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Abstract

:

This study evaluated the two-year clinical outcomes of 3.1 mm diameter dental implants, immediately provisionalized and later restored using same-day dentistry, in 10 patients receiving 11 narrow-diameter (3.1 mm) single implants. Each implant was placed and immediately restored with a provisional crown after placement. At least 2 months after placement, the implant was restored with a prefabricated titanium abutment and an all-ceramic crown using a same-day dentistry protocol. Clinical outcomes, including apical bone loss, probing depths, gingival index, and surgical and prosthetic complications, were documented. There was no implant failure over the course of two years. No surgical complications were reported. Two cases lost provisional crowns. One crown needed to be remade due to esthetic concern. The cumulative two-year survival rate of the implants was 100%. Implant bone loss after two years of functional loading was −0.56 ± 0.54 mm and −0.32 ± 0.68 mm for mesial and distal crestal bone, respectively. Two prosthetic complications included recementation of a crown and remaking of a crown. This exploratory study suggests that immediate provisionalization and a same-day restorative dentistry digital workflow protocol for narrow-diameter implants appear to be predictable clinical procedures with no reported surgical complications and minimal prosthetic complications.
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1. Introduction


Narrow-diameter dental implants (NDIs) have been advocated for use when the edentulous residual ridge is too small for conventional-diameter dental implants, to avoid augmentation and other invasive surgical procedures [1]. Various diameter sizes for NDIs are available commercially. NDIs can be classified into three categories based on diameter size, including Category 1, <3.0 mm (“mini-implants”); Category 2, 3.0–3.25 mm; and Category 3, 3.30–3.50 mm [1,2]. A meta-analysis suggested that Category 1 implants had a lower survival rate, while Categories 2 and 3 featured similar implant survival rates compared to conventional-diameter implants [1]. NDIs also have demonstrated similar clinical outcomes in terms of implant survival, prosthetic success, and marginal bone loss [3,4]. The first-year marginal bone loss for NDIs was reported to be approximately 0.78 ± 0.64 mm, which is often less than or similar to conventional-diameter implants [5]. A five-year retrospective study of NDIs also concluded that long-term survival rates and marginal bone loss for NDIs is similar to conventional-diameter implants [6]. NDIs are therefore considered a predictable treatment option and offer an alternative to costly, time-consuming, and sometimes unpredictable additional surgical procedures [3,7]. NDIs may therefore be advantageous over conventional dental implants when a small residual ridge is present in the esthetic zone [8,9,10,11,12].



While NDIs are now widely used in the esthetic zone, where immediate provisionalization and loading are commonly prescribed, there is little information on the immediate loading of NDIs as a single implant restoration. A meta-analysis of overdenture studies suggests that NDIs can be immediately loaded to retain mandibular overdentures [13]. The survival rate of NDIs (Categories 2 and 3; 3.0 to 3.5 mm) was reported to be as high as >99% for a fixed single implant restoration with immediate provisionalization [14]. A one-stage surgical protocol for NDI placement for the restoration of a congenitally-missing maxillary lateral incisor appeared to be as successful and predictable as a two-stage protocol [15]. A one-year prospective study of immediate provisionalization of 3.0 mm NDIs reported 100% implant success rate, with minimal marginal bone loss of −0.35 ± 0.35 mm [16].



Recent advances in digital dentistry allow same-day CAD/CAM dentistry to become a routine practice [17,18]. For NDIs, in general, the digital and prosthetic options are often limited due to the size of the implants. There is little information on the fabrication of NDI implant crowns using a same-day digital dentistry protocol. This prospective exploratory study, therefore, aimed to evaluate clinical outcomes when single NDIs were immediately provisionalized and later restored using a same-day dentistry restorative workflow.




2. Materials and Methods


2.1. Study Population


The study protocol for this prospective study was approved by the Western Institutional Review Board (WIRB #20180697) and was registered at clinicaltrials.gov (registration no. NCT03917927). This study was part of a multicenter clinical trial that took place at three centers in the US and two centers abroad. While all centers shared common protocol, the cohort presented here was unique in terms of a digital dentistry component that may or may not be available in other centers. All clinical works presented here were performed at a single study site. Written consent, with a witness, was obtained from all participants. The study subjects enrolled in the study were patients who required single implant restoration in the esthetic zone, in the maxillary and mandibular anterior and premolar areas. The following inclusion criteria and exclusion criteria were used to screen potential candidates for the study (Table 1). The implants were planned to be placed in a healed edentulous site or immediately after single tooth extraction. Bone augmentation was not allowed in the study, and patients deemed to require bone augmentation would be excluded. All subjects signed the informed consent form and approved the treatment plan.




2.2. Clinical Protocol


Potential subjects were screened and clinical evaluations, including baseline oral health indices such as gingival and plaque indices, were documented (Figure 1). The edentulous site or unrestorable remaining tooth, as well as adjacent teeth, were clinically and radiographically evaluated. Preoperative intraoral scans were used to create a diagnostic wax-up. Preoperative cone-beam computed tomography (CBCT) was used to determine the available residual bone dimension and quality appropriate for a 3.1 mm diameter NDI implant (3.1 mmD Eztetic Implant, ZimVie, Palm Beach Garden, FL, USA). A preoperative antibiotic, 2 g Amoxicillin, was given approximately one hour prior to surgery. The patient was asked to rinse with 0.12% chlorhexidine gluconate for 30 s. The surgical procedures were performed under local anesthesia. Full thickness flaps were performed only in cases when the residual ridge was narrow and perforation might be expected. Otherwise, a flapless guided surgical protocol was employed. Figure 2 demonstrates a surgical workflow case with an extraction. The implant was placed using the manufacturer’s recommended protocol, using 2.1 mm/1.6 mm, 2.3 mm, and 2.8 mm diameter size osteotomy drills to the planned appropriate depth. Osteotomy procedures were performed using copious irrigation at a speed of 900 RPM. A bone tap was used when the presence of dense bone was determined. The implant was placed in the crestal position using 15–30 RPM speed. Primary stability with >35 Ncm insertion torque was chosen for the implants to be immediately provisionalized at the surgical appointment. Final seating torque was recorded. Resonance frequency analysis (RFA) was performed using the Osstell Smartpeg (Osstell, Göteborg, Sweden). The implant stability quotient (ISQ) value for each implant was then recorded, at the time of both implant placement and prosthetic insertion.



After the implant was placed, a provisional titanium prefabricated abutment (ZimVie, Palm Beach Gardens, FL, USA) and bis-acryl resin (Integrity, Charlotte, NC, USA) were used to fabricate a screw- or cement-retained provisional implant crown (Figure 3). The provisional crown was fabricated using a polyvinyl siloxane matrix fabricated from the preoperative diagnostic wax up, produced using a digital diagnostic wax up (3Shape Lab Studio) and stereolithographic 3D printing technology (Gray Resin, Formlabs and From 3B, Formlabs). The occlusal contacts of the crown were relieved. There was no occlusal contact in the maximum intercuspal position or in the lateral excursions. All implants were provisionalized within the same surgical visit.




2.3. Same-Day Digital Dentistry Fabrication of Definitive Prosthesis


About eight weeks after implant placement, the prefabricated titanium implant abutment (Hex-lock Contour Abutment, ZimVie, Palm Beach Garden, FL, USA) was placed and tightened to 30 Ncm, according to the manufacturer’s recommendation. The abutment was then prepared intraorally with a high-speed handpiece and diamond burs, with copious cooling with air and water. Intraoral scanning was performed using either the Planmeca Emerald intraoral scanner (Planmeca, Helsinki, Finland) or the iTero Element II (Align Technology, San Jose, CA, USA). The interim prosthesis was then used as a guide to design the definitive implant crown using Planmeca PlanCAD software (Planmeca, Helsinki, Finland). The crown was then milled using CAD lithium disilicate material (IPS e.max CAD, Ivoclar, Liechtenstein). After milling, the unsintered crown was inserted to determine the proximal fit and customize the crown surface to mimic the adjacent and contralateral tooth surface morphology, texture, and characterization. The crown was then stained with feldspathic ceramics and sintered. The implant screw access hole was then filled with a Teflon tape barrier. The crown was then conditioned (Monobond Etch & Prime, Ivoclar, Liechtenstein), rinsed, air-dried, and luted with resin cement (Variolink Esthetics DC, Ivoclar, Liechtenstein). Figure 4 and Figure 5 demonstrate definitive crown fabrication and clinical restorative workflow.




2.4. Clinical Evaluation of Peri-Implant Soft Tissue Health


The peri-implant soft tissue esthetics, implant mobility, bleeding on probing, implant sulcus depth, gingival inflammation, and gingival and plaque indices were assessed at the time of implant placement with the provisional prosthesis, at the time of definitive prosthesis placement, and at 6-, 12-, and 24-month recalls. The Modified Gingival Index (MGI) was defined as: 0 for normal gingiva, absence of inflammation; 1 for mild inflammation, slight change in color, little change in texture of any portion of, but not entire, marginal or papillary gingival unit; 2 for mild inflammation, criteria as above but involving the entire marginal or papillary gingival unit; 3 for moderate inflammation, redness, edema, glazing, and/or hypertrophy of the marginal or papillary gingival unit; and 4 for severe inflammation, marked redness, edema, and/or hypertrophy of the marginal or papillary gingival unit, spontaneous bleeding, congestion, or ulceration. The Plaque Index (PI) was defined as: 1 for no plaque in the gingival area; 2 for a thin film of plaque at the gingival margin and area adjacent to the restoration, visible only when scraped with an explorer; 3 for a moderate amount of plaque along the gingival margin, the area adjacent to the restoration, and within the gingival sulcus, interproximal space free of plaque, plaque visible with the naked eye; and 4 for heavy accumulation of plaque at the gingival margin, the adjacent area of the restoration, and within the gingival sulcus, interproximal space filled with plaque.




2.5. Radiographic Evaluation


Standardized periapical radiographs were taken at the implant placement visit, at the visit of digital scanning and prosthesis fabrication, and then at one-year and two-year follow-up visits. The radiographs were used to compare the mesial and distal implant marginal bone changes. Periapical radiographs for each patient were used to determine the crestal bone levels, comparisons, and analysis between visits. Accuracy of crestal bone analysis was assured based on standardized radiographs. Attempts were made to ensure that the periapical radiographs were taken from the same position at each designated interval to reduce the errors in measuring crestal bone levels. Repeatable positioning of periapical radiographs was made possible by modifying a plastic Rinn bite block with impression material to register the incisal/occlusal position of the implant after placement. At the designated intervals, radiographs of study implants were obtained and the crestal bone level on the mesial and distal coronal aspects of each implant were measured. The distance between the crestal bone level and the point where the bone attaches to the implant was measured. To correct for any foreshortening that may have occurred due to minor angulation errors, the measured value was expressed as an absolute value in millimeters and as a normalized value. The normalized value was determined by multiplying the absolute value by the difference between the observed length of the implant on the radiograph and the actual length of the implant. An impartial evaluator, using standard operating procedures to ensure accuracy and precision, evaluated all radiographs. The measured dimensions were compared against known dimensions (length/diameter) and the percent difference were calculated and used to “normalize” the observed dimensions. These normalized values from the radiograph obtained at the immediate post-placement surgery date were considered the baseline against which all subsequent values were compared to assess crestal bone level changes. Periapical radiographs were also examined for evidence of other possible peri-implant pathologies.





3. Results


Ten patients who enrolled in the study received a total of eleven NDIs. Table 2 summarizes the patients’ demographics and implant data. The average age of the patients at the time of implant placement was 47.5 ± 18.0 years. No implant failure was reported. Thus, the implant survival rate was 100%. It took an average of 127.4 ± 53.0 days from the implant surgery to the day of definitive crown fabrication and insertion. The most common implant length used was 11.5 mm, which accounted for over half of the implants used (six out of eleven). Two implants were placed immediately after extractions. The ISQ values were 73.50 ± 12.01 at the time of the placement, and 76.59 ± 11.87 at the time of prosthetic insertion. The mesial and distal crestal bone loss values were −0.56 ± 0.54 mm and −0.32 ± 0.68 mm. Negative values signified bone resorption. The probing depth changes are shown in Table 3. Implant mobility was not found at any time point. The gingival inflammatory (GI) scores, bleeding on probing (BOP) scores, modified gingival index (MGI) scores, and plaque index (PI) scores are shown in Table 4.




4. Discussion


The main results of this exploratory study present the success of immediate provisionalization of single NDIs together with a same-day dentistry prosthetic fabrication protocol. This treatment protocol of immediate provisionalization of NDIs demonstrated a high implant success rate of 100%. This option allows clinicians to use titanium prefabricated abutments instead of Ti-based abutments, which are often not available for NDIs [16,19].



Compared to other studies, this protocol demonstrated comparable results with minimal mesial-distal peri-implant bone loss of ~0.3 to 0.6 mm after two years of implant placement. These bone remodeling value are similar to the ~0.35 mm bone resorption average from a study reporting on immediate provisionalization of NDIs after one year following implant placement [16], as well as from a study with delayed provisionalized protocol [20]. Immediate or delayed provisionalization appeared to have no effect on bone loss [16,20]. Long-term bone loss of <0.2 mm per year after the first year has been reported for NDIs [21]. While the peri-implant bone and gingival health, along with implant success, results of the current study were almost identical with previously reported outcomes by Oyama et al. [16], the prosthetic complications were different. Only two crowns in this study required recementation or remake, accounting for 18% of minor prosthetic complications with no complications observed during the provisional stage. On the other hand, in Oyama et al. [16], more prosthetic complications at the provisional crown stage were reported, including seven fractured provisionals, two de-bonded provisionals, and three loosened provisional abutment screws, all within the first three months following implant surgery, accounting for 70% of prosthetic complications. This may relate to the different implant design, provisional abutment, and implant connection, as well as the difference between using titanium prefabricated provisional abutments with bisacryl resin in this study and the use of titanium-based polyetheretherketone (PEEK) abutments with flowable composite resin in Oyama et al. [16].



There are multiple factors that affect the preservation of crestal peri-implant bone. Immediate provisionalization of conventional dental implants and NDIs has been shown to preserve crestal peri-implant bone and prevent the first year of peri-implant bone resorption [20,22]. Other factors, however, such as the implant fixture platform switching design [23], the microthread cervical design [24], the stability of the implant-abutment friction-fit design, and reduction of micromovement/microgaps [24,25], may also have a favorable effect on the reduction of the crestal peri-implant bone resorption. Note here that, in this study protocol, flap surgery was employed in most cases, since the alveolar ridges were narrow. Flapless surgery was employed for immediate placement implants and large alveolar ridge width. It is possible that the bone resorption may have been reduced further if flapless surgery were used exclusively [26,27,28,29].



Advances in digital technology, including intraoral scanning, CAD/CAM prosthetic design, and milling of the definitive implant restoration, allow for same-day implant crown fabrication [17,18,30,31]. The majority of same-day implant crown fabrications rely, however, on the availability of titanium-based (Ti-based) prefabricated abutments, together with a ceramic block with pre-milled implant screw access [17,18]. This option is often missing for NDIs. Therefore, in this study, a prefabricated titanium implant abutment was used with a monolithic lithium disilicate crown fabricated using CAD/CAM technology. One of the issues identified during this pilot clinical trial was the grayness of the titanium abutment showing through at the facial cervical gingiva, and in one case the crown needed to be replaced after additional preparation at the facial margin to drop the crown margin slightly deeper sub-gingivally. Titanium abutment preparation is therefore an important issue to ensure optimization of the scanning ability, as well as the milling capacity, of the restoration [17,32]. The same-day dentistry protocol for NDIs appears otherwise to be very successful, and, in most cases, the patients were pleased with the treatment outcome, esthetically, and with the speed of the treatment. The monolithic lithium disilicate crown was prescribed in this study to allow the same-day dentistry protocol without compromising the esthetics of the restorations, since zirconia restoration would have taken longer and likely would not be done in the same day [18].



It is also important to note here that, after enrolling and performing implant placement for the first seven patients, our clinic facility had to close for three months due to the COVID-19 pandemic. Some of our short-term care, such as surgical recalls and restorative work, had to be delayed. Some of the patients also refused to come back for the clinical follow-up until after the peak of the pandemic. While the COVID-19 pandemic undoubtedly had some adverse effects on clinical protocol, same-day crown fabrication reduces treatment visits, which eases patients’ anxiety about seeing a dentist during the pandemic. Several previous studies demonstrated that patients prefer digital impressions over conventional elastomeric impressions for a single implant [33,34,35,36,37]. Digital workflow for a single implant restoration has been shown to be more effective and less expensive, with shortened treatment time and a reduced number of clinical visits [37,38,39,40].



It is important to discuss some limitations of this pilot study and possible future clinical studies. First, the sample size of this study was limited. The sample size of ten was planned for this study as a pilot exploratory clinical trial to provide baseline data for future, larger clinical studies. In the future, there is potential for a clinical trial for immediate fabrication and insertion of the definitive crown together with guided implant surgery and CAD/CAM same-day dentistry. Second, only titanium prefabricated abutments were used here. Other types of abutments, such as zirconia-fused titanium base, may result in a different, or even a better, esthetic outcome. Third, in this study, while digital implant planning was employed, guided implant surgery was not applied. In the future, guided implant surgery can be applied, possibly together with a definitive restoration, fabricated ahead of surgery. More importantly, digital smile design can be an important part of routine treatment planning [41]. A future study which incorporates fully digital smile design and guided implant surgery will be important to provide insight into contemporary practices. Finally, the periapical radiograph is limited to 2D data, and the superimposition of facial and lingual bones can potentially alter the results.




5. Conclusions


NDIs are a viable alternative treatment for anterior and premolar implant sites without additional grafting or generative surgery. This exploratory study demonstrated that not only can NDIs be immediately provisionalized after implant placement in esthetic zone, but also that titanium preparable prefabricate abutments can be used together with same-day dentistry protocol with 100% implant survival rate over 24 months and minimal peri-implant bone loss or complications.
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Figure 1. Consort flowchart. 
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Figure 2. Surgical procedure. 
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Figure 3. Fabrication of provisional crown. 
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Figure 4. Same-day dentistry from provisional crown to definitive crown. 
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Figure 5. Clinical restorative workflow demonstrating the same-day dentistry protocol. 
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Table 1. Inclusion and exclusion criteria.
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	Inclusion Criteria
	Exclusion Criteria





	
	
Patients of either sex and greater than 18 years of age.



	
Patients for whom a decision has already been made to use a dental implant for the restoration of existing partial edentulism in the anterior (central and lateral incisors), canine, or premolar regions in the mandible or maxilla. Placing an implant in the canine region should be in a healed site (not for immediate extraction).



	
Immediate extraction or a prior extracted site.



	
Intact buccal table as verified by CBCT or during surgery. If absent, patients should be excluded from enrollment in the study.



	
Patients must be physically able to tolerate conventional surgical and restorative procedures.



	
Patients with a facial lingual width of at least 5.1 mm and inner tooth width of at least 6 mm.



	
Patients having a thick gingival biotype (based on the lack of transparency of the periodontal probe through the gingival margin while probing the buccal sulcus) will be preferred but lack of this characteristic will not disqualify a patient from inclusion in this study.



	
Presence of opposing dentition with a functional occlusion that permits the restoration with a non-occluding provisional prosthesis.



	
Patients who provide a signed informed consent; a patient having implant placement surgery will continue participation in the study regardless of whether or not they receive restorative treatment according to protocol (protocol deviation).



	
Patients who agree to be evaluated for each study visit.



	
Minimum primary stability, insertion torque >35 Ncm (this will be a criteria that is met at the time of surgery).





	
	
Patients with known systemic diseases such as uncontrolled diabetes, endocrine disease, heart disease, immuno-compromised disorders, or mental disorders.



	
Patients with current use of non-steroidal anti-inflammatory drugs, bisphosphonates. or corticosteroid treatments.



	
Patients with active infection or severe inflammation in the areas intended for implant placement.



	
Patients in need of bone grafting at the intended study site.



	
Prisoners.



	
Patients with a >10 cigarette per day smoking habit.



	
Patients with a history of therapeutic radiation to the head or jaw.



	
Patients in need of bone grafting at the site of the intended implantation.



	
Patients who are known to be pregnant at the screening visit or planning to become pregnant within 6 months of study enrollment.



	
Patients with evidence of severe parafunctional habits such as bruxing or clenching.



	
Patients with HIV or hepatitis infection.



	
Patients who have previously failed implants at the site intended for study implant placement.



	
Patients in need of other treatments or surgeries at a site adjacent to the intended implantation site.



	
Patients with a history of severe periodontal disease.
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Table 2. Patient’s demographic data, implant sites, and implant lengths.
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Variable

	
Values

	
n *

	
%






	
Gender

	
Male

	
3

	
30




	
Female

	
7

	
70




	
Ethnicity

	
Caucasian

	
6

	
60




	
African American

	
4

	
40




	
Implant placement site 

	
Maxillary lateral incisor

	
5

	
45.5




	
Maxillary canine

	
1

	
9.1




	
Maxillary premolar

	
4

	
3.6




	
Mandibular lateral incisor

	
1

	
9.1




	
Implant length

	
8.0 mm

	
1

	
9.1




	
10.0 mm

	
2

	
18.2




	
11.5 mm

	
6

	
54.5




	
13.0 mm

	
2

	
18.2








* n (total) = 10 for patients, 11 for implants.
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Table 3. Implant probing depth changes after definitive prosthetic placement.
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Time Period

	
Tooth Surface

	
Change (mm)






	
Between 3–6 months

	
mesial

	
0.43 ± 0.5




	
distal

	
−0.14 ± 1.07




	
buccal

	
0




	
lingual

	
0.29 ± 0.95




	
Between 6 months and 1 year

	
mesial

	
0.13 ± 0.99




	
distal

	
0.25 ± 0.71




	
buccal

	
−0.44 ± 1.05




	
lingual

	
0.25 ± 0.89




	
Between 1 year and 2 years

	
mesial

	
0.25 ± 0.50




	
distal

	
0.50 ± 0.58




	
buccal

	
−0.25 ± 0.5




	
lingual

	
0
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Table 4. Clinical evaluation measures.
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	Clinical Measures
	GI
	BOP
	MGI *
	PI *





	1 week
	0.67 ± 0.52
	0.20 ± 0.40
	N/A
	N/A



	3 weeks
	0.25 ± 0.44
	0
	N/A
	N/A



	Prosthetic insertion
	0.10 ± 0.30
	0
	0.17 ± 0.41
	0.17 ± 0.41



	6 months
	0.14 ± 0.38
	0
	0.17 ± 0.41
	0



	12 months
	0.13 ± 0.35
	0
	0.29 ± 0.49
	0



	24 months
	0
	0
	0
	0







* Measures used only after the prosthetic insertion.
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