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Abstract: The purpose of this study is to assess the use of grade V titanium mini transitional implants
(MTIs) immediately loaded by a temporary overdenture. For this, a histomorphometric analysis
of the bone area fraction occupancy (BAFO) was performed by backscattered scanning electron
microscopy (BS-SEM). Four female patients were submitted to surgery in which two MTIs were
installed and immediately loaded with a temporary acrylic prosthesis. During the same surgery,
two regular diameter implants were placed inside the bone and maintained without mechanical load.
After 8 months, the MTIs were extracted using a trephine and processed for ultrastructural bone
analysis by BS-SEM, and the regular-diameter implants were loaded with an overdenture device.
A total of 243 BAFOs of MTIs were analyzed, of which 94 were mainly filled with cortical bone,
while 149 were mainly filled with trabecular bone. Bone tissue analysis considering the total BAFOs
with calcified tissues showed 72.13% lamellar bone, 26.04% woven bone, and 1.82% chondroid bone
without significant differences between the samples. This study revealed that grade V titanium used
in immediately loaded MTI was successfully osseointegrated by a mature and vascularized bone
tissue as assessed from the BAFO.

Keywords: grade V titanium; mini transitional implants; narrow diameter implant; backscattered
electrons

1. Introduction

One alternative to addressing the overly narrow residual ridges of the mandible is
the use of dental mini implants (with a diameter below 3 mm) [1], which represent an im-
portant therapeutic option in cases in which reconstructive surgeries are contraindicated or
as an alternative to other surgical procedures that present greater morbidity [2]. For these
cases, the use of alloys with improved mechanical properties is desired for use in dental im-
plants [3]. In this context, grade V titanium mini transitional implants (MTIs) can be a better
alternative in these clinical cases because of their high mechanical resistance. These pro-
cedures allow the clinician to perform restoration and maintenance work in the vertical
dimension with the use of mini implants in conjunction with implant surgical therapy,

Metals 2021, 11, 2. https://dx.doi.org/10.3390/met11010002 https://www.mdpi.com/journal/metals

https://www.mdpi.com/journal/metals
https://www.mdpi.com
https://orcid.org/0000-0001-6046-821X
https://orcid.org/0000-0001-8896-3853
https://orcid.org/0000-0003-1882-1010
https://orcid.org/0000-0002-4585-4953
https://orcid.org/0000-0003-1288-8468
https://orcid.org/0000-0001-8028-7109
https://orcid.org/0000-0002-7835-2001
https://dx.doi.org/10.3390/met11010002
https://dx.doi.org/10.3390/met11010002
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.3390/met11010002
https://www.mdpi.com/journal/metals
https://www.mdpi.com/2075-4701/11/1/2?type=check_update&version=3


Metals 2021, 11, 2 2 of 9

which is considered to be an effective method to provide the patient with an immediate
and comfortable transitional appliance [4].

Grade V titanium alloy is widely used to fabricate medical and dental implants
due to its superior physical, mechanical [5,6], and biological properties compared to
other available biomedical metals and alloys. Specifically, its resistance to corrosion,
excellent biocompatibility, lightweight, and superior tribological properties make this
material far superior to other metals and alloys and highly useful for dental application [7,8].
Moreover, various authors have demonstrated its osseointegration [9–11]. Complications
related to biocompatibility [12] or toxicity [13] of titanium alloys have been reported,
including a mildly increased inflammatory response in direct contact to skeletal muscle [14].
Still, the evidence that includes human biopsies is scant.

Ultrastructural bone analysis has been performed by backscattered scanning electron
microscopy (BS-SEM). This is an effective technique for studying the osseointegration of
dental implants [15]; however, there is scarce evidence regarding the osseointegration
of grade V titanium dental implants in humans when considering transitional implants
immediately loaded and associated with overdenture. The purpose of this study is to
assess the use of grade V titanium MTIs as immediately loaded implants for temporary
overdenture, performing the analysis of the bone tissue close to the implant surface in
human biopsies.

2. Materials and Methods
2.1. Patients and Surgical Procedure

The study was approved by the Ethics Committee of the University Mayor, Chile
(Protocol Nº246/006). Four female patients (60–68 years of age, health compatible with
treatment) who were non-smokers, users of acrylic removable dentures over the completely
edentulous mandible, and with horizontal atrophy of the anterior area were selected for
treatment using an overdenture which was fixed temporally by MTIs. Prior to implant
placement, all patients signed for informed consent regarding description of the placement
and removal of the MTIs. The surgical protocol involved the simultaneous placement
of submerged regular implants (4.0 mm Titamax EX or 4.3 mm Alvim Morse Taper) and
MTIs for immediate loading in the edentulous lower mandible. The submerged regular
implants that were not loaded were maintained and controlled for their osseointegration in
the traditional way (6–8 months to implant osseointegration).

Each patient received two MTIs (2.9 mm in diameter and 12 mm long, Facility Neo-
dent with Neoporos, Curitiba, Brazil) that were placed in the canine mandible region with
O-rings for fixation of the overdentures. The MTIs were placed with a mandatory insertion
torque of at least 35 Ncm and maximum 45 Ncm measured by a drill unit (W&H Implant
Med). The suture was performed using polyglactin 910 4.0 (Vicryl®, Ethicon Endo-Surgery
Inc., Greensboro, NC, USA). Immediately after the surgery, MTIs were loaded with a re-
movable overdenture following the loading protocol under the Schnitman concept [16].
Then, patients were controlled at 2, 7, 30, 60, and 90 days.

After 8 months, the MTIs were extracted with a trephine bur of 3.5 mm in diameter,
and the samples were conditioned for histomorphometric analysis by BS-SEM (Figure 1).
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Figure 1. Bone sample with mini transitional implants (MTIs) obtained by trephine. A cut was made
to obtain two samples (SA and SB) for backscattered scanning electron microscopy (BS-SEM) analysis.
MTI = mini transitional implant; SA and SB = Segments A and B obtained after the cut.

2.2. Histomorphometric Analysis of Samples by BS-SEM

The MTIs were surgically removed using a trephine bur (implant plus its bone segment,
Figure 1). They were subsequently fixed in 10% neutral buffered formaldehyde for 48 h.
Later, the bone segments were prepared for their inclusion in light-curing resin (Technovit®).
Posteriorly, the included samples were cut following the central longitudinal axis of the
implant (Figure 1) using an Exact® diamond band saw (0.2 mm thick) and treated for
BS-SEM analysis following the procedure described in the literature [17,18].

During BS-SEM analysis, several microphotographs were obtained (50× to 150×).
The area of tissue between two threads of the implant surface was established as a study
unit (Figure 2), referred to as the “bone area fraction occupancy” (BAFO). The following
parameters were analyzed in the BAFOs:

1. Bone tissue classification present in the BAFO considering trabecular or cortical bone.
The classification was determined considering the predominant form of bone present.

2. Bone to implant contact (%BIC): The contact between the bone-calcified tissue and
implant surface is expressed as the BIC percentage according to the total implant
surface between two threads (Figure 2).

3. Bone fill percentage (%Bf): This is the calcified tissue percentage in the BAFO inter-
spersed by vascular and marrow spaces.

4. Lamellar bone (LB): This bone tissue type exhibits osteonal organization and is mea-
sured according to lamellar apposition (Figure 2).

5. Fibroreticular or woven bone (WB): This bone tissue type has a regular bone structure
with isolated and polygonal cellular spaces (Figure 2).

6. Calcified chondroid tissue (ChT): This bone tissue type presents a characteristic aspect
of calcified tissues with large, irregular, and confluent cellular spaces (Figure 2).

7. Vascular or medullar spaces: black spaces in the BAFO close to the calcified tissue
compatible with spaces occupied by blood vessels or bone marrow (Figure 2).

In accordance with the variables described above, we performed quantitative valua-
tion and qualitative analysis. Quantification of tissue areas was performed using the soft-
ware ImageJ. The SPSS statistical software was used for the analysis of the quantitative
results. The ANOVA or Kruskal–Wallis tests were applied and the p-value < 0.05 was
considered significant.
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Figure 2. In the upper part, the types of bone tissue studied in the samples are shown; in the lower part, the bone area
fraction occupancy (BAFO) used as an analysis unit in this study is shown (delimited by the blue broken line between
two implant threads). Samples of Bone to Implant Contact (BIC) area are shown in the boxes inside the inferior images.
cl = cellular lacunae; ms = medullar space; vs = vascular space; MTI = mini transitional implant (surface).

3. Results
3.1. General Aspects

No complications were observed or related by patients in the post-operative period.
No mobility or lost implants were observed. A sample was lost during cutting and
preparation for BS-SEM analysis. Consequently, 15 samples were studied.

3.2. Histomorphology Findings

The histology of the tissue found around the MTIs (BAFOs) obtained by BS-SEM is
summarized in Tables 1 and 2 and Figures 3 and 4. In general, in the space between the MTI
surface and trephine, we observed tissue with the characteristics of cortical bone close
to the cervical area (near to the implant abutment, Figure 3(1,3). More trabecular bone
was observed in the deep area (Figure 3(2,4)). A total of 306 BAFOs were observed, of
which 243 BAFOs with calcified tissue were studied. The BAFOs without calcified tissue
(63 BAFOs) were observed mainly in relation to the middle implant portion. The sam-
ples showed a predominance of trabecular bone. However, the highest BIC percentage
considering all samples was associated with cortical bone. Table 1 shows the quantitative
observations made in the samples considering the parameters of bone tissue characteristics,
bone fill percentages, and BIC. Lamellar bone was the tissue most frequently observed,
followed by woven bone. Regions with chondroid tissue were significantly less frequent
(Table 2, Figure 4). Even when significant differences were observed in the amount of
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calcified tissue and vascular spaces between the samples, no significant differences were
observed in the quantitative analysis considering lamellar, woven, and chondroid tissue
(Figure 4). Consequently, the qualitative analysis revealed that the newly formed tissue in
the BAFO had a regular cell distribution and characteristics of advanced maturation. In this
region, several vascular spaces were observed with surrounding lamellar bone formation.
In general, bone exhibited a tendency toward the mature osseous tissue. Besides, no re-
mains of metal or particle corrosion detachment were observed by BS-SEM in the interface
BIC or BAFO. Remodeled activity was observed, presumably depending on the forces
applied to the implant.

Table 1. Summary of quantitative analysis of bone tissue observed in the BAFOs (Total samples = 15). For BAFO, %Bf, and %BIC
definitions see the methodology segment. SD = standard deviation.

Bone Tissue Number of BAFOs Analyzed
(Total: 306) %Bf in BAFO %BIC (Total)

Mainly filled with cortical bone 94 37% to 100%
(mean 62% SD 15.65) 63%

Mainly filled with trabecular bone 149 24% to 73%
(mean 44% SD 14.01) 37%

Without calcified tissue 63 — —

Table 2. Summary of quantitative analysis of samples considering bone tissue types. BAFOs with
calcified tissues were considered (N = 243). SD = standard deviation.

Bone Tissue Types Mean % (SD)

Lamellar bone (% of calcified tissues in BAFOs) 72.13% (13.58)
Woven bone (% of calcified tissues in BAFOs) 26.04% (12.39)

Chondroid bone (% of calcified tissues in BAFOs) 1.82% (3.69)
Medullar and vascular spaces (considering all BAFOs area) 39.41% (15.98)
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Figure 3. BS-SEM osseointegration between grade V titanium mini-transitional implants (MTI) and the bone surface.
The BS-SEM image shows close contact between the implant surface and bone. Furthermore, bone tissue with an advanced
degree of maturation and mainly lamellar and fibroreticular tissue organization is observed overall. The subfigures 1–4
show details of the BAFOs in the central image. MTI = mini transitional implant, Facility ®; Tr = trephine; bt = bone tissue;
ms = medullar space; vs = vascular space.
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Figure 4. Distribution of calcified tissue considering each sample. MIT = mini transitional implant; SA and SB = Segment A
and Segment B of sample (see Figure 1). The number of BAFOs analyzed is described below each set of bars belonging to
a sample. No significant differences were observed in the distribution of the types of bone tissue. * Significant differences
were observed in the distribution of vascular spaces and general calcified tissue between the samples.

4. Discussion

The results of the osseointegration process associated with MTIs placed in the an-
terior region of the mandible and immediately loaded by overdenture in humans show
unprecedent evidence of the successful osseointegration of grade V titanium in the form
of MTIs. The bone quality analyzed in the BAFOs showed characteristics of vascularized
mature bone, with minimal evidence of bone in the resorption stage. This result is in
agreement with the published histological findings in which the biocompatible and osteo-
conductive properties of substrate grade V titanium alloys were evidenced through in vivo
studies [6,7,19].

The qualitative evaluation of histology indicated intimate contact between the bone
and implant surface, especially in relation to cortical bone (Table 1). Bone formation
around MTIs showed healing in the BAFO by an intramembranous-type bone healing
pattern, and the appositional formation of new bone was observed where direct contact
existed between the implant and bone immediately after placement. These findings are
consistent with those described by Granato et al. [20], who observed BAFOs with woven
bone appearing with a random orientation at 3 weeks, followed by the remodeling and
replacement of woven bone by mature lamellar bone at 6 weeks.

The deposition of the bone matrix around the implant determines the success of
the matrix, which depends directly on the process that induces the osteoblast proliferation,
differentiation, secretion of extracellular matrix proteins, and tissue mineralization [21].
Along with the above, osseointegration is a dynamic process which alternates between
bone formation and bone resorption. Consequently, the magnitude, direction, and period
of any forces applied over the implant–bone zone will determine whether maintenance or
failure of osseointegration equilibrium results [22]. The results presented here show that
the properties of titanium V MTIs plus the correct surgical procedure for implant placement
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achieved adequate stability, allowing a successful osseointegration process, even when
an immediate load was applied through an overdenture. It is logical that osseointegration
may be influenced by the biomechanical properties, surface texture, and chemical com-
position of dental implants [23]. Thus, the implant surface (Neoporos) may be a factor
that could improve implant success. Castro et al. [24] stated that the Neoporos process is
a subtractive surface treatment consisting of zirconium oxide blasting and a series of acid
etching baths. Currently, roughened surfaces have been used to increase the total surface
area available for osteoconductive process, which could improve bone formation around
the implants [25]. Consequently, subtractive treatment of surface and implant design have
been considered critical variables that affect stability and quick osseointegration of immedi-
ately loaded implants. The above, without consideration of the additive treatment applying
bioactive layers on the dental titanium surface, like those performed to improve bone regen-
eration around degradable temporary orthopedic implants [26]. However, the potential
use of additive treatments on temporary implants destined to immediate load should be
considered because the advances reported have shown promising results regarding the os-
seointegration in early stage, the quantity of bone to implant contact, and the adhesion
strength of bone-to-implant [27]. Moreover, additive treatment by biodegradable bioactive
nanofilms with a sub-micrometric thickness could improve the implant surface without
affecting the primary stability required during its insertion. The nanofilms can promote cell
proliferation and differentiation, and play a significant role in the matrix calcification [28].

The mechanical resistance of grade V titanium ensures the load transmission to the
bone tissue over a prolonged period of time, which is important when lost hard tissues
are replaced with a prosthesis [29]. Therefore, the use of alloys with improved mechanical
properties in orthopedics and also in implantology is important, especially considering
the increasing use and validation of short [30] and small-diameter implants [3] as well
as the greater longevity of the patient population [6]. Compared with Co–Cr–Mo alloys,
titanium alloy is almost twice as strong and has half the elastic modulus. Compared with
316 L stainless steel, grade V titanium alloy is roughly equal in strength; however, it has
half the modulus. This titanium alloy is a material that is frequently used in the orthopedic
area [21] mainly because of its superior mechanical properties.

Finally, the clinician must consider several aspects for implant selection, such as
patient history (parafunctional habits, implant fracture, among others) or load conditions
to which the implant will be subjected [31]. The use of titanium grade V in MTIs for
immediate prosthetic loading has shown good biomechanical properties and successful
osseointegration, maintaining a functional temporary overdenture during the study period.

5. Conclusions

Grade V titanium is an adequate material for dental implants from the point of
view of its biocompatibility when considering the osseointegration process. Furthermore,
the visualization of bone tissue after the removal of MTIs implants with trephine through
histomorphometric analysis by BS-SEM demonstrated the presence of mature bone tissue
that was mostly formed by lamellar bone. This adequate quality of bone tissue surrounding
the dental implant and the intimate and stable contact between the implant surface and
bone tissue revealed that, despite the immediate occlusal load applied to the implant,
titanium V MTI was adequately integrated into the bone tissue, ensuring the stability of
the temporary prosthesis.
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