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Over the past decade, endosseous implants of increasingly smaller diameters have been
introduced into the field of dentistry. Small diameter implants (SDIs) are generally 2.75
mm to 3.3 mm in diameter. They are frequently used in cases of limited alveolar anatomy.
Mini dental implants (MDIs) are smaller than their SDI counterparts, with diameters rang-
ing from 1.8 mm to 2.4 mm. They are suitable for long-term use—a task for which the
device was approved by the Food and Drug Administration. The following study describes
the authors’ experience with MDIs under this indication. Over a 5-year period, 2514 MDIs
were placed in 531 patients. The mean duration of follow-up was 2.9 years. The implants
supported fixed (1278) and removable prostheses (1236), with nearly equal placement in
the mandible and maxilla (1256 and 1258, respectively). The overall implant survival was
94.2%. Based on a Cox proportional hazards model, statistically significant predictors of
failure include use in removable prostheses (hazard ratio = 4.28), the posterior maxilla
(3.37), atrophic bone (3.32), and cigarette smokers (2.28). Implant failures (145) were
attributed to mobility with or without suppuration (19% vs 81%, respectively). The mean
failure time for these implants was approximately 6.4 months (193 + 42 days). This tem-
porally correlates with the osseointegration period. A learning curve was established for
this procedure, and implant survival improved with placement experience. Based on these
results, the authors have devised treatment guidelines for the use of MDIs in long-term
fixed and removable prostheses. MDIs are not a panacea; however, proper training enables
the general dentist to successfully implement MDlIs into clinical practice.

Learning Objectives
After reading this article, the reader should be able to:

* describe guidelines for the successful
placement of mini dental implants by
the general dentist.

* discuss the development of implan-
tology including the introduction of
mini dental implants to the field.

* explain the advantages and disadvan-
tages of different types of implants
and surgical techniques.

ince Branemark first related the
principle of osseointegration to the
field of dentistry,' dental implan-
tology has become a rapidly evolving
and innovative field.? In 2004, the
American Dental Association Council
on Scientific Affairs cited dental im-
plants as the “first generation of tissue
engineering devices that will affect the
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dental profession.” Accordingly, a wide
variety of implant materials, shapes.
sizes, and surface treatments have been
devised.* Patients also have become aware
of the potential of dental implants; pros-
theses that function immediately are
often desired.’

To meet this demand, implants of
increasingly smaller diameters have



been devised, and single-stage procedures®’ with imme-
diate functional loading® have become available.

Small diameter implants (SDIs) are the preferred treat-
ment modality in cases of limited anatomical geography.
These implants range from 2.75 mm to 3.3 mm in width
and 8.0 mm to 15 mm in length." Specifically, SDIs are indi-
cated for the replacement of teeth with small cervical diam-
eters and in cases of reduced interradicular bone." They
also have been shown to be a viable alternative to bone aug-
mentation when poor alveolar ridge width is encountered"
and in cases of restricted mesiodistal anatomy.'?

Biomechanical studies support SDI efficacy. Block
and colleagues correlated implant dimensions with the
pullout force required for extraction.” After 15 weeks of
integration, they found that the pullout force correlated
strongly with implant length but not diameter. A second
study of similar design compared the pullout resistance
of SDI and standard implants in cadaveric mandibles."
This study failed to detect a statistically significant
impact of implant diameter, providing further support
for congruency between SDIs and standard implants.

Survival analyses of SDIs have been exceptional, with
rates between 88.5% and 96% depending on methodolo-
gy and survival criteria."”'® In 2 retrospective analyses of
2.9 mm implants, Vigolo and colleagues demonstrated
survival rates of 92% and 94.2%, respectively.'”'®

Based on this in vivo and in vitro success, the mini
dental implant (MDI) seems a logical successor. Smaller
than their SDI counterparts, MDIs have diameters rang-
ing from 1.8 mm to 2.4 mm. MDIs were initially designed
for temporary prosthetic stabilization during the healing
phase of standard implants.'” Reproducible success in
this indication®*" has led to expanded uses in orthodon-
tic anchorage,** for the temporary fixation of trans-
planted teeth,” in periodontal therapy,®* and more
recently, for long-term fixed and removable prosthetics.*
While the Sendax MDI? was the first MDI to gain
approval from the Food and Drug Administration for
long-term applications, several other MDI systems are
available including Hi-Tec Implants®, Monorail MTI
Transitional Implants¢, and NobelDirect 3.0 implantsd.

The titanium-aluminum-vanadium alloy of the
Sendax MDI affords it the increased strength required for
these long-term applications. A recent study by Kanie
and colleagues compared the biomechanical properties of
the mini transitional implant (MTI) with those of the
Sendax MD1.*" Based on a flexural test (a fixed horizon-
tal load was applied to the implant head), the authors
determined that the MDI was 2.3 times stronger than the
MTL They concluded that the MTI is suitable for transi-
tional use accordant with its design, while the MDI
should be used if “intensity is a priority.”

* IMTEC, Ardmore, OK 73403; www.imtec.com
Hi-Tec Implants, Herzlia, Israel; www.hitec-implants.com
¢ Dentatus, New York, NY 10016; www.dentatus.com
4 Nobel Biocare, Yorba Linda, CA 92887; www.nobelbiocare.com
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Figure 1 —Mini dental implant [MDI) study comparisons.

Clinical analyses of MDIs are relatively scarce in the
literature (Figure 1). However, immediate loading of MDIs
for long-term lower denture stabilization has been report-
ed.”* Under this indication, Ahn and colleagues showed
that 26 of 27 MDIs were stable at 21 weeks of follow-up.”
A study by Mazor and colleagues represents another retro-
spective MDI survival analysis.” They followed 32 Hi-Tec
mini implants (2.4 mm in diameter) over a 3-year period.
These implants were used for the stabilization of full lower
dentures with immediate loading. A survival rate of 94%
was reported, with a single implant mobile at 3 months. A
multicenter analysis by Bulard and Vance found similar
results with MDIs: implant success rates of approximately
91% were noted.”

The authors have previously presented their experi-
ence with MDI placement for long-term prosthetic stabi-
lization.”” Since that time, the authors have continued
to place MDIs based on these principles. This article
describes a retrospective analysis of 2514 MDIs placed in
531 patients over a 5-year period. Based on the authors’
results, they have devised guidelines for the successful
placement of MDIs by the general dentist.

Materials and Methods

From January 10, 2000 to July 20, 2005, 2514 im-
plants were placed in 531 patients. All patients received
treatment in a private office setting. The primary author
was responsible for the placement of 2493 implants, while
the tertiary author placed an additional 21 implants.

Inclusion criteria were broad, and most patients
were selected for MDI placement based on subjective
complaints. These included difficulty wearing a lower or
upper denture, concern about denture reliability in social
settings, and the desire to feel more confident. Objective
indications for MDI placement included denture stabi-
lization on a thin alveolar ridge, a strong gag reflex, a
large torus palatinus or mandibularis precluding pros-
thetic seating, single missing teeth, and partial or com-
plete edentulism.

Exclusion criteria were minimal. Severely atrophic
bone and active intraoral infection were the only consis-
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tent contraindications to MDI placement. Bone character-
istics were assessed radiographically in terms of quality
(types I through IV) and quantity (divisions A through
D).”* Type IV or division D bone was defined as severely
atrophic, precluding the placement of MDIs. When type

111 or division C bone was encountered, MAX? thread (2.4
mm diameter) implants were used. These patients were
assigned the risk factor of atrophic bone.

A panoramic roentgenogram was performed on each
patient to assess these bone parameters, locate important
anatomical landmarks, and mark placement sites. For
example, in mandibular denture stabilization cases, the
radiograph was marked between the canine and first
bicuspid and lateral incisors anteriorly (Figure 2).

c xfay with upper and lo

Figure 7—Posto

For a detailed description of the procedure used in
denture stabilization, please see the noted references™”
and Figures 3 through 7. For fixed prosthetic applications,
the primary author developed the Fabricated Implant
Restoration and Surgical Technique (EL.R.S.T.) (Patent:
USPTO #7,108,511 Bl; September, 2006) as a means 0
unite MDI placement and crown cementation in a single
visit (Figures 8 through 12). A surgical stent and final
restoration were fabricated before surgery. Importantly, all
implants were placed in a single-stage procedure with
immediate functional loading.

Five years and 6 months after the first MDI was
placed, a chart review was performed to assess implant sur-
vival, This was based on standardized implant success cri-
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Figure 9—Surgical stent in ploce

Figure 12—Immediate postoperative view with cemented crowns in place.

teria set forth by Buser and colleagues®: (1) the absence of
persistent subjective complaints such as pain, foreign body
sensation, or dysesthesia; (2) the absence of recurrent peri-
implant infection with suppuration; and (3) the absence of
mobility. (The fourth criterion set forth by Buser and col-
leagues—the absence of a continuous radiolucency around
the implant—was not observed in this study.)

Figure 11 —Implants in place.

Implant mobility was assessed with gentle instrumen-
tation. Removable prostheses allowed for direct assessment
of each implant. When mobility of a fixed prosthetic unit
was detected, the restoration was removed, and implants
were assessed individually. If a fixed prosthesis was sta-
ble—and Buser’ first 2 criteria were met—it was assumed
that all underlying implants were stable.

In addition, patient variables and demographics were
obtained from the dental record. These included sex, date of
birth, placement date, nature of prosthesis (full or partial
upper or lower denture, fixed upper or lower bridge, or sin-
gle tooth), denture age (new or existing), implant diameter
(MAX 2.4 mm or standard 1.8 mm), anatomical location
(anterior or posterior, mandibular or maxillary), the presence
of bone atrophy (eg, type III or division C bone), smoking
status, the date of implant failure (if applicable), and the pres-
ence of mobility (with or without suppuration). The date of
most recent follow-up was noted, and survival data were cen-
sored accordingly. Implants that fractured during placement
were recorded but not included in the survival analysis.

Overall implant survival was then determined based
on the censored data. The Cox proportional hazards
model® was used to assess the impact of the variables
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Figure 13— Dental chart with survival percent-
ages based on location

Table 1 —Implant distribution by prosthetic subtype.

Prosthetic Sublype Percent of Implant Total
Full lower denture 23%
Full upper denture 22%
Single tooth 19%
Fixed lower bridge 16%
Fixed upper bridge 16%
Partial lower denture 3%
Partial upper denture 1%

mentioned earlier on implant survival. While alternate
statistical models have been proposed to address the
clustering of implant failures within a given patient,” the
Cox proportional hazards model has demonstrated effi-
cacy in implant survival studies.” This model assumes
that each implant placed in an individual has an inde-
pendent survival risk. The clustering of implant failures
in the same patient is therefore deferred.

Results

The mean duration of follow-up was 2.9 implant-
years. Of the 2514 implants placed, 145 failures were record-
ed. This constitutes an overall survival rate of 94.2%. The
mean failure time for this series was approximately 6.4
months (193 + 42 days).

Twenty implants fractured during the placement
process. These were not included in the survival analysis,
but they comprised approximately 0.8% of the total im-
plants. No in vivo implant fractures were observed.

The implants were placed with similar frequencies in
the mandible and maxilla (1256 and 1258, respectively).
Forty-eight implants failed in the mandible, and 97 failed
in the maxilla.

On further scrutiny of implant location, specific survival
trends became apparent. When compared with implants placed
in the anterior mandible, posterior maxillary implants were
3.37 times more likely to fail (95% confidence interval [CI]
[2.20,4.99]; P <.0001). The schematic dental chart (Figure 13)
defines the survival rates based on implant location.

The distribution of implants used for each treatment
modality is shown in Table 1. Implant survival based on each
modality revealed the following rates (Figure 14). Implants
supporting fixed lower bridges fared the best (99.0 %), while
those supporting full upper dentures fared the worst
(83.2%).

Implants supporting fixed prostheses (eg, bridges or
single teeth) were considerably more successful than those
supporting removable prostheses (eg, full or partial den-
tures). The survival rates under these indications were 98.3%
vs 89.9%, respectively. Compared with implants supporting
fixed prostheses, those supporting removable dentures
exhibited a hazard ratio (HR) of 4.3 (95% CI [2.30, 4.51]; P
<.0001).

Smoking status played a significant role in implant
survival. Nonsmokers had implant survival rates of 94.7%.
The rate among smokers was several percentage points
lower at 92.3%. Based on this difference, a HR of 2.28 was
calculated (95% CI [1.55, 6.00]; P <.001).

Bone atrophy was also a profound predictor of MDI
survival. Compared with implants placed into healthy
bone, those placed into atrophic bone (eg, type 111 or divi-
sion C bone) fared far worse (HR = 3.32; 95% CI [3.17,
9.08]; P <.0001).

Implants supporting existing dentures had a survival
rate of 88.0% compared with a 91.3% survival rate for
implants supporting new dentures. While this difference is
clinically notable, it failed to reach statistical significance
(P=.11).

When compared with standard diameter MDIs,
MAX thread implants showed improved survival in the
maxilla (92.7% vs 89.2%). Again, this result is clinically
but not statistically significant (P =.09).

No correlation was discovered between patient age
and implant survival (correlation coefficient [r*] = 0.1; P
=.72). However, it should be noted that patients aged 20
to 30 years had the greatest success with MDlIs (100%),
while those aged 90 to 100 fared the worst (83.4%).

Of the 2514 implants placed, 1540 were placed in

women, and 974 were placed in men. The survival rates -

were relatively equal between men and women (93.3%
and 94.8%, respectively) and no statistically significant
difference based on patient sex was detected (P =.10).

One hundred forty-five implant failures were ob-
served. These failures were defined based on the presence
of mobility with (19%) or without (81%) suppuration.
Only 2 complete case failures were encountered where
MDIs were aborted as a treatment modality.

A progressive improvement in implant survival was
seen with time. The learning curve is sigmoidal in shape
and approaches an asymptote toward the end of the
study period—steep initially, but progressively flattens
throughout the study period (Figure 15).

Discussion

The history of dental implantology is one of para-
digm shifts.” In recent years, there has been a movement
away from submerged, 2-stage placement without func-
tional loading to single-stage, nonsubmerged procedures
with immediate functional loading.**' Accordingly, to
reduce patient morbidity and convalescence, minimally
invasive surgery has become routine.”*
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Figure 14—Implant survival based on treatment modality.

MDIs meet these new standards of implant den-
tistry.” The authors’ reported survival rate of 94.2% is
attributable to the gentle handling of tissue—a classical,
overarching surgical principle.* Minimally invasive oral
surgery preserves peri- and endosteal blood supply, aug-
menting the osseointegration process. In addition, the
flapless approach reduces bleeding, decreases postopera-
tive discomfort, and virtually eliminates the convalescent
period‘-ﬁ.'ﬁt\

However, caution must be exercised when new proce-
dures are added to one’s armamentarium. As in all surgical
procedures, a detailed understanding of the local anatomy
is paramount. Rarely, mental nerve neuropraxia may
develop, with gradual resolution over time. No cases of
permanent paresthesia were observed in this study. With
the flapless approach, significant bleeding was rarely, if
ever, encountered. Similarly, the authors did not observe
clinically significant bone resorption or soft-tissue reces-
sion. Maxillary sinus perforation may occur when inap-
propriate implant lengths are chosen for the maxilla. This
should be avoided, but it has little or no clinical conse-
quence. Importantly, the same care and concern that is
given to any oral surgery also should be given to MDI
placement.

The greatest disadvantage of the MDI is its poor effi-
cacy in immediate extraction sites; the large socket diam-
eter precludes adequate implant-bone interface. Also, a
greater number of implants are recommended for MDI
restorations.

Prosthetic challenges are encountered with improper
implant angulation. Care should be exercised so that the
pilot holes are made in parallel fashion. In general, 25 to
30 degrees between implants will still permit adequate
prosthetic seating.

Failure is an unavoidable corollary of oral implantol-
ogy. The authors have minimized failures with a priori risk
factor consideration. The major risk factors for MDI fail-
ure include the use in removable prostheses (HR = 4.3),
the posterior maxilla (3.37), atrophic bone (3.32), and cig-
arette smokers (2.28) (Table 2).

Implants used to support fixed prostheses had sur-
vival rates of 98.3% compared with 89.9% survival in
removable prostheses (HR = 4.3; P< .0001). As previously

Figure 15—learning curve

mentioned, this data is based on the critical assumption
that every implant supporting a stable fixed prosthesis is
itself stable. Because the endpoint in dental practice is the
survival of the prosthesis and not the implant, the authors’
assumption has clinical validity. Conversely, this assump-
tion may overestimate implant survival.

Regardless, the survival difference between implants
in the fixed and removable prosthetic subgroups merits
further discussion as follows: It must first be noted that a
greater implant-to-tooth ratio was used in fixed prosthetic
stabilization (eg, 10 to 12 implants for a “roundhouse”
fixed upper bridge vs 6 implants for a full upper denture).
For single tooth replacement, 1 MDI is used for anterior
and bicuspid teeth, and 2 MDIs are used for molars. In this
context, occlusal and masticatory forces are distributed
over an augmented implant interface; the relative strain on
any implant is reduced.*” Furthermore, the bridgework in
these cases acts as a splint, anchoring adjacent implants
and reducing micromovement.”’ In addition, single tooth
replacement was more common in the esthetic zone where
occlusal forces are minimal. Conversely, for implants sup-
porting removable prostheses, the repeated forces of pros-
thetic insertion and removal may disrupt the process of
osseointegration.

Implants placed in the posterior maxilla (HR = 3.37)
displayed a 5-year survival of 88.9%, a considerably lower
value in comparison with other anatomical locations
(Figure 13). This observation has 2 related etiologies: the
thin cortical bone and underlying trabeculation (types II
to I11) of the posterior maxilla provide a decreased matrix
for osseointegration®; the occlusal forces on the posterior
dentition disrupt osseointegration, resulting in implant
mobility. As previously mentioned, implants placed in the
esthetic zone are protected from these forces, allowing
increased survival anteriorly.® In addition, implants placed

Toble 2—Risk factors for MDI failure.

Risk Factor Hazard Ratio 95% Cl P-value
Removable prostheses 4.30 [2.30, 4.51)] <.0001
Posterior maxilla 3.37 [2.20, 4.99] <.0001
Atrophic bone 3.32 [3.17, 2.08) <.0001
Cigarette smoking 2.28 [1.55, 6.00] <.001
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in the anterior mandible are often afforded the support of
bicortical stabilization.

While MAX thread implants (2.4 mm) showed clini-
cal superiority over standard thread implants (1.8 mm) in
the maxilla (92.7% vs 89.2%), a selection bias must be
noted. As previously mentioned, MAX thread implants
were preferentially chosen in cases of decreased bone
quality and quantity. Without randomization, it is impos-
sible to make definitive conclusions on MAX thread effi-
cacy. Nonetheless, clinical improvements with these
implants were apparent.

Bone atrophy is an independent risk factor for
implant failure (HR = 3.32; P < .001). These results par-
allel previous work by Jaffin and colleagues who
described the excessive loss of traditional implant fix-
tures in atrophic bone.* It is important for the dentist to
use the maximum available MDI length and diameter
(eg, MAX thread) when bone quality or quantity is com-
promised.”*” MDIs are contraindicated when severe bone
atrophy is present (eg, type IV and division D bone).”**

Smoking is a well-known impediment to implant
survival,*' and MDIs are no exception to this rule.
Smokers were at a greater risk for implant failure when
compared with nonsmokers (HR = 2.28; P >.001). An
increased incidence of periimplantitis”? and delayed
intraoral wound healing® has been reported in patients
who smoke. In concert, these factors are responsible for
the elevated implant failures in this subpopulation.

Implant survival was not correlated with age (r* =
0.1; P =.72). Similar results were found in a large scale
study by the Dental Implants Clinical Research Group,™
which further supported the broad patient base suitable
for this procedure.

Our results indicate that implants fail in a pre-
dictable temporal distribution. When considering all
failed implants, the mean failure time was approximately
6.4 months (193 + 42 days). This temporally correlates
with osseointegration, classically defined as 3 to 6 months
in the mandible and 6 to 9 months in the maxilla®*;
therefore, 6 months should be considered a landmark of
implant stability after which subsequent failure is unlikely.

Technical experience is crucial to any surgical proce-
dure. Progressive improvements in implant survival were
observed throughout the study period (Figure 15).
However, a potential observer bias should be considered.
Because implants placed toward the end of the study have
shorter follow-up periods, an inflation of their survival
rates could occur. As previously mentioned, the mean fail-
ure time in this study was approximately 6 months. Given
that the average duration of follow-up was 2.9 years, a
more likely explanation for the curve’s sigmoid shape is
the differential rate of skill acquisition: a slow initial learn-
ing phase followed by more rapid technical improvements.
With appropriate MDI training and respect for traditional
implant theory, the general dentist can successfully intro-
duce MDIs into his or her daily practice.”

Conclusion

Patients have demanded dental rehabilitation with-
out morbidity, and the field of dentistry has responded
with single-stage, minimally invasive implant placement
under immediate functional loading. Under these
tenents, the authors have placed 2514 MDIs over a 5-year
period with an overall survival of 94.2%. Only 2 case fail-
ures were observed. While additional implant failures are
expected from the most recent cohort of MDIs, the
authors’ approach has yielded results comparable with
those of traditional implant fixtures. With consideration
for prosthetic subtype, implant location, bone character-
istics, and smoking status, the general dentist and his or
her patients can achieve great success with MDIs.™

This article is dedicated to the memory of Dr Charles
E English, educator, clinician, and friend.
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Quizd

1.

Small diameter implants (SDIs) are the
preferred treatment modality in cases of:

a. limited anatomical geography.

b. apprehensive dental patients.

c. severely resorbed ridge.

d. immediate placement in maxillary tuberosities.

Mini dental implants (MDIs) have diameters
ranging from:

a. 1.8 mm to 2.4 mm.

b. 2.75 mm to 3.3 mm.

¢. 3.45 mm to 5.0 mm.

d. 6.0 mm to 8.0 mm.

In this study, most patients were selected for
MDI placement based on:

a. smoking history.

b. diabetes history.

c. objective predetermined criteria.

d. subjective complaints.

Type 1V or division D bone was defined as:
a. robust.

b. wide but short ridge.

c. wide and tall ridge.

d. severely atrophic.

Standardized implant success criteria set forth

by Buser and colleagues include the absence of:

a. persistent subjective complaints.

b. recurrent periimplant infection with
suppuration.

c. mobility.

d. all of the above

10.

The mean failure time for this series was
approximately:

a. 2.2 weeks.

b. 2.7 months.

¢. 6.4 months.

d.11.3 months.

Compared with implants supporting fixed
prostheses, those supporting removable den-
tures exhibited a hazard ratio of:

a. 0.073

b. 2.28

ci 4.3

d. 9.5

The authors’ reported survival rate of 94.2% is
attributable to the:

a. rigid inclusion/exclusion criteria.

b. gentle handling of tissue.

c. meticulous surgical technique.

d. extensive presurgical planning.

The greatest disadvantage of the MDI is:

a. its poor efficacy in immediate extraction sites.

b. its cost.

c. the technical skill required in placement.

d. the technical skill required in restoration
placement.

What should be considered a landmark of
implant stability after which subsequent fail-
ure is unlikely?

a. 1 week

b. 1 month

c. 6 months

d. 1 to 2 years
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