
Received: 21 February 2024 
Accepted: 24 March 2024

Copyright © by LAB srl 2024 ISSN 2975-1276 

This publication and/or article is for individual use only and may not be 

further reproduced without written permission from the copyright 
holder. Unauthorized reproduction may result in financial and other 

penalties. Disclosure: All authors report no conflicts of interest relevant 

to this article. 

, 

Clinical Trial 

IMMEDIATELY LOADED MINI DENTAL IMPLANTS AS 

OVERDENTURE RETAINERS: HISTOMORPHOMETRIC 

ANALYSIS OF IMPLANT RETRIEVED FROM MAN 

S.R. Tari1, S.A. Gehrke2 A. Scarano1*, G. Di Palma3 and P. Scarano1 

1Department of Innovative Technologies in Medicine & Dentistry, University of Chieti-Pescara, Italy; 
2Department of Research, Bioface/PgO/UCAM, Montevideo, Uruguay, Department of Biotechnology, 

Universidad Católica de Murcia (UCAM), 30107 Murcia, Spain; 
3University of Bari Italy 

*Correspondence to:

Antonio Scarano, DDS

University of Chieti-Pescara,

Via Dei Vestini 31,

66100 Chieti Italy

e-mail: ascarano@unich.it

ABSTRACT 

The primary function of the dental implant is to transmit occlusal load to the bone with a non-submerged 

surgical procedure that provides the patient with a provisional restoration. Immediate loading is a clinical procedure in 

which the dental implant and prosthesis are placed simultaneously to restore the patient's ability to chew food correctly, 

smile, and speak. In this case report, we histologically examined an immediately loaded mini-implant used for 

overdenture. The patient reports receiving two mini dental implants (1.8 mm × 13 mm) in the mandibular interforaminal 

region two years ago. The implants were immediately loaded with pre-made overdentures. He complains of continuous 

prosthesis loosening, forcing him to replace the O-rings constantly. The clinical examination showed that the right 

implant was excessively inclined lingually. After evaluating the different treatment options, a decision is made with the 

patient to remove the implant and place a new one. Histological samples showed cortical bone with a small medullary 

space without epithelial cells or connective tissue. Human implants are essential for the long-term evaluation of implants 

subjected to functional loading. The results confirm clinical findings and help doctors choose the most suitable surgical 

technique for the patient. 
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INTRODUCTION 

Dental implants have been proven to be highly successful long-term rehabilitation options for edentulous or 

partial edentulous patients. They are currently the best prosthetic alternative in several clinical indications, with high 

survival and success rates (1). 

Osseointegrated dental implant fruit the osseointegration process discovered by Brånemark and defined as “the 

structural, functional and direct connection between bone and dental surface” (2). One usually waits for a healing period 

of   
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several months before placing a prosthesis and then loading the implant. The primary function of the dental implant is 

to transmit occlusal load to the bone with a non-submerged surgical procedure that provides the patient with a 

provisional restoration. Immediate loading is a clinical procedure in which the dental implant and prosthesis are placed 

simultaneously to restore the patient's ability to chew food correctly, smile, and speak (3). In most cases, the prosthesis 

is applied from the patient's tooth within the same day of implant placement or 48 hours, which makes the process quick. 

Many studies have been conducted in animal models, such as monkeys and dogs (1, 4), to identify the reasons for the 

success or failure of immediate-loading dental implant treatments. 

All these studies make it possible to investigate aspects of peri-implant tissue healing and peri-implant disease 

development. Still, they have a low quality of evidence, and the results obtained from these studies could be 

automatically transposed to a human situation. It is unethical to perform randomised studies on men; for this reason, it 

is essential to evaluate the occasionally retrieved human implants. In some cases, it is necessary to remove the implant 

for prosthetic complications, prosthetics, misalignment, or other problems or be obtained as part of a research protocol 

approved by an Ethical Committee. Immediately loaded and removed implants are essential data for understanding the 

nature of the complex and soft tissues in contact with the implant. In this case report, we histologically examined an 

immediately loaded mini-implant used for overdenture. 

CLINICAL CASE 

Material and methods 

The patient reports receiving two mini dental implants (1.8 mm × 13 mm) in the mandibular interforaminal 

region two years ago. The implants were immediately loaded with pre-made overdentures. He complains of continuous 

prosthesis loosening, forcing him to replace the O-rings constantly. The clinical examination showed that the right 

implant was excessively inclined lingually (Fig. 1). 

Fig. 1. The implant was excessively inclined lingually (Arrow). 

Unfortunately, the position of the implant resulted in poor retention and premature wear of the O-rings. After 

evaluating the different treatment options, a decision was made with the patient to remove the implant and place a new 

one. Preoperatively, the patient was extensively informed concerning the surgical procedures. An attempt was made to 

unscrew the implant without success, so it was decided to remove it by performing a blok section with ultrasound 

(Esacrom, Imola-Italy). 

Prior to surgery, the subject’s mouth was rinsed with a chlorhexidine digluconate solution of 0.2% for 2 min. 

Local anesthesia was performed by Articaine® (Ubistesin 4% - Espe Dental AG Seefeld, Germany) with epinephrine 

1:100.000. The blok section was stored in 10% buffered formalin and processed for histology and histomorphometry at 

the Implant Retrieval Centre, Dental School, University of Chieti-Pescara, Italy, to obtain thin ground sections with the 

Scan 1 Automated System (Pescara, Italy). The sample was dehydrated in an ascending series of alcohol rinses and 

embedded in a glycolmethacrylate resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany). After completion of the 

polymerization process, each specimen was sectioned longitudinally along its major axis with a high-precision diamond 
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disc at about 150 µm and ground down to about 30 µm. Three slides were obtained and stained with acid fuchsin and 

toluidine blue. The nomenclature approved by the American Society of Bone and Mineral Research was used to evaluate 

bone quality and histomorphometric measurements (5). It was observed in normal transmitted light under a Nikon 

microscope ECLIPSE (Nikon, Tokyo, Japan). The different hard tissues, medullary space, and biomaterials were carried 

out by a light microscope connected to a high-resolution video camera (16.25-megapixel) (Digital Sight series 

microscope cameras), interfaced to a high-definition monitor and a personal computer (Notebook Toshiba Satellite pro 

r50-c-15w). This optical system was associated with a histometry software package with image-capturing capabilities, 

then recorded using a Sony α330 digital camera and subjected to morphometric analysis using digital image analysis 

(NIS-Elements AR 3.0 software, Nikon, Minato, Japan). 

Results 

At low magnification, the sample showed cortical bone with a small medullary space and without pithelial 

cells or connective tissue. No gap was observed between the bone and the implant at high magnification. 

No pathological inflammatory cell infiltrates or foreign body reactions were evident, and few osteoblasts were 

present in the specimens evaluated (Fig. 2). 

Fig. 2. Compact bone with small marrow spaces can be observed around the implant perimeter. The bone tissue is 

also located above the implant shoulder. Acid fuchsin-toluidine blue 40X. 

DISCUSSION 

Dental implants have become a successful and good option to enhance the stability and retention of complete 

dentures over resorbed ridges. Mini dental implants are a valid alternative to standard dental implants due to their small 

diameter, low primary costs, and avoidance of invasive treatments such as bone augmentation. They are usually used in 

elderly patients with various diseases or being treated with many drugs. The clinical outcomes of immediately loaded 

mini dental implants used as retainers for mandibular overdenture were recently investigated by different authors. 

Scepanovic et al. reported a 98.3% implant success rate at the 1-year follow-up (6). The results in the present case report 

confirm the success rate of the mini-implant used for the mandibular overdenture. The outcome showed a high 

percentage of bone in direct contact with the implant. These histological results justify the high success rates reported 

by various authors (7, 8). 

The initial stability of the mini-implant is important for successful osteointegration and a high success rate. It 

depends upon the implant design, bone quality, and surgical technique used.  

The initial healing period of an implant is the phase of the osseointegration process that is primarily affected 

by the surface condition of the implant (9). 

A cascade of biological events is initiated when an implant is placed into a bone site (10). Osteogenic cells are 

recruited and migrated to the implant surface. Immediate loading was clinically proposed more than 50 years ago when 
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Linkow et al. introduced endosseous blade implants (11). Piattelli and colleagues histologically demonstrated that 

immediately loaded implants achieve a very high BIC (12-16). 

CONCLUSIONS 

Histological evaluation is extremely important for the long-term evaluation of implants subjected to functional 

loading. For this reason, it is essential to analyse the removed implants histologically. The results confirm clinical 

findings and help doctors choose the most suitable surgical technique for the patient. Although we have described only 

one clinical case, the case report allows us to histologically confirm the validity of immediately loaded mini dental 

implants as overdenture retainers. 
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ABSTRACT 

Female reproductive disorders represent conditions that can significantly impact the overall well-being of 

women. Research suggests that hormonal changes during menstrual cycles, pregnancy, and menopause can influence the 

oral environment and contribute to an increased susceptibility to oral diseases, such as periodontitis. Furthermore, 

polycystic ovary syndrome (PCOS), a common endocrine disorder in women of reproductive age, has been associated 

with an increased risk of periodontal disease. The underlying hormonal imbalances and inflammatory processes in PCOS 

may contribute to the higher prevalence and severity of periodontal disease observed in these individuals. Conversely, 

periodontal disease may have implications for female reproductive health. Evidence suggests a potential link between 

periodontal pathogens and adverse pregnancy outcomes, including preterm birth, low birth weight, and preeclampsia. The 

dissemination of oral bacteria and their byproducts into the systemic circulation can trigger an inflammatory response and 

disrupt the delicate balance essential for a successful pregnancy. This review explores the interrelationship between 

female reproductive disorders and oral medicine implications, highlighting their potential bidirectional interactions and 

shared underlying mechanisms. Implementing multidisciplinary approaches combining gynecological and dental care can 

enhance patient outcomes and improve women's health. Early identification, timely interventions, and preventive 

measures focused on maintaining oral health through adequate oral hygiene, professional cleanings, and regular dental 

check-ups are paramount. 

KEYWORDS: PCOS, endometriosis, assisted reproductive technology, periodontitis 

INTRODUCTION 

Over the last decades, the scientific community has focused on factors influencing women’s health. In particular, 

the World Health Organization's commitment to “leaving no one behind” is fundamental to achieving the Sustainable 

Development Goals (SDGs) 3 (“to ensure healthy lives and promote well-being for all at all ages”) and SDG 5 (“to achieve 

gender equality and empower all women and girls”) (1-3). 
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Women’s reproductive health has recently received considerable research and attention. Reproductive health 

care is crucial to women's well-being, considering the effects of reproductive physiology on the whole body system (4). 

Reproductive disorders women encounter during their lifetime, which include hormonal therapy as a solution, are 

polycystic ovarian syndrome, endometriosis, fibroids, and fertility treatments (5).  

Hormones are a class of biomolecules that can be taken or secreted into the bloodstream and whose action is 

reflected in several areas. Oral health has historically been found to be affected by hormonal effects in women. However, 

through the years, “gender dentistry” has not seen a proper place in scientific research and clinical application.  

The aim of this review, in the attempt to fulfill the WHO commitment to “leaving no one behind”, is to examine 

polycystic ovarian syndrome, endometriosis, and fertility treatments and their relationship to oral health.  

Polycystic Ovarian Syndrome (PCOS) and periodontal disease: what happens when the endocrine-metabolism is altered? 

PCOS is an endocrine disorder affecting the reproductive female system and the metabolic asset in the organism 

(6). PCOS clinical presentation can be classified into phenotypes. The presentation of PCOS can be categorized into 

separate phenotypes:  

a) when hyperandrogenism (HA), ovulatory disorder (OD), and polycystic ovarian morphology (PCOM)

exist;

b) when HA and OD occur;

c) HA and PCOM co-exist;

d) OD + PCOM occur (7).

Due to the alteration of the metabolic and, therefore, endocrine assets, patients affected by PCOS can present 

symptoms affecting the reproductive system, such as menstrual dysfunction, endometrial dysplasia, and infertility, as well 

as insulin resistance, diabetes, cardiovascular disease, and obesity (8). In addition, the endocrine and metabolic disorder 

induces low-grade systemic inflammation by raising pro-inflammatory cytokines. 

These alterations are reflected in saliva and oral microbial composition. Indeed, it has been found that oral 

microbiota is altered in PCOS patients in response to estradiol levels and cases of insulin resistance and obesity, showing 

how metabolic disease alters microbial metabolomics (6-8). Clinically, this is reflected in a higher susceptibility of PCOS 

patients to periodontal diseases. Indeed, the alteration of the endocrine and metabolism of the host is reflected in an 

alteration of the microbial biofilm (8). In addition, the HA, low estradiol level, and insulin resistance alter both bone 

metabolism and its resistance to injuries and the susceptibility of gingival epithelial cells to infections (8). The increased 

level of pro-inflammatory cytokines is reflected in periodontal disease inflammation, which can lead to a worsening of 

the disease (8).  

Endometriosis: a systemic disease with relevant aspects in oral medicine 

Endometriosis is an inflammatory disease characterized by endometrial-like tissue outside the uterus (9). Being 

an endometrial-like tissue, it is estrogen-dependent.  

Endometriosis aetio-pathology remains unclear. In 2020, García-Peñarrubia et al. proposed a new model of 

endometriosis development that includes and correlates prenatal exposure to endocrine disruptors, the anogenital distance, 

and the dysbiosis in the genital tracts (10). This theory is compatible with those previously proposed and placed at the 

center of endocrine and microbial alteration (10).  

 Endometriosis lesions may be located in the pelvis, related organs, and distant organs such as the lungs (11). 

The pelvic pain symptoms and the menstrual stigma still led to a late diagnosis in women and many undiagnosed cases. 

Due to the endometriosis nature, and the variety of symptoms, which include bloating or nausea, chronic fatigue, and 

psychological disorders, it should be considered a systemic disease. If we look at oral medicine, endometriosis has been 

linked to periodontitis, Temporomandibular Joint Disease (TMD), and occasionally endometrial lesions in the jawbone.  

In the case of PCOS, the keyword is inflammation in the linkage between endometriosis and periodontal diseases. 

Endometrial lesions increase the level of oxidative stress and produce chronic inflammation. The pro-inflammatory 

cytokine in saliva serum can influence the microbial biofilm community and the immune response to periodontal 

pathogens (12).  

Endometriosis is an estrogen-dependent pathology, and we must recall that the temporomandibular joint cartilage 

presents estrogen receptors responsible for its normal trophism (13). In 2023, Wójcik et al. achieved a preliminary 

correlation between pelvic pain symptoms in endometriosis patients and TMJ pain (14). The TMJ pain in these patients 

must be considered with attention. Indeed, in 2022, Brotskyi et al. reported a patient who complained of pain in the 

temporomandibular area. The clinical and diagnostic investigations revealed the presence of an endometrial lesion in the 

temporal bone endometriosis with a consequent TMJ dysfunction (15). Similarly, in 2021, Gala et al. reported an 

extrapelvic endometriosis lesion in the mandible, initially diagnosed as facial fibroma (16).  
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Fertility treatment effects on the mineral bone density 

The prescription and administration of hormonal therapy in women is becoming frequent to face the systematic 

effects of menopause and infertility treatments (17). Indeed, fertility in women progressively declines with age until 

women are no longer able to produce oocytes capable of fertilization well before menopause (17). Menopause is a period 

strongly associated with bone resorption markers in older women. This phenomenon is probably due to estrogen hormone 

deficiency and higher follicle-stimulating hormone (FSH) levels in the blood circulation, which increase the risk of 

osteoporosis up to three times (18). During the menopausal period, an increase in FSH levels and a decrease in estradiol 

levels will occur, so estradiol does not bind to its receptor in osteoblasts to directly modulate osteoblastic activity and 

indirectly regulate osteoclast formation (19). As a result, when the estrogen levels decrease, nothing can inhibit the bone 

resorption process (20). Decreased estrogen will decrease cortical bone matrix production, increase trabecular bone 

formation, and stimulate bone resorption (20). 

Hormonal stimulation is an essential part of modern assisted reproductive technology (ART) (21). Gonadotropin 

therapy is pivotal in ovarian stimulation. As well acknowledged, whereas FSH is the primary regulator of antral follicular 

growth, LH enhances steroidogenesis and the development of the leading follicle (21). According to the two-cell two-

gonadotropin theory, LH induces androgen production in theca cells, while FSH acts on the proliferation of granulosa 

cells (GCs) and E2 synthesis (22). In this context, the main goal of gonadotropin stimulation is to restore adequate E2 

levels. Balanced estradiol levels may determine an improvement in the number and yield of mature oocytes, providing a 

more physiological pregnancy outcome (23). 

There are different applications of gonadotrophic hormones in assisted reproductive technology, and 

technological advances have led to the production of recombinant forms of human FSH (r-hFSH) and LH (r-hLH) as 

possible alternatives to the current protocol of therapy (24). Data demonstrated that this gonadotropin stimulation may 

affect reproductive and bone tissues differently. On the one hand, r-hFSH, used to support ovarian follicle growth in ART, 

accelerates endometrium maturation, while r-hLH forms improve the follicular environment and insulin sensitivity (25). 

On the other hand, the use of gonadotropins in ART practice can affect bone health, including the one of the jawbone. As 

reported by Zhu et al., FSH increases the alveolar bone resorption, activating the cyclooxygenase-2 pathway (26). In 

addition, FSH up-regulates genes typical of osteoclasts (RANK, MMP-9, and Trap), promoting osteoclast production and 

alveolar bone resorption.  Quantifying the expression of these factors in healthy controls and in patients undergoing ART 

could provide a more complete view of the effects these treatments can have on patients' oral health years later. 

Despite the fact that the hormonal effect of ART has not yet been clinically studied on the alveolar bone changes, 

few studies evaluate the effect of these hormones on the periodontal state of women who have undergone ART (27, 28). 

In both studies, gingival and periodontal health worsened after the IVF treatment.  

CONCLUSIONS 

In conclusion, the interplay between female reproductive disorders and periodontal disease is a complex 

phenomenon. Understanding the bidirectional relationship between these conditions is vital for healthcare professionals, 

enabling them to provide comprehensive care that addresses both oral and reproductive health concerns in women. Further 

research is warranted to elucidate the underlying mechanisms and develop targeted interventions to optimize the health 

outcomes of affected individuals. 
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ABSTRACT 

Although dermal filler injections are extensively used worldwide, no consensus within the scientific literature 

determines precise guidelines for reducing the risk of vascular occlusion. This narrative review aims to distinguish 

whether the risk-reduction maneuvers proposed by the various authors are derived from anecdotal knowledge or based 

on scientific evidence. To pursue the objectives of the present study, a PubMed search was used using the search string 

("aspiration" OR "needle movement" OR "needle motion") AND "filler." Articles were selected based on inclusion 

criteria. Twenty-five studies were chosen from 58 studies published between 1980 and 2023. Four opinion categories 

were compiled: 12 studies against retro-aspiration, 1 study in favor of retro-aspiration, 4 articles partially in favor of retro-

aspiration, and 8 articles determined that further research is needed. The review shows no clear guidelines on vascular 

occlusion prevention techniques. This is due to inadequate study designs that reflect clinical reality. Therefore, further 

research is needed, focusing on realistic study designs applicable to everyday clinical practice.  

KEYWORDS: dermal fillers, injections, aspiration, needle motion 

INTRODUCTION  

Dermal filler injections have become very popular nonsurgical facial rejuvenation procedures thanks to the 

excellent results they consent to achieve, the short recovery times, and their relatively low complication rate. In the past 

few years, the number of performed procedures has increased significantly, but unfortunately, the number of potential 

and reported adverse complications has also increased proportionally. These adverse events are, in most cases, mild and 

self-limiting (bruising, swelling, erythema), but more moderate adverse events can occur (hypercorrection, filler visibility. 
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Due to too superficial injection, Tyndall effect, and granulomas), leading even to rare but extremely dangerous 

complications like vascular occlusion, whose most common sequelae is skin necrosis, while the most devastating one is 

injection-related visual impairment, which can even lead to blindness (1). This has led to practitioners' need to develop 

predictable techniques to prevent vascular complications.  Before any injection into the body, practitioners have usually 

been taught to follow two main rules: 

• remove the air from the syringe by priming and filling the needle with the solution that is about to be injected;

• perform the “retro aspiration test” by withdrawing the plunger before the injection to ensure the needle is not

inside a vessel. The retro aspiration test consists of withdrawing the plunger for a few seconds and checking if

blood flows back into the syringe (positive result) or not (negative result).

These principles can be considered valid when the injected solution is fluid, so it can easily pass back through

the needle and allow blood to enter the syringe (2). But what about if the materials injected have a higher viscosity and a 

gel-like consistency? Due to their rheological characteristics, fillers may impede blood flow back into the syringe, giving 

a false sense of security with potentially devastating consequences. 

The HA fillers differ in degree of crosslinking, the type of crosslinker used, hardness, viscosity, gel consistency, 

total HA concentration, and so forth (3). 

In the past few years, some practitioners and researchers have raised many doubts and critical issues about the 

reliability of aspiration and have begun to investigate and develop different alternative techniques (4). Many of them have 

hypothesized that constant needle motion could be a safer maneuver compared to the static bolus injection (5-8) with 

previous retro aspiration.  

The purpose of this research is to understand whether the scientific community accords reliability to the most 

common techniques that are routinely used and taught. The methods considered are the needle motion after insertion in 

the injecting site and retro aspiration before filler injection (R.A.). 

MATERIALS AND METHODS 

To conduct this literature review, the PubMed database was searched using the string ("aspiration" OR "needle 

movement" OR "needle motion") AND "filler". The titles and abstracts of each paper obtained from the results were 

listed, and full-text manuscripts were retrieved using online resources.  

The papers were reviewed, and any study that did not relate to safety measures during tissue filling procedures 

was excluded. The selection did not take into account the differences between the studies' designs or the methodologies 

used to determine the accuracy of the scientific opinion on which risk-reducing maneuver is best suited to the tissue-

filling procedure. 

RESULTS 

The PubMed search yielded 58 results published between 1980 and September 2023. This selection left 25 

included papers, which were summarized and categorized by type. The 25 selected studies included 6 in vitro studies, 2 

in vivo studies, 3 in vitro and in vivo studies, 5 literature reviews, 1 descriptive analysis, 1 systematic review and meta-

analysis, 1 theoretical investigation, and 6 commentaries or editorials. All of the papers were published between the year 

2015 and September 2023. The selected papers are shown in Table I (2, 3, 9-32). 

After reviewing the selected papers, 4 different categories of opinions were redacted, and every paper was labeled 

as belonging to one unique opinion category, as follows: 

• 12 papers were AGAINST R.A.

• 1 paper was IN FAVOUR of R.A.

• 4 papers were PARTIALLY IN FAVOUR of R.A. (they added specific conditions to their statement)

• 8 papers stated that FURTHER RESEARCH IS NEEDED.
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Table I. Summary of selected papers. 

DISCUSSION 

This literature review found few approaches to the topic, and most of them are not supported by precise protocols 

for evaluating the effectiveness of safety techniques in the context of tissue fillers.  

The examined in vitro studies focused on reproducing operative conditions using fresh frozen cadaveric 

preparations or animal models, proposing imaging techniques such as Doppler ultrasonography or ultrasonography in 

injection assistance, and proposing needle lumen flushing maneuvers with sterile saline before each filler injection.  

The examined in vivo studies focused on: analysing the statistical occurrence of false negatives when using a 

retro-aspiration prior to filler injection; analyzing the time offset between the retro-aspiration and the flashback of blood 

into the syringe; using ultrasonography as an imaging technique in injection assistance; and using needle lumen flushing 

maneuvers with sterile saline before injections. 

The only examined theoretical investigation proposed a mathematical model to describe the risk of injecting into 

a blood vessel when doing continuous needle movement, compared to retro-aspiration before injection (28). 

The only examined systematic review and metanalysis concluded that the efficacy of pre-injection aspiration as 

a risk-preventing technique could be improved, but only after a deep understanding of the relationship between factors 

such as the chosen needle gauge, the density and viscoelastic properties of the different fillers.  In this review, several 

parameters that affect the reliability of the aspiration test came out: diameter of the needle and rheological properties of 

fillers, priming of the needle, speed of plunger pullback, stability of the needle, and planes injected. The needle's inner 

diameter is one of the main parameters determining the resistance of the filler to the backflow:  needles require different 

strengths and times to aspirate a determined liquid with a specific density, and the smaller the gauge, the higher the 

strength needed (9). 

AUTHOR YEAR JOURNAL TYPE SUMMARY 

Carey & Weinkle 2015 Dermatologic Surgery In vitro/in vivo Against RA 

Casabona 2015 Dermatologic Surgery In vitro/in vivo Partially in favor of RA  

Van Longhem et 

al. 
2018 Journal of Cosmetic Dermatology In vitro 

Further research is 

needed 

Torbeck et al. 2019 Dermatologic Surgery In vitro 
Further research is 

needed 

Albornoz et al. 2020 Journal of Cosmetic Dermatology Literature review 
Further research is 

needed 

Kogan et al. 2020 Journal of Cosmetic Dermatology In vitro Partially in favor of RA 

Wang et al. 2020 Journal of Cutaneous Medicine and Surgery In vivo 
Further research is 

needed 

Goodman et al. 2021 Aesthetic Surgery Journal Commentary Against RA 

Jewell 2021 Aesthetic Surgery Journal Commentary Against RA 

Kapoor et al. 2021 Dermatologic Therapy 
Systematic Review and Meta-

Analysis 

Further research is 

needed 

Lee et al. 2021 Aesthetic Surgery Journal Commentary Against RA 

Moon et al. 2021 Aesthetic Surgery Journal In vitro/in vivo 
Further research is 

needed 

Rivkin 2021 Journal of Cosmetic Dermatology Literature Review Against RA 

Tseng et al. 2021 Aesthetic Surgery Journal Descriptive Analysis 
Further research is 

needed 

DeLorenzi 2022 Aesthetic Surgery Journal Commentary Against RA 

Goodman et al. 2022 Aesthetic Surgery Journal Literature Review Against RA 

Jewell 2022 Aesthetic Surgery Journal Commentary Against RA 

Lin et al. 2022 Aesthetic Surgery Journal In vitro Against RA 

Rocha et al. 2022 Journal of Cosmetic Dermatology In vivo Against RA  

Sezgin 2022 Aesthetic Surgery Journal Commentary Against RA 

Wang e Huang 2022 Aesthetic Surgery Journal Literature Review Against RA 

Gonchar 2023 Journal of Cosmetic Dermatology Theoretical investigation Partially in favor of RA 

Peng et al. 2023 Journal of Cosmetic Dermatology In vitro In favor of RA 

Zhang et al. 2023 
Journal of Plastic, Reconstructive & Aesthetic 

Surgery 
In vitro Partially in favor of RA 

James 2023 
International Journal of Nursing and Health Care 

Research 
Literature Review 

Further research is 

needed 
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Using a small gauge needle with a high-viscosity filler may impede the flow back of the filler and, consequently, 

the entry of the eventual blood inside the syringe, invalidating the procedure (1, 2, 16, 29).  

An in vitro study from Kogan et al. 2020 showed that aspiration with 29G needles gave all false negatives; using 

27G needles gave better results, but the minimum aspiration time was 3.5 sec. 

During the aspiration procedure, the needle lumen must first be emptied to allow blood to flow into the syringe. 

This is straightforward when the needle is filled with air or water. In contrast, emptying the needle is complex, often 

incomplete, and can distort the test result when the needle is filled with filler. 

One way around this problem might be to change the needle each time after a bolus injection, or to change the 

needle each time after a bolus injection, but with a potential risk of air embolism (since an empty needle contains air), 

and with definite issues of practicability in daily clinical practice. 

An in vitro study (3) suggested the priming of the needle as a solution to this problem: the saline solution was 

used as a priming material because of its low viscosity, and, according to this study, 100% of the aspirations performed 

with this test were reliable.  

Another in vitro study (29) from Peng et al. used lidocaine as a priming material, suggesting that it could be a 

better material than saline solution, as it improves the patient’s comfort during the procedure. 

Speed of plunger pullback 

Most studies investigating the retro aspiration technique, regardless of the conclusions for or against suction, 

agree that it is necessary to make a slow movement in the pullback of the plunger to increase its reliability. A quick 

movement (usually done by practitioners) is associated with more false negative results. In addition, it raises the risk of 

sucking up the vessel and collapsing it, giving a false negative result and a potential intravascular filler placement.  

An in vitro study by Peng et al. observed that holding the plunger for at least 10 seconds, even if the needle had 

been misinserted into the vessel, could detect 88% of these misses. They also observed that the waiting time could be 

shortened as the residual amount of filler in the syringe decreased. Blood appeared instantaneously in the retro aspiration 

tests performed with 0.1ml filler remaining in the syringe. A human study on the peripheral vein found that the mean time 

it took blood to appear in the syringe was 3.1 sec (13). 

A retrospective case series of 213 positive blood aspiration procedures revealed that almost all positive 

aspirations were evident within 2 seconds, and the most frequent site was the pyriform fossa (20). The most frequent 

plane where aspiration was positive was the supra-periosteal plane, and this result is intuitive because this area is also the 

most frequent plane where aspiration is performed and considered valid since it is almost impossible to firmly maintain 

the position of the needle while doing aspiration in soft tissue compartments. However, this study is biased because only 

positive aspirations were considered, so it is impossible to evaluate the incidence of false negatives. 

As needle immobility is a prerequisite for successful aspiration testing, an ultrasound study in 2022 (24) 

investigated the presence of micromovements during aspiration, performed by different physicians with different 

experiences: in all cases, there was retrograde motion along the axis of needle insertion during plunger retraction and 

anterograde motion during injection. The aspiration test is therefore most effective when the needle is pointed against the 

periosteum, thus ensuring stability of position. Any slight movement during aspiration could potentially invalidate the 

test. 

Among the studies in favor of pre-injection aspiration, Peng et al. state that “Aspiration should be considered as 

a regular procedure before giving an injection”, and they suggest doing aspiration “as a must no matter which equipment 

is used” since aspiration is a simple action that gives a “huge benefit to patients and operators”. In addition, priming 

syringes with lidocaine is suggested to raise aspiration reliability, and tiny needles (29-30G) should be avoided because 

they slow down the blood flow during aspiration (29). 

A different outcome came from the paper by Casabona et al., whose conclusion stated that “the aspiration test 

for filler application was reliable with 53% syringes and needles tested”. Moreover, this paper states that the size and 

collapsibility of the vessels in the anatomical region of the face negatively influence the reliability of the retrograde 

aspiration technique as a safety maneuver.  

The other safety maneuver considered among the selected papers is the continual movement of the needle or 

cannula during injection. The reasoning behind the adoption of this technique is that in case of unfortunate intravasal 

injection, it helps in reducing the chances of complete occlusion of a vessel since the filler injected is more diffused, 

resulting in lower pressure on the tissues rather than a single, massive static bolus.  

The role of pressure in filler delivery is crucial. If the injecting pressure overcomes the patient's systolic pressure, 

there is a higher risk of causing an embolic bolus if the needle is positioned into a vessel. Since a still and massive bolus 

can easily reach and overcome the threshold of the patient's systolic pressure, continual needle movement during injection 

may avoid this risk. However, the theoretical model proposed by Gonchar et al. raises the issue that continual movement 
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could enhance the possibility of hitting a vessel. Although this finding is reasonable, the model described is far from 

clinical reality. 

Some authors firmly take sides against aspiration and say that it should not be relied upon (14). Different authors 

in commentaries or editorial articles described the procedure of pre-injection aspiration as “unreliable” or “useless”, as it 

could give “a false sense of security” (19), as it “precludes other important safety measures – those of movement and 

avoidance of static bolus production”.  

None of the examined papers concluded that the retro-aspiration is a recommended maneuver. Still, they all state 

that further research is needed to assess this technique's validity as a safety-increasing filler administration practice. Some 

of them suggest implementing this technique with improvements such as saline flashing and ultrasound, which may 

improve the sensitivity and reliability of aspiration tests. However, conclusive evidence is still lacking (3, 32). A 

Consensus published in 2020 states that there is no evidence in the literature that aspiration reduces the incidence of 

blindness or necrosis (4).  

The study's limitations are represented by the fact that the only source taken into account was the search engine 

PubMed. Furthermore, the articles that emerged from the search have very heterogeneous study designs, so there is no 

comparable data to draw up statistics. 

CONCLUSIONS 

In conclusion, many factors can influence the reliability of pre-injection aspiration: anatomical area being treated, 

needle diameter and length, cohesiveness of the product, time of aspiration, and speed of retraction technique. Using 

air/fluid primed needles with a big diameter (>27G) with a slow pullback of the plunger is associated with fewer false 

negative tests (2, 10, 18, 20). 
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ABSTRACT 

The periodontium is a complex structure that plays a crucial role in oral health. It has been studied extensively, 

and its understanding is essential for preventing and treating periodontal diseases. Periodontal disease is a pervasive 

inflammatory disorder that negatively impacts the supporting structures of the dentition, culminating in progressive 

attachment loss and alveolar bone resorption. A prevalent clinical manifestation of periodontal disease is gingival 

recession. Various factors, including chronic inflammatory periodontal disease, occlusal trauma, aggressive tooth 

brushing, and periodontal treatment, can cause it. Multiple gingival recessions can be treated through various surgical 

techniques. The choice of surgical technique to adopt depends on the anatomical characteristics, the surgical objectives, 

the predictability data of root coverage present in the literature, and finally, the aesthetic requests of the patient. The 

tunnel technique (TUN) is used when there is not enough apical keratinized tissue to cover the root, and at the same time, 

there are well-represented papillae that allow tunneling. TUN is a minimally invasive method that doesn’t require vertical 

releasing incisions and preserves the interdental papillae. A connective graft collected from the palate is inserted in a 

tunnel of the papilla to cover the roots of the teeth. The following work presents a case report. Furthermore, literature is 

discussed.  

KEYWORDS: gingival recession, coronally advanced flap, tunnel technique, connective tissue graft 

INTRODUCTION  

Gingival recession is characterized by the downward movement of the gingival line beyond the cement-enamel 

junction, leading to the root surface being exposed to the oral environment (1, 2). This condition can be triggered by 

chronic inflammatory periodontal disease, occlusal trauma, chronic trauma, particularly aggressive tooth brushing, and 

periodontal treatment. Factors such as tooth anatomy and position, reduced alveolar bone crest thickness, bone dehiscence, 

soft tissue thickness, frenulum traction, or orthodontic treatment can contribute to its development (3-6). 

Recently, Cairo et al. proposed a new classification based on the interproximal clinical attachment loss: while 

Recession Type 1 (class RT1) includes gingival recession with no loss of interproximal attachment, Recession Type 2 

(class RT2) is associated with interproximal attachment loss less than or equal to the buccal bone site and Recession Type 

3 (class RT3) shows higher interproximal attachment loss than the buccal site (4).  

Two surgical techniques are commonly used to achieve complete root coverage: the coronal advanced flap and 

the tunnel technique (7, 8). The coronally advanced flap is a conventional surgical method to achieve total root coverage 

for single, multiple, continuous, or neighboring gingival recessions (6). This procedure makes two oblique cuts that start 

from the distal and medial aspects of the affected teeth and extend toward the alveolar mucosa. A partial thickness flap 
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dissection is performed from the oblique interdental incisions. The periosteum is incised to eliminate muscle tension in 

the apical portion of the flap. The mobilized flap should be able to reach the enamel-cement junction passively. The 

sutures are positioned to fit the flap advanced coronally precisely.  

However, an alternative treatment for gingival recessions is the latest tunnel technique, a minimally invasive 

method that doesn’t require any vertical releasing incisions and preserves the interdental papillae (8, 9). This technique 

performs partial lateral incisions in the mucosa surrounding adjacent teeth affected by periodontal recession. Papillae are 

not thoroughly dissected, so a connective graft collected from the palate can be inserted in a papilla tunnel to cover the 

teeth' roots in the vestibular site. The graft is secured with two interrupted sutures. Suspensory sutures are recommended 

to advance the mucosal flap in the coronal direction over the exposed portions of the connective tissue graft. Soft pressure 

is applied to the graft for a few minutes to improve the graft's adaptation to the root surface (9). The following work 

presents a case report using the tunnel technique. Then, the literature is discussed.  

CASE REPORT 

A 17-year-old patient came to our clinic in January 2010 for an orthodontic evaluation. She had a gingival thin 

phenotype that did not present any periodontal disease. A gingival recession was noted at elements 2.3 and 2.4, with 

sensitivity to thermal variations (Fig. 1).  

Fig. 1. Initial intraoral photos. 

The patient reported aesthetic discomfort; she would like to cover these recessions. Before surgery, complete 

oral hygiene and a radiological examination were performed (Fig. 2).  

Fig. 2. Radiological examination (dental panoramic tomograph). 

The integrity of the interproximal periodontal support is fundamental in obtaining complete root coverage. This 

specific case of the patient’s recession was classified as Miller class I. Therefore, this case's potential for root coverage 

was 100% complete. Before proceeding with the surgery, the thickness of the palatal fibro-mucosa was evaluated to 

quantify the amount of graft that would be collected (Fig. 3). 

Fig. 3. Measurement of the thickness of the palatal fibro-mucosa using an anesthesia needle and an endodontic stop. 
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A 0.8-1.0 mm graft was needed to cover recessions on natural elements. Local anesthesia with adrenaline was 

performed at the palatal and vestibular levels. Tetracycline was used to condition the root surface. This agent eliminates 

the dentinal mud that accumulates inside the dentinal tubules after root planning. The elimination of dentinal mud allows 

the exposure of the collagen fibrils within the dentinal tubules, which can thus interact with the fibrin network of the clot 

that forms between the root and soft tissues. Consequently, the adhesion of the clot to the root surface was accomplished 

(Fig. 4).  

Fig. 4. Tetracycline eliminates dentinal mud on the root surface of elements 2.3 and 2.4. 

At this point, the graft was taken from the palate with the following technique (Fig 5): 

- a linear incision of half thickness was done parallel to the molar and premolar teeth;

- a second incision was parallel to the first line (0.5 -1.0 mm);

- the graft was free with two vertical incisions and one horizontal apical.

Fig. 5. Technique used to collect connective tissue. 

The receiving bed was prepared at the vestibular level of teeth with gingival recession, and a tunnel technique was 

performed. The tunnel technique involves splitting the papilla between 2.3 and 2.4 without detaching it. Then, an incision 

was done distally to 2.4 and mesially to 2.3, and then the incision was performed apically on the two teeth, 2.3 and 2.4. 

This way, a receiving envelope was created without the papilla being detached. A periodontal probe was used to check 

that there was no adhesion inside the receiving bed. In such a way, the graft lodged passively. Subsequently, the graft was 

positioned and secured with a suture point. After a week, the sutures were removed (Fig. 6, 7).  

Fig. 6. Intraoperative photos. 

http://www.labpublishers.com/


A. Chiavieri et al.        18 

Annals of Stomatology 2024 January-April; 4(1): 15-20  www.labpublishers.com ISSN 2975-1276 

Fig. 7. Healing one week after the surgery. 

The patient was discharged and subjected to therapy with a chlorhexidine-based mouthwash and a painkiller (as 

needed). A control was performed after a month (Fig. 8).  

Fig. 8. The first picture shows the initial stage, and the second picture shows the clinical status one month after the 

surgery. 

A 13-year follow-up shows the effectiveness of the tunnel technique (Fig. 9). 

Fig. 9. Intraoral photo taken 13 years later. 

DISCUSSION 

The tunnel technique consists of creating a supra-periosteal “envelope” or “pouch” “envelope” at the gingival 

margins, allowing flap elevation and insertion of a connective tissue graft. In this procedure, minor side cuts are made in 

the mucosa around neighboring teeth suffering from a periodontal recession. Extreme caution must be exercised to not 

split the interdental papilla, allowing for a connective tissue graft harvested from the palate to be placed in a papillary 

tunnel. The graft is anchored with interrupted sutures. Suspensory sutures should be employed to shift the mucosal flap 

coronally over the exposed sections of the connective tissue graft. Light, digital pressure is exerted on the graft for a short 

duration to enhance the graft’s adaptation to the root surface and to maximize the graft surface in contact with the root 

(9). 
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For each case, several factors should be considered when selecting the surgical technique to achieve root 

coverage, for example, the arch form of the soft tissue, the position of the tooth, the depth and width of the recession, the 

thickness and quality of the apical and lateral tissue to the recession, aesthetic needs and compliance of the patient. From 

an aesthetic point of view, the coverage of the exposed root surface with soft tissues must be in harmony with the adjacent 

tissues. Therefore, a pedunculated graft is preferable because the gingiva color is a better match (9). 

The coronally advanced flap technique consists of an intrasulcular incision made at the buccal aspect of the 

treated tooth and extended 3 mm horizontally in the mesial and distal interdental gingiva. Two oblique, divergent releasing 

incisions followed, extending beyond the mucogingival junction. A trapezoidal partial-thickness flap is then raised beyond 

the mucogingival junction to allow a passive coronal displacement of the flap, completely covering the cement-enamel 

junction. A sling suture stabilizes the flap in a coronal position, and interrupted sutures are placed on the releasing 

incisions (10). 

The tunnel technique is specifically designed to address multiple and extensive gingival recessions typically 

found in jaw areas where achieving root coverage is challenging. Moreover, it aids in maintaining sufficient and steady 

blood flow to ensure optimal graft adaptation in the recipient area (11). 

Both root coverage methods can use various graft types. The connective tissue graft is the most commonly used 

and is considered the gold standard for enhancing keratinized soft tissue gums. However, its main drawback is the need 

for a donor site, which may lead to postoperative complications (12). 

In addition, many authors in the scientific community, such as Cairo et al. (13), Pini-Prato et al. (14), and 

Zucchelli et al. (15), confirm that the addition of connective tissue graft enhanced the clinical outcomes of the coronally 

advanced flap in terms of complete root coverage, providing a better long-term clinical outcome compared to coronally 

advanced flap alone. 

The literature is not unanimous in comparing the coronally advanced flap and tunnel techniques. In fact, 

Toledano-Osorio et al. (16) state that the coronally advanced flap is more effective than the tunnel technique in terms of 

root coverage percentage; on the contrary, Mayta-Tovalino et al. (17) argue that the tunnel technique had similar primary 

and secondary outcomes compared to the coronally advanced flap. 

Cairo et al. (18) confirm that both the tunnel technique and coronally advanced flap procedure with connective 

tissue graft showed the highest overall aesthetic performance for root coverage. However, graft integration might impair 

soft tissue color and appearance. Also, Gobbato et al. (19) demonstrated that both treatments with a subepithelial 

connective tissue graft had similar clinical efficacy regarding root coverage. In conclusion, our report shows that the 

tunnel technique has a long-term outcome in selected cases.  
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ABSTRACT 

In most cases, alveolar atrophy is a result of tooth loss. To rehabilitate those areas, bone volume must be 

increased before inserting implants. The alveolar bone's width must be adequate to the optimally planned implant 

diameter. Several methods can be performed for bone augmentation, such as autogenous block or Guided Bone 

Regeneration (GBR). In addition to these methods, the Split Crest Technique (SCT) is a valid option for increasing bone 

width in atrophic alveolar crests, and it has several advantages. The present work describes a clinical case using the SCT 

and reviews the literature until now. 

KEYWORDS: mandible, jaw, split, crest, alveolus, graft 

INTRODUCTION 

In long-time edentulous alveolar ridge segments, horizontal and vertical bone resorptions occur. Numerous 

studies have revealed that once a tooth is lost, the horizontal dimension of the alveolar bone significantly decreases. 

According to these studies, the alveolar ridge can reduce its width by 50%, corresponding to 5 to 7 mm (1-3). Today, 

there is general agreement that implant placement requires a minimal amount of 3 mm of surrounding bone. Simple fixture 

insertion is impossible when there is a mismatch between the alveolar bone's horizontal dimension and the implant's 

diameter. 

Oral rehabilitation in areas with insufficient bone width is complex because dental implant osseointegration is 

highly predictable only when implants are surrounded by adequate bone (4). To achieve a predictable outcome, the crest's 

optimal width should allow at least a 1.5 mm bone frame after the implant is placed (5). If the width of the alveolar bone 

is not adequate to the optimally planned implant diameter, the case requires bone volume augmentation treatments.

Several methods can be performed for bone augmentation, such as autogenous block grafts obtained from 

intraoral sites or extraoral sites (6-9) or Guided Bone Regeneration (GBR) (10). These two methods present some 

disadvantages. For example, in the case of GBR, there are increased treatment costs, delay of implant placement, and, in 

some cases, exposure of the membrane with consequential infection. In the case of bone grafting, it is necessary to have 

a second surgery site to collect bone, a 6-month delay of implant placement to allow grafting material to heal, and a higher 

risk of dehiscence.  

http://www.labpublishers.com/


G. Ferraro et al.        22 

Annals of Stomatology 2024 January-April; 4(1): 21-28  www.labpublishers.com ISSN 2975-1276 

An alternative approach to bone grafting and GBR has been developed to treat narrow alveolar ridges, called 

Split Crest Technique (SCT). It was first described by Nentwig in 1986 (11) and studied by G.B. Bruschi and A. Scipioni, 

who described the Edentulous Ridge Expansion technique (ERE) (12). This bone inlay grafting and implant placement 

technique consists of horizontal and vertical osteotomies to distance cortices (vestibular and palatal/lingual). This 

procedure allows for implant placement and introduction of biomaterials - such as bovine origin bone covered with 

collagen membrane. One of the main advantages is the reduction in the number of surgical procedures and the total 

treatment time for the patients. The closure is indeed by first intent, and this technique does not require a second surgical 

area to harvest bone grafts. Here, a clinical case is reported, and recent literature is discussed. 

CASE REPORT 

The patient was a healthy, non-smoking 64-year-old woman. Her dental history included a recent failure of a 

removable partial denture rehabilitation due to psychological and functional reasons. She complained of chewing 

difficulty because of a partial mandibular edentulism (missing teeth: 4.5, 4.6, 4.7) (Fig. 1). 

The patient asked for functional rehabilitation and agreed to undergo bone regenerative therapy and the 

placement of a fixed prosthesis using endosteal fixtures.  

Fig. 1. Pre-op intraoral photography. 

The patient was rehabilitated with a bridge at the time of the visit. During clinical examination, a ridge defect 

with a reduction in the thickness of bone, which appeared to be thin, was diagnosed.  

The Cone Beam Computed Tomography (CBCT) scan showed the horizontal defect (Fig. 2): in site 4.5, the 

thickness of the crest was 1-2 mm; in site 4.6, the same parameter was 1-2 mm, and in site 4.7 it was 2 mm.  

Fig. 2. CT scan shows the horizontal defect. 
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The panoramic X-ray showed the edentulous sites and a deep alveolar pocket on element 4.8. (Fig. 3). 

Fig. 3. Panoramic X-ray. 

Severe horizontal bone defects in this location can be treated using techniques such as GBR or autogenous block 

grafts. For this patient, the best option seemed to be the SCT, which used ultrasonic devices and immediate implant 

placement. 

The patient was treated with local anesthetics with adrenaline. A full-thickness mid-crest flap was incised with a vertical 

distal and mesial releasing incision to mobilize the flap (Fig. 4). 

Fig. 4. Mid-crest flap. 

The crestal osteotomy was executed using an ultrasonic device to a depth of 10 mm (Fig. 5). The CBCT showed 

that the mandibular canal was located at 13 mm. Two vertical osteotomies were also executed distally and mesially (Fig. 

6). An apical osteotomy was also executed to avoid the fracture of the bone block during its mobilization (Fig. 7). 

Fig. 5. Horizontal osteotomy.  Fig. 6. Vertical osteotomy.   Fig. 7. Apical osteotomy. 

Once the bone block was moved horizontally, the implant site was prepared to guarantee primary stability to the 

implants in their apical portions. In this case, the three implants placed were Replace Tapered (Nobel Biocare ®) conical 

implants (4,3 × 13 mm) with a Ti Unite surface. These implants were positioned in sites 4.6, 4.7, and 4.8 (previously 

extracted) (Fig. 8, 9). 

The primary stability of the implants was excellent at 20 N. Filling materials between the lingual and vestibular 

pieces was unnecessary because the bone morphology created was a four-wall type: the clot was sufficient for bone 

regeneration. 
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 Fig. 8. Implant placement     Fig. 9. Result after implant placement 

To obtain a passive closure with no tension, horizontal incisions of the periosteum were executed. Before this 

surgical procedure, it was essential to isolate the mental nerve.  

The flap was sutured using the Glottlow technique (Fig. 10). 

Fig. 10. Glottlow technique. 

A control X-ray was executed (Fig. 11), and the patient was dismissed. 

Fig. 11. Control X-ray. 

The post-operative therapy was done with antibiotics (amoxicillin and clavulanic acid), chlorhexidine 

mouthwash, and painkillers. Three months later, healing caps were inserted (Fig. 12-14). 
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Fig. 12. Elevation of the flap.                   Fig. 13. Regenerated alveolar.           Fig. 14. Closure with healing caps. 

A metal-ceramic prosthesis with an extension on element 4.5 was delivered (Fig.15). Since a lack of keratinized 

tissue was observed (Fig. 16), tissue grafting surgery was planned. 

Fig.15. Metal-ceramic prosthesis.  Fig. 16. Lack of keratinized tissue. 

Indeed, soft tissue grafting procedures result in more favorable peri-implant health: (i) for the gain of keratinized 

mucosa using autogenous grafts with a more significant improvement of bleeding indices and higher marginal bone levels; 

(ii) for the gain of mucosal thickness using autogenous grafts with significantly less marginal bone loss (13). First, the

receiving site was prepared (Fig. 17). The connective graft (Fig. 18) was harvested from the palate (Fig. 19).

Fig. 17. Receiving site.    Fig. 18. Connective graft.  Fig. 19. Palate. 
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After placing the connective graft on the receiving site, a suture was performed (Fig. 20). The results one month 

later are reported in Fig. 21. 

Fig. 20. Suture.   Fig. 21. Results after one month. 

A 16-year follow-up demonstrated good results over time (Fig. 22, Fig. 23). 

Fig. 22. Intra-oral follow-up.  Fig. 23. X-Ray follow-up. 

DISCUSSION 

Many techniques have been developed in implantology to rehabilitate areas where bone width is insufficient due 

to bone atrophy. Among these, autogenous grafts are still considered the gold standard. Still, many studies have shown 

that SCT has numerous advantages, such as lower operating times, no need for a second surgical site, lower overall costs, 

no need for a second surgical time to insert implants, and lower patient complication risks. 

The SCT proved viable and predictable, enabling a significant increase in ridge thickness and a high percentage 

of implant survival (14). It is recommended to treat width augmentation in areas of bone atrophy where the remnant 

thickness is around 3.0 mm (in such cases, the bone is easier to expand, and there is a lower fracture risk since it is more 

pliable). 

Studies have also shown that this technique is especially useful for distal segments of the mandible (15). 

However, the mandible is the most affected area when it comes to unintended fracture of the vestibular segment (16). 

This can be attributed to the fact that the mandibular cortex is thicker and more brittle, so it is harder to split, resulting in 

a higher risk of fracture. The bone lacks elasticity when bone quality is reduced because the medullary layer is very thin. 

This can lead to fractures responsible for the loss of primary stability of implants (17). To prevent fracture, a longitudinal 

basal notch can be created on the surface of the vestibular bone. Even if a fracture occurred in the SCT, sufficient volume 

of the alveolar bone could be obtained without any rigid fixation of a free bone segment, and the dental implants placed 

within the fracture area showed a good prognosis (16). In addition, studies have shown that SCT with inlay bone block 

grafts promotes both the augmentation of hard tissues and the augmentation of soft tissues.  

A low keratinized mucosa exposes a high risk of gingival recession and crestal bone loss. On the other hand, a 

correct amount of keratinized mucosa guarantees the maintenance of long-term stability, the aesthetic results of the 

implant, and an optimal blood supply. The correct blood supply is essential for wound healing without infections, and 

proper wound healing means keratinized mucosa gain (18). 

According to the literature, the survival rate of implants installed in sites where the SCT was conducted varies 

from 93% to 100% (12).  

SCT can be performed with many different instruments. One of the most advantageous is piezoelectric surgery. 

Its benefits are reduced bone consumption (≤ 0.5 mm) and selective cuts (i.e. bone can be cut, whereas soft tissues, 
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including blood vessels, nerves, and mucosal tissues, remain unharmed) (19). In addition, the cavitation effect of 

piezoelectric devices increases visibility, and the vibrating tip can penetrate up to 12 mm of bone without risk of bone 

overheating (when gentle coming and going movements are performed) (20). A case report published in 2008 

demonstrated that piezoelectric surgery used to perform SCT allowed a 4.8 mm ridge augmentation and contextual 

insertion of 3 implants with a safe and comfortable procedure (17). In 2005, an article that analyzed 230 clinical sites was 

published, demonstrating that the SCT with ultrasonic devices was highly predictable as 99.1% of the planned implants 

were successfully placed (20). In 2016, a systematic review (21) demonstrated that SCT effectively increases bone 

thickness; the average bone gain is 3.8 mm, independent of the surgical instruments used to cut bone.  

The results of this case report agree with the literature, as the SCT performed using an ultrasonic device was successful, 

and the follow-up 16 years after the implants were placed shows that they are still stable.  
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ABSTRACT 

Endodontic disease occurs when the dental pulp becomes infected and inflamed. During the progression, 

inflammation in the periapical area and periodontal ligament leads to tooth loss. In all cases of tooth loss, alveolar bone 

volume is lost. Various surgical treatments use bone graft material to recover the ridge bone volume. Graft material can 

be obtained from the patient's body (autologous graft), animals (xenograft), human cadavers (allograft), and synthetic 

materials (alloplastic bone graft). Xenograft material is derived from equine, porcine, or bovine and is deproteinized and 

further processed. Here, we report a case of a post-extractive implant insertion with a xenograft and palatal connective 

graft to rehabilitate the posterior alveolar crest of the mandible. Moreover, the literature is discussed.  

KEYWORDS: connective, tissue, graft, mandible, lower jaw, implant 

INTRODUCTION  

Osteoclasts and osteoblasts are the main components responsible for the highly dynamic equilibrium between 

bone resorption and formation. The association between the tooth and periodontium also increases the complexity of 

alveolar bone remodeling. Pathogen invasion from the oral environment or hematogenous spread, mechanical stress from 

orthodontic treatments, medication, and systemic pathological factors can induce inflammation, which dictates the 

activities of osteoclasts and osteoblasts in alveolar bone, shifting the balance of bone homeostasis to increase bone 

resorption and decrease bone formation (1). Endodontic disease occurs when the dental pulp becomes infected and 

inflamed. During the progression, inflammation in the periapical area and periodontal ligament leads to tooth loss.  

The volumetric reduction of the maxillary and mandibular bone, caused by tooth loss, imposes limitations on 

dental implants, constituting a key challenge in implantology. Guided Bone Regeneration (GBR) is a suitable therapeutic 

option to address this issue (2). Bone volume loss, ranging from 29% to 63% horizontally and 11% to 22% vertically six 

months after tooth loss, has led to the development of various techniques and biomaterials to correct these discrepancies. 

Different approaches have been suggested for horizontal gain, including autologous and allogeneic block bone 

grafts, particulate autologous, xenogeneic, and alloplastic grafts, alveolar ridge expansion, and GBR. For vertical loss, 

alternatives such as short implants (less than 7 mm), lateralization of the inferior alveolar nerve, autologous bone grafting, 

distraction osteogenesis, growth factors usage, tissue engineering, and GBR have been described (3). 
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Among these techniques, GBR stands out for its ability to reduce morbidity, unpredictability, and surgical 

complications. Autologous block bone grafts, while osteogenic, often require a second surgical site, increasing morbidity. 

Homogeneous, heterogeneous, and synthetic grafts exhibit osteoconductive properties, but when combined with 

autologous bone or growth factors, they promote the adherence and proliferation of osteoprogenitor cells. Therefore, 

limitations associated with autologous block bone grafts, such as surface resorption, limited bone availability, and 

morbidity, have led to adopting GBR, which overcomes these obstacles.  

GBR, based on barrier membrane use, is a technique that promotes predictable and stable alveolar bone gain. 

The fundamental principle involves isolating the surgical site with a mechanical barrier, allowing the proliferation of 

osteogenic cells and bone formation. A successful procedure is based on four basic principles that must be ensured during 

surgery and throughout the healing process, according to Wang and Boyapati (4): primary closure, angiogenesis, space 

maintenance, and wound stability, known as the PASS principle (Primary Closure, Angiogenesis, Space 

Creation/Maintenance, Stability). 

The bone gain associated with GBR protocols that combine bone grafts, Platelet-Rich Fibrin (PRF), and 

membranes for vertical and horizontal bone augmentation are particularly interesting. Recently, the association of PRF 

with regenerative procedures has been proposed, showing an increase in the concentration of growth factors and other 

molecules involved in tissue regeneration (5, 6). The results of recent studies have indicated that the use of PRF improves 

graft manipulation and stability, promotes soft tissue healing, and reduces complications such as membrane exposure (3). 

Soft tissue grafting procedures are increasingly performed for various indications in conjunction with dental 

implant therapy, considering that the primary goal of implant therapy is to ensure long-term peri-implant health based on 

stable dimensions of peri-implant soft tissues, low bleeding indices, and stable levels of marginal bone (7). 

The main clinical indications for soft tissue grafting include coverage of recessions, a gain of keratinized tissue 

(KT), and an increase in soft tissue volume. These periodontal surgical interventions are recommended to achieve 

favorable biological, functional, and aesthetic outcomes in the short and long term (7). 

Plastic periodontal procedures to increase KT and augment soft tissue volume are well-documented (8). These 

interventions are indicated to establish biological and functional stability around teeth and implants, especially in 

conjunction with reconstructive therapies. The question of whether KT is necessary to maintain periodontal health around 

teeth and peri-implant health in dental implants has been a subject of controversy in the literature, citing various 

parameters to consider:  stabilization and maintenance of biological health, prevention of recession, aesthetic aspects, and 

ease of cleaning the reconstruction (9). 

For dental implants, previous reviews suggest that the lack of keratinized mucosa (KM) may not be crucial for 

maintaining the health of peri-implant soft tissues, may not be correlated with increased bone loss, or that, despite the 

presence of KM, peri-implantitis may occur (8). On the contrary, more recent clinical studies have concluded that a 

broader zone of KM may better preserve the stability of soft and hard tissues, may be more favorable for the long-term 

maintenance of dental implants, and that the lack of KM may lead to poorer oral hygiene (10), a higher risk of peri-

implant alveolar bone loss, as well as clinical attachment loss and increased soft tissue recession (10).   

Previous studies have highlighted that implant sites without an adequate band of KM exhibit increased 

susceptibility to inflammation and adverse peri-implant soft and hard tissue reactions (10). Furthermore, there is evidence 

that the width of peri-implant KM influences the immune response against external irritations (plaque accumulation) (10). 

This has led to a clinical recommendation of a 2 mm KM width, similar to the recommended keratinized gingiva zone as 

adequate around teeth (8). Therefore, surgical interventions to increase soft tissue volume are recommended, especially 

in aesthetically critical areas, to compensate for volume loss after tooth extraction and during implant therapy with 

immediate or delayed placement (7).  

There are various effective methods and materials to increase KM at implant sites, yielding superior aesthetic 

results in peri-implant tissue color, maintenance or improvement of mucosal margin height, and preservation of papillae 

(8). This intervention can be performed before implant placement, simultaneously with the second surgical phase, or after 

the insertion of the final reconstruction (8). In general, there are two main methods to increase peri-implant soft tissue: 1. 

enlargement of KM width using an apically positioned flap/vestibuloplasty (in combination with a free gingival graft 

(FGG) or an allogeneic or xenogeneic graft material); 2. increase in soft tissue volume using a subepithelial connective 

tissue graft (SCTG) or soft tissue replacement grafts (10).  

Four different time points can be distinguished to increase KM width or mucosal thickness around dental 

implants: (a) before implant placement, (b) during implant placement, (c) during the second surgical phase (re-entry), or 

(d) after the implant is osseointegrated, uncovered, and eventually already loaded (10). The first three protocols seem to

lead to more predictable clinical outcomes, while the fourth may be challenged by aesthetic problems or complications

such as mucositis or peri-implantitis (10).
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Here we present a case of tooth extraction, implant insertion, xenograft placement, and palatal connective tissue 

graft is described, and the literature is discussed. 

CASE REPORT 

A 51-year-old woman presented with a vestibular lesion in element 4.4 and a swelling visible in Fig. 1. Elements 

4.4, 4.5, and 4.6 presented good hygiene and a metal-ceramic prosthesis.  

Fig. 1. Intraoral photo of the fourth quadrant: visible vestibular swelling. 

Element 4.4 featured a metal-ceramic prosthesis and had a vestibular probing of 10mm. Nevertheless, the patient 

did not report pain on percussion, and the element had no mobility. As seen in Fig. 2, an endo-buccal X-ray was performed, 

highlighting appropriate root canal treatment with sealing of the root apex and reconstruction using a metal abutment pin. 

An area of radicular rarefaction was observed where the stump pin ended.  

Fig. 2. The Endobuccal X-ray included elements 4.3, 4.4, 4.5, and 4.6. Elements 4.4, 4.5, and 4.6 had a metal-ceramic 

prosthesis. In element 4.4, we saw a congruous root canal treatment is visible, with sealing of the root apex and a 

reconstruction using a metal abutment pin, with an area of root rarefaction where the abutment pin ended. 

Element 4.4 was difficult to recover as it presented an endodontic lesion, which manifested itself with a vestibular 

swelling. As seen in the X-ray, there was a rarefaction where the abutment pin ended. Furthermore, the lesion caused 

bone resorption at the vestibular level. For this reason, it was decided to extract the 4.4. The treatment plan was 

communicated to the patient, and element 4.4 was extracted and replaced with an implant. The metal-ceramic prosthesis 

on elements 4.5 and 4.6 were no longer suitable, and replacement was advised. The patient decided to proceed with the 

treatment of element 4.4 only.  

The operation began with local plexus anesthesia with adrenaline. A full-thickness ridge flap was incised with a 

vertical mesial release incision at the level of 4.3. The flap was detached, and granulation tissue on the vestibular wall 

was noted (Fig. 3). Again, a bone lesion was observed at the vestibular level, highlighting a root perforation once the 

granulation tissue was removed. The extraction of element 4.4 was carried out to not damage the socket further (Fig. 4-

6).  
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Fig. 3. Full-thickness ridge flap with a vertical mesial release incision at the level of 4.3. There was granulation tissue 

with a bone lesion at the vestibular level. 

Fig. 4. Granulation tissue was removed, and a root perforation was oberved. 

Fig. 5. Post-extraction socket with a bone lesion in the vestibular wall. 

Fig. 6. Element 44 with the metal-ceramic prosthesis. 

Immediately after the extraction, a 16 mm long conical implant with a 4.3 diameter from Nobel Biocare was 

inserted (Fig. 7). 
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Fig. 7. Intraoral photos of the positioned implant: On the left, the vestibular view highlighted the exposed part of the 

implant due to the bone lesion, and on the right, the implant from the occlusal point of view. 

The patient decided not to replace the prostheses in elements 4.5 and 4.6 yet; therefore, it was decided to 

submerge the implant and not carry out immediate loading. The bone lesion on the vestibular wall of element 4.4 was 

reconstructed with a xenograft of bovine origin stabilized with platelet derivatives (PRF) (Fig. 8). 

Fig. 8. Reconstruction of the vestibular wall 4.4 with a xenograft of bovine origin stabilized with PRF. 

The aim was to close the alveolus without mobilizing the vestibular flap to avoid decreasing the depth of the 

vestibule and obtaining passive closure of the wound. For this reason, it was decided to add subepithelial connective 

tissue, which connects the lingual flap to the vestibular flap, to guarantee the primary intention of healing the wound.  

A connective tissue sample was taken from the palate positioned over the fixture and sutured with the buccal 

and lingual flap (Fig. 9). 

Fig. 9. Subepithelial connective tissue was taken from the palate, positioned over the implant fixture, and sutured with 

the buccal and lingual flap. 

One month after the operation, the area of the fourth quadrant affected by the operation is visible. In Fig. 10, a 

good amount of keratinized gum has completely closed the wound by primary intention.  
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Fig. 10. Healing after a month: a good amount of keratinized gum completely closed the wound by primary intention. 

After two months, the implant was uncovered, and a cemented metal-ceramic crown was made. For control, an 

endobuccal X-ray was performed, and an intraoral photo was taken (Fig. 11, 12). 

Fig. 11. Endobuccal X-ray after placing a cemented metal-ceramic crown on the implant in position 4.4. The old 

prostheses on elements 4.5 and 4.6 was still visible. 

Fig. 12. Intraoral photo after treatment. 

DISCUSSION 

Alveolar bone atrophy is a challenging problem in implantologists' daily practice. Several options are available 

to restore the alveolar crest. All aim to restore bone quantity and keratinized gingival amount around the fixture in order 

to guarantee long-term clinical success. Consequently, bone, membrane, and autologous tissue are managed to reach an 

appropriate alveolar ridge restoration.  

Recent systematic reviews conducted on vertical augmentation with GBR and bone grafts have found that in 

patients with vertical atrophy of the mandibular ridges undergoing onlay-type bone augmentation, GBR with particulate 

grafting leads to greater bone gain and less superficial bone resorption compared to intraoral autologous bone grafts. This 

assessment was initially based on measurements of bone gain and resorption rates, followed by an examination of 

complications, implant survival, success, and peri-implant marginal bone loss through radiographic analysis (2). Despite 

its limitations, GBR appears to be the most effective technique for bone regeneration, achieving greater bone gain with 

less superficial resorption and fewer complications. 
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The choice of membranes in GBR is crucial for treatment success, with current efforts focused on creating new 

membranes using natural materials or tissue engineering principles. Once bone particles can support space maintenance 

and stability of the fibrin clot formed at the surgical site, membranes are typically used over the grafted material. A recent 

study suggests that the membrane is a bioactive compartment facilitating cell attraction, releasing signals and growth 

factors for remodeling, regeneration, and vascularization (11). 

Membranes are classified as resorbable or non-resorbable based on the type of material used: synthetic (polymer-

derived) or animal-derived. The most commonly used resorbable membranes are obtained from type I collagen or a 

combination of type I and III collagens from bovine tendons, bovine dermis, sheepskin, or porcine dermis. The most used 

non-resorbable membranes are high-density polytetrafluoroethylene (PTFE-d) with or without titanium reinforcement, 

providing effective barrier function, supporting space maintenance, and being biocompatible. Still, they need to be 

removed, resulting in the disadvantage of a second surgical intervention (3). 

Some studies (12) comparing bone gain after GBR procedures in sites with and without membrane exposure 

reveal that sites without membrane exposure achieved significantly more horizontal bone gain in edentulous ridges and a 

more significant reduction in peri-implant bone dehiscence compared to sites with exposed membranes. In GBR, grafts 

are combined with a barrier that can be either a non-resorbable membrane (13) or a resorbable membrane (14). One such 

technique uses a block bone graft (9) and a ridge-split technique (15). Subsequently, the use of distraction osteogenesis 

to increase the edentulous crest was proposed (16, 17), and recently, the "sandwich" technique has been described to 

regenerate horizontal and vertical bone defects in peri-implant sites (18). Furthermore, a novel strategy of this surgery 

was introduced to improve unsuccessful attempts to correct severely resorbed mandibles: soft tissue matrix expansion 

grafting, otherwise known as “tent pole graft”. The problem was the inadequate soft tissue volume, which contracts 

following surgical expansion when a graft is introduced. 

Onlay grafts underwent physiological resorption due to the remodeling process, resulting in a net loss of bone 

caused by the soft tissue's contraction around the graft. With Tent Pole technique, bone grafts consolidate and maintain 

their volume with dental implants, creating a tenting effect. This offers a predictable long-term reconstruction of the 

severely resorbed mandible without the complications observed with other approaches (19).  

Long-term follow-up studies have confirmed the stability of grafts and their ability to maintain bone height. In 

a report, 64 cases of bone grafts utilizing the tenting graft concept were described, each with a minimum 3-year follow-

up. No fractures occurred, and all bone grafts maintained their height, exhibiting increased radiographic density over 

time. Of these 64 cases, 356 dental implants were placed, with 354 (99.5%) successfully osseointegrated and laoded (20). 

The authors have highlighted the effectiveness of the tenting graft in various situations, including implant site preparation 

and reconstruction of severely resorbed mandibles. In conclusion, this method involves a surgical expansion of soft tissue, 

preventing contraction around grafts and ensuring a stable increase in vertical bone height over time (20). 

In addition to bone graft, thick, soft tissues play a crucial role: thicker soft tissues have a greater volume of 

extracellular matrix and collagen and increased vascularity, which promotes the elimination of toxic products and 

enhances the immune response. Therefore, it has been demonstrated that thicker soft tissues respond more favorably to 

wound healing, flap management, and restorative trauma, especially in implant surgery (21-24). Therefore, surgical 

procedures to increase soft tissue volume are recommended, especially in aesthetically critical areas, to compensate for 

volume loss after tooth extraction and during implant therapy (7). 

Techniques for soft tissue augmentation using different materials, such as subepithelial connective tissue grafts, 

xenogeneic collagen matrix, or acellular dermal matrix, are discussed. Various studies compare the effectiveness of these 

techniques in improving peri-implant tissue parameters, such as buccal tissue thickness, mid-buccal gingival level, 

marginal bone loss, KT width, and Pink Esthetic Score. Subepithelial connective tissue grafts and immediate or delayed 

implant placement have shown significant improvement in buccal tissue thickness (24).  

Furthermore, subepithelial connective tissue can be used not only to increase the quantity and quality of soft 

tissues around natural teeth or implants but also to close flaps passively without resorting to apical repositioning of the 

flap, with possible consequences of decreasing vestibular depth and scarring of vertical incisions, which can be 

aesthetically challenging, especially in the anterior areas where aesthetics plays a crucial role. 

CONCLUSIONS 

In conclusion, rehabilitating edentulism through bone reconstructions, soft tissue grafts, and osseointegrated 

implants has transformed dentistry and improve patients' quality of life. 
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ABSTRACT 

Autologous bone appears to be the most predictable and successful material available. The main problem concerning 

its use is its availability, but with autologous bone, there are no immunologic reactions or risks of disease transmission. The 

authors present a histological study of autologous bone used in ridge augmentation associated with bone lamina. Twenty 

patients participated in this study, and all gave their informed consent. In all patients, autologous bone was obtained during 

implant bed preparation in association with bone lamina in lateral and vertical ridge augmentation procedures.  After 12 

months, a small biopsy of the regenerated tissues was carried out. Histologically, almost all particles of autologous bone were 

surrounded by newly formed bone; all particles had been surrounded by new bone or undergoing remodeling. In conclusion, 

we observed that autologous bone used in ridge augmentation procedures under bone lamina membranes presented excellent 

osteoconductive properties: all the particles were surrounded by newly formed bone. 

KEYWORDS: autologous bone, bone lamina, bone regeneration, remodeling 

INTRODUCTION 

Insufficient bone amount of bone is one of the most significant clinical challenges in dental implantology (1). 

Alveolar distraction osteogenesis, guided bone regeneration (GBR), and onlay grafting have been described to augment 

the horizontal and vertical bone volume (2). Trauma, surgery for tumors, or periodontal pathologies cause resorption of 

the alveolar process or, in severe cases, resorption of native bone may produce insufficient bone volume or unfavorable 

vertical, transverse, and/or sagittal inter-arch relationships for dental implant placement (3).  

Various graft materials have been effectively used for bone regeneration, including xenografts, alloplasts, and 

allografts, but autologous bone is considered a gold standard. Autologous bone (AB) grafting is the gold-standard technique 

and appears to be the best type of graft used in bone regeneration (4), and is the most predictable and successful material 

http://www.labpublishers.com/


S.R. Tari et al.        39 

Annals of Stomatology 2024 January-April; 4(1): 38-42  www.labpublishers.com ISSN 2975-1276 

available  (5-8). In implant surgery, the reported benefits of AB graft include accelerated wound healing and the regeneration 

of new bone and soft tissue following tissue injury because it contains viable osteogenic cells, intrinsic growth factors, and a 

scaffold that collectively promotes new bone formation (9). However, autologous bone graft can present various 

disadvantages, including limited grafted bone and procedure time. Moreover, a year after the regenerative procedure, bone 

reabsorption happens in 40% (10).  

Usually, the intraoral area is the main site of autologous bone donation, including maxillary tuberosity, mandibular 

symphysis, and ascending ramus of the mandible. Also, the iliac crest graft and calvarial graft have been used in major 

surgeries because of the large amount of donated bone (11). The autologous harvested bone contains cortical bone and 

cancellous bone. Cancellous bone is rapidly revascularized, and this type of bone is resorbed and replaced by creeping 

substitution, while cortical bone appears to be revascularized very slowly (12).  

The main problems concerning the use of autologous bone are its availability (13), infections, a limited amount of 

donor bone tissue, the need for a second surgery site for bone graft harvest, bleeding, and chronic pain. For this reason, many 

other types of materials have been used as substitutes for autologous bone (2, 13-15).  

However, autologous bone remains the gold standard in bone regeneration due to its osteogenic, osteoinductive, and 

osteoconductive properties (16), growth factors, and the fact that it does not cause immunogenic reactions (17). Autologous 

bones are classified according to their intraoral or extraoral origin and endochondral or membranous according to their 

embryologic origin. In implantology, the most frequently used intraoral donor sites are the chin and body or ramus of the 

mandible; the main disadvantage is their high number of postoperative complications (18, 19). 

The present study aimed to perform a histologic study in man to analyze the healing features and remodeling patterns 

of autologous bone used under bone lamina membranes in ridge augmentation procedures. 

MATERIALS AND METHODS 

Twenty patients participated in this study (mean age 48; range 32 to 72). All gave their informed consent. In all 

patients, autologous bone was obtained during implant bed preparation in association with Bone Lamina (OsteoBiol by 

Tecnoss, Italy) in lateral and vertical ridge augmentation procedures (Fig. 1, 2).  

Fig. 1. Vestibular bone defect. 

Fig. 2. Bone defect treated with autologous bone before placement of the bone lamina. 

After 12 months, a small biopsy of the regenerated tissues was carried out at implant insertion. The specimens were 

retrieved, washed in saline solution, and immediately fixed in 4% paraformaldehyde and 0.1% glutaraldehyde in 0.15 M 

cacodylate buffer al 4C and pH 7.4 to be processed for histology. The specimens were processed to obtain thin ground sections 

with the Precise 1 Automated System (Assing, Rome, Italy) (20). The specimens were dehydrated in an ascending series of 

alcohol rinses and embedded in a glycolmethacrylate resin (Technovit 7200 VLC, Kulzer, Germany). After polymerization, 
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the specimens were sectioned with a high-precision diamond disc at about 150 μm and ground down to about 30 μm. The 

slides were stained with basic fuchsin, toluidine blue, and von Kossa. The histochemical analysis of acid and alkaline 

phosphatases was carried out according to a previously described protocol (21). 

RESULTS 

In many histological samples, it was possible to see that almost all particles of autologous bone were surrounded by 

newly formed bone. In some fields, it was possible to see that this newly formed bone was lined by a rim of osteoblasts that 

was positive for alkaline phosphatase. No osteoclasts or macrophages positive to acid phosphatase were present. A resorption 

phenomenon was present. In many areas, it was possible to observe the presence of compact, mature cortical bone that could 

be easily differentiated from the newly formed bone. The grafted bone presented different structure and maturation features 

from the regenerated bone: it had a lesser affinity for dyes and a basic fuchsin-positive, highly stained line, similar to the 

cementing lines, divided the grafted from the regenerated bone (Fig. 3).  

Fig. 3. Autologous bone is easily recognized due to its lesser staining affinity than newly formed bone. Basic fuchsin-toluidine 

blue 100 X. 

These lines had higher staining than the cementing lines observed in normal bone. The biological fluid colonized the 

bone plate, which was also present, and in several areas, it was in direct contact with the new bone. 

DISCUSSION 

The present study shows that all particles of autologous bone were always surrounded by newly-formed bone, and 

several areas showed a resorption process.  The underlying cellular mechanisms that trigger graft resorption remain to be 

elucidated. In the present study, we show graft resorption could plausibly be compared to bone resorption during physiological 

remodeling (22). Much remains elusive with regard to the underlying cellular mechanisms that trigger graft resorption. The 

old or damaged bone is resorbed by osteoclast during bone remodeling. This is a desirable effect because resorption is coupled 

with bone formation during physiological bone remodeling.  

Autogenous bone is currently the only osteogenic material available (23). The biology and biomechanics of bone 

healing are complex and currently considered that successful bone healing requires the presence of viable osteogenic cells and 

appropriate connective tissue matrix, adequate vascularity, the presence of multiple growth factors that have both temporal 

and particular specificity within the fracture site, and appropriate degree of mechanical stability (24). Viable bone cells have 

been found in borings collected from implant cavities (25).  

Autogenous bone from the iliac crest appears to be the best material for sinus-lift procedures (24), treatment of 

dehiscences and fenestrations around dental implants (24), and vertical ridge augmentation around dental implants (3). 

Autologous bone is inert, does not produce immunologic reactions, is replaced by osteoclastic resorption and bone formation, 

presents cell viability and a decreased time for revascularization, resorption, and replacement, and has no risks of disease 

transmission (26).    

Our histological results show a very high osteoconductivity of the autologous bone: all the particles were always 

surrounded by newly formed bone, and the latter was firmly attached to the former (27, 28). It was possible to find a regular 

cement line at the interface between the autologous and the newly formed bone (28). These lines occasionally had a crenated 

appearance, which osteoclastic resorption could explain this phenomena before bone formation. The bone regeneration with 

autologous bone had the most significant bone regeneration (26). Cortical bone becomes revascularized much slower than 

cancellous bone (26, 28).  
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The cortical portion is revascularized slowly through the Haversian system and remodeled by cortical bone-modeling 

units (28). Allografts, on the other hand, are replaced slowly. There is a host immune response, and the failure of all forms of 

allografts is significantly higher than that of autografts (26). Autologous bone can be mixed with platelet concentrates to 

improve bone healing (29). 

CONCLUSIONS 

In conclusion, we observed that autologous bone used in ridge augmentation procedures under bone lamina 

membranes was excellently osteoconductive: all the particles were surrounded by newly formed bone. 
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