducted using murine cells or cell lines 
of human or murine origin. Since murine and human macrophage models are known to 
possesses high discrepancies in their M1/M2 profiles, such as different capability of 
inducing NO synthase (NOS) activity, as well as of expressing in cytokines or chemokines 
receptors27, 28, the use of primary macrophages isolated from whole blood plasma confers 
reliability to our results.  
In conclusion, these data are consistent with the hypothesis that, while contact with DBBM 
promotes the acquisition of functional competence by blood-derived macrophages, 
preferential IgG adsorption to DBBM, due to a marked affinity of these proteins for the 
material, may promote anti-inflammatory and pro-repair responses of human 
macrophages through IL-10 expression. If expression data will be confirmed with 
determinations of secreted cytokines, we can furthermore speculate that macrophage-
derived IL-10 could be involved in bone regeneration on two different levels. First, IL-10 is 
known to activate osteoblasts by stimulating the secretion of osteoprotegerin (OPG) and 
inhibiting that of the receptor activator of nuclear factor kappa-B ligand (RANKL), needed 

for osteoclast differentiation29. On the other hand, IL-10 is an inhibitor of the TNF 

production26. High levels of TNF enhance the secretion of the IL-6, a potent effector of 
the osteoclastogenesis, and further induces osteoclastogenesis by direct stimulation of 
macrophages when exposed to RANKL30, 31. IL-10 could be involved in inhibiting this 
pathway. Further studies investigating the effects of macrophages conditioned medium on 
osteoblasts and osteoclasts activity are needed to validate these mechanisms. 
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